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Purpose: To investigate the IOLMaster 700 variability of posterior curvature readings in relation to ocular surface parameters.
Patients and Methods: Eligible cataract patients underwent two consecutive IOLMaster 700 exams and ocular surface assessments
including non-invasive and fluorescein tear film break-up time (NIKBUT first and average, FBUT) during one preoperative visit.
Intradevice repeatability was assessed based on within-subject standard deviation (Sw), test-retest variability (TRT), and intraclass
correlation coefficient (ICC). The device composite standard deviation (SD) for biometric data, anterior corneal radii (R, R1, R2) and
posterior corneal radii (PR, PR1, PR2) were analyzed in relation to ocular surface indices. Subgroup analysis evaluated the effect of
FBUT on repeatability of trimmed-mean astigmatism vectors.

Results: One hundred eyes of 67 patients were evaluated. Posterior keratometric indices had lower ICCs than anterior indices. The
TRT for R and PR was 0.01 and 0.09 mm, respectively. The mean PR composite-SD was significantly higher than mean R composite-
SD (34.49 vs 2.55 pm, respectively, p < 0.001, ¢-test). The mean R1 composite-SD was negatively correlated with FBUT (p = —0.35,
p <0.001). The mean PR composite-SD was not correlated with ocular surface parameters. A trend towards increasing PR composite-
SD with age was observed, approaching statistical significance. Subgroup analysis showed no statistically significant differences for
repeat astigmatism vectors in relation to FBUT.

Conclusion: The OCT-based posterior curvature readings show greater variability than the telecentric anterior keratometry. Unlike
anterior corneal measurements, posterior corneal readings variability was not linked to tear film parameters.
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Introduction

The posterior corneal curvature can be measured using different technologies, such as optical coherence tomography
(OCT), Scheimpflug imaging, or color LED reflectance-based devices. Measured posterior radii may be entered into
intraocular lens (IOL) power calculators for the spherical equivalent and toric IOL power prediction, potentially
improving the accuracy of astigmatism correction with toric IOLs. However, the results of the measured versus predicted
posterior corneal astigmatism (PCA) calculations are contradictory. This may be due to suboptimal measurement
precision. Regardless of the technology used, studies show inconsistent results regarding the repeatability of posterior
corneal measurements. Some authors report high repeatability for both anterior and posterior cornea,' ™ while others
highlight lower repeatability of posterior keratometry compared to anterior keratometry.”°
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Tear film stability is a well-known factor affecting the accuracy of biometric measurements.’ ® Although the adverse
effects of dry eye disease on anterior corneal readings are well-documented, we have not found studies reporting the
influence of the ocular surface on posterior corneal measurements.

The IOLMaster 700 (Carl Zeiss Meditec AG), a swept-source OCT (SS-OCT) ocular biometer, measures both anterior
and posterior corneal curvatures. Anterior telecentric keratometry measurements are calculated from the average of 15
images of 18 points of light reflecting off the anterior corneal surface.'” The posterior corneal surface is mapped using
pachymetry measured in six meridional SS-OCT scans and fitted to the anterior surface model to create the toric posterior
surface model.'" Variability in tear film quality can introduce artifacts in pachymetry and anterior corneal curvature
measurements, thereby propagating error into the posterior corneal surface model on which device algorithms rely.

The SD of each IOLMaster 700 composite parameter is a single number that summarizes the variability of data. One
IOLMaster 700 automatic data-acquisition procedure includes 3 axial SS-OCT measurements, each performed in 6
meridians, and 3 sets of 5 single automatic telecentric keratometric measurements. 10 Altogether, 18 raw axial biometric
scans and 15 raw keratometric values are acquired during one automatic IOLMaster 700 measurement. Cannon et al showed
that SD of mean keratometry on the IOLMaster 700 exam report (“composite-SD”) correlated with the variability of corneal
astigmatism vector; moreover, the mean keratometry SD can be used as an indicator of the quality of the IOLMaster exam. '
Hence, the posterior corneal readings composite-SD reflects the variability of those measurements.

The aim of this cross-sectional study was to assess the variability of posterior corneal curvature readings by means of
IOLMaster 700 composite-SD in relation to objective and subjective tear film stability and ocular surface health
measures in otherwise healthy cataract patients.

Materials and Methods

This study was conducted as part of a broader prospective controlled clinical study consisting of 3 arms, with data
collected in one private hospital in Wroclaw, Poland. Study subjects were recruited from among patients scheduled for
cataract surgery from January 2022 to December 2024. The study was approved by the Ethical Committee of Wroclaw
Medical University (No 734/2022) and followed the tenets of the Declaration of Helsinki and good clinical practice.
Signed informed consents were obtained from all participants.

Inclusion criteria were indication for age-related cataract surgery, age between 50 and 90 years, capability to provide
informed consent and the ability to adhere to the study protocol. Exclusion criteria were: any severe ocular surface
disease/condition that potentially could confound the results of this study (for example, corneal scars, refractive surgery
of the cornea, keratoconus), any ocular procedure performed during last 6 months, any known ocular allergy, chronic
ocular disease such as glaucoma, uveitis, Sjogren syndrome or other autoimmune diseases or any general condition/
medication that could significantly influence the ocular surface status. Patients with age related macular degeneration or
any other macular and retinal diseases causing morphological changes in the fovea were also excluded.

Dry Eye Assessments

All subjects were examined according to the study protocol, in the same standardized order established according to TFOS
DEWS II recommendations and starting with the least invasive methods.'* The order of measurements is presented in
Figure 1 (Figure 1). The ocular surface disease symptoms (OSD) were assessed using the ASCRS SPEED II€ OSD
questionnaire (Ocular Surface Disease Standard Patient Evaluation of Eye Dryness questionnaire modified by the American
Society of Cataract and Refractive Surgery).'* Written permission for using it was given by its developer, Christopher
E. Starr. Dry eye symptoms were assessed by fluorescein and non-invasive measurement of tear film break-up time (FBUT
and NIKBUT, respectively), lid-parallel conjunctival folds (LIPCOF) and tear meniscus height (TMH).

The Oculus Keratograph 5M (K5M) (OCULUS®, Optikgerite GmbH, Wetzlar, Germany, software version v3.10.0.0)
was used to determine TMH, NIKBUT-f and NIKBUT-avg. TMH was photographed with K5M and measured with
digital callipers in the central lid margin. NIKBUT-f was defined in the K5M software as the time between a blink and
the first appearance of deformation of the reflected Placido rings whereas NIKBUT-avg was calculated as the average
time from the appearance of the deformation to the next blink or automatic termination of the measurement after
25 seconds. Two K5M measurements were taken for each eye separated by 2 minutes and the mean of each parameter
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SPEED Questionnaire

Medical and ocular history

Biometry (IOLMaster 700)

2 measurements procedures 2-3 minutes apart

Tear Meniscus Height (K5M)

NIKBUT (K5M)

2 measurements 2-3 minutes apart

Slit lamp
e conjunctival hyperemia
¢ LIPCOF
¢ fluorescein break-up time (3 measurements)
e corneal and conjunctival staining

Figure | Flow diagram of the study protocol.

was further analysed. Using a 2-minute separation between measurements eliminates the influence of the previous
interblink interval on the subsequent measurement. This is based on the research by Yokoi et al'> who demonstrated that
complete reorganization of the tear film lipid layer does not occur after every blink, but after several blinks. A break
between measurements, which require the eyes to be open for a longer period, also allows the tear film to regenerate. In
the previous study using this short break, no statistically significant differences in tear film breakup time between the first
and second measurements were detected.'®

The slit lamp assessments were conducted with the following parameters being evaluated: conjunctival hyperemia,
LIPCOF grading, FBUT, corneal and conjunctival fluorescein staining.'?

To measure FBUT a drop of saline solution was placed on fluorescein strip (Madhu Instruments Pvt. Ltd., New Delhi,
India). The strip was applied to the temporal canthal lid margin area. The slit-lamp magnification was set at x10; cobalt
blue light and a Wratten 12 yellow filter were used to enhance observation of the tear film. The time between blink and
the first appearance of the first dark spot was recorded using a stopwatch (in seconds). The FBUT was measured three
times and the final score was averaged. Fluorescein corneal and conjunctival staining were based on the Oxford
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schema.!” Staining ranges from 015 for the total exposed inter-palpebral conjunctiva and cornea as a sum of 0—5
grading for cornea, temporal conjunctiva and nasal conjunctiva.

The clinical criteria for diagnosing dry eye disease in the elderly, cataract population are not sufficiently well defined
both in terms of clear cut-off values and a common diagnostic protocol.'®!” Ocular staining > 3, LIPCOF > 2, severe
conjunctival hyperemia or FBUT < 2 s?° were considered signs of severe OSD and reason for exclusion.

Biometer

Two sequential ocular biometry exams with IOLMaster 700 (Carl Zeiss Meditec AG, Jena, Germany, software version
1.90.30.09) were performed, asking the patient to sit back and blink naturally for a few minutes between measurements
to avoid ocular surface drying. Each measurement was triggered after achieving alignment, as soon as possible after
a few natural blinks. No artificial tears were allowed in between, and all subjects were measured under non-mydriatic
conditions between 8:00 am and 12 a.m. The IOLMaster 700 telecentric, 3-zone reflectance keratometry measurements
are calculated from the average of 15 images of 18 points of light reflecting off the anterior corneal surface. The
reflections measure anterior corneal curvature, which is converted to corneal power (K) using the keratometric index of
1.3375. The posterior corneal surface is mapped using pachymetry measured in six meridional SS-OCT scans and fitted
to the anterior surface model to create the toric posterior surface model.'" The posterior corneal surface values are an
intermediate step of determining Total Keratometry (TK) but are also displayed to the user.'’

The IOLMaster 700 Corneal Values Report contains data for both corneal surfaces: anterior (R, R1, R2, AK) and
posterior (PR, PR1, PR2, APK). Each of these parameters is presented as the composite value, which is the non-arithmetic
average from a set of 3 average values of 5 single measurements. The composite values are displayed with standard
deviation (composite-SD), a measure of intra-device repeatability of one composite measurement (Figure 2). The Biometric

Corneal values
R: 7.22 mm SD: 1um R: 7.21 mm SD: 2um
R1: 7.29 mm @ 133° SD: 2 um R1: 732 mm @ 28° SD: 3 um
R2: 715 mm @ 43° sb: 1um R2: 7.09 mm @ 118° SD: 1um
AK: -0.85D @ 133° AK: 146D @ 28°
R: 7.22 mm AK: -0.85D @ 133° R: 7.21 mm AK: -1.46D @ 28°
R: 7.22mm AK: -0.84D @ 133° R: 7.21 mm AK: -1.44D @ 28°
R 7.22 mm AK: -0.86 D @ 132° R: 7.21 mm AK: 148D @ 28°
Total Keratometry
TR:  7.22 mm SD: 5 um TR:  7.20 mm SD: 3 um
TR1: 7.29 mm @ 129° sD: 9 um TR1: 7.32mm@ 33° SD: 4pum
TR2. 745 mm @ 39° SD: 2um TR2: 7.09 mm @ 123° SD: 9 um
ATK: -0.90 D @ 129° ATK: 146D @ 33°
TR:  7.22 mm ATK: -0.92D @ 129° TR:  7.21 mm ATK: 141D @ 33°
TR:  7.22 mm ATK: -0.85D @ 131° TR:  7.20 mm ATK: -1.56 D @ 34°
TR:  7.23 mm ATK: -093D @ 127° TR:  7.20 mm ATK: -1.42D @ 31°
Corneal back surface values
PR: +6.34 mm sb: 30 ym PR: +6.36 mm sD: 15 um
PR1: +6.42 mm @ 161° SD: 23 ym PR1: +6.52 mm @ 5° SD: 7 um
PR2: +6.27 mm @ 71° SD: 41 um PR2: +6.20 mm @ 95° SD: 35um
APK: -015D @ 71° APK: -0.31D @ 95°
PR: +6.34 mm APK: 013D @ 77° PR: +6.34 mm APK: -0.38D @ 96°
PR: +6.38 mm APK: -0.14D @ 59° PR: +6.37 mm APK: -0.31D @ 84°
PR: +6.32 mm APK: -0.18D @ 77° PR: +6.37 mm APK: -0.30D @ 105°

Figure 2 An example of IOLMaster 700 report on Corneal Values, Total Keratometry and Corneal Back Surface values.

Note: Data shown in bold are composite values and are reported with standard deviation (SD).

Abbreviations: R, anterior corneal mean radius; R1, anterior corneal radius in flat meridian; R2, anterior corneal radius in steep meridian; SD, standard deviation; AK,
difference between R2 and RI in diopters; TR, total keratometry mean radius; TRI, total keratometry radius in flat meridian; TR2, total keratometry radius in steep
meridian; ATK, difference between TR2 and TR1 in diopters; PR, posterior corneal mean radius; PRI, posterior corneal radius in flat meridian; PR2, posterior corneal radius
in steep meridian; APK, difference between PR2 and PRI in diopters.
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Values Report shows data derived from axial SS-OCT measurements: axial length (AL), central corneal thickness (CCT),
anterior chamber depth measured to corneal epithelium (ACD) and lens thickness (LT). The above listed composite values
are derived from average values of the 3 axial SS-OCT scans of 6 meridians: 0°, 30°, 60°, 90°, 120° and 150010

The IOLMaster output is accompanied with quality indicator (QI): green (signal quality acceptable), yellow (signal
quality is decreased and the exam should be repeated) and red (poor signal, no measurements available). QIs are
displayed for CCT, ACD, AL, LT, K and TK data. Each indicator of signal quality refers to an individual measured value
(eg AL) or a group of measured values (eg keratometry).'® For the purpose of this study, only quality check green
indicator exams were included in the analysis.

The reflectance keratometry uses the relationship between object size, image size, and the distance between the
reflective surface and the object to calculate the radius of the reflective surface. All these variables are measures of length
reported in metric system units. Converting length units to dioptric power, using fictional indexes based on Snell’s law,
can obscure the raw data variability. Specifically, the small difference between refractive indices of corneal stroma and
aqueous humor may lead to the underestimation of posterior corneal radius measurements variability. Therefore,
analyzing corneal radius measurements variability by means of composite-SD was performed in metric system. The
anonymized IOLMaster corneal and biometric composite mean in mm and SD in um were exported for the following
parameters: R, R1, R2, PR, PR1, PR2, AL, ACD, LT, CCT.

For the anterior corneal astigmatism analysis, anterior corneal radii values in mm were converted into dioptric power
using the following equation:

7nk—1
R

K

were K = anterior corneal power in Diopters, nk = 1.3375 is a keratometric index, and R = posterior radius of curvature in
meters.
For the posterior corneal astigmatism, posterior corneal radii values in mm were converted into dioptric power using
the following equation:
na — ns

PR

PK =

were PK = posterior corneal power in Diopters, na = 1.336 is the refractive index of the aqueous humor, ns = 1.376 is the
refractive index of the corneal stroma and PR = posterior radius of curvature in meters. Anterior (AK) and posterior

(APK) astigmatism values were calculated. The vector analysis was performed according to Thibos et al,*!

converting the
anterior and posterior astigmatism power values to rectangular vectors JO and J45 (JOK, J45K — for anterior astigmatism,
JOPK, J45PK — for posterior astigmatism), using the following equations: JO = —(C/2) x cos(2a) and J45 = —(C/2) x sin
(2a), where JO represents the Jackson cross-cylinder power at axis 90 and 180, J45 is the Jackson cross-cylinder power at
axis 45 and 135, C is the astigmatism magnitude, and a is the axis of the astigmatism. Double angle plots were generated
with Eyetemis software”” for paired comparisons between 2 consecutive measurements of anterior and posterior corneal
astigmatism of the same eye. This was done for two subgroups: with short FBUT and long FBUT, whereas the cut-off
value used (5 s)** was also close to the median FBUT value for entire cohort. The Eyetemis software as well as
IOLMaster 700 use vector analysis for AK, APK and SD, what was independently verified.

All K5SM and IOLMaster 700 exams were performed by the same experienced optometrist (IK), all clinical
assessments were performed by the same experienced ophthalmologist (MM-W) in the same examination room.

Statistics

Sample size calculation was performed according to McAlinden and at least 63 subjects were considered for a Kmean
0.1D difference with a 0.1D Kmean SD.?* Statistical analyses were completed using Statistica v.13.3 (StatSoft), Stat Plus
PRO v7.8.4 for Microsoft Excel (AnalystSoft Inc.) and the Eyetemis analysis tool (www.eyetemis.com).”? The Shapiro—

Wilk test was used to check the normality of data distribution. To determine the intra-observer repeatability of IOLMaster
700 measurements a one-way analysis of variance (ANOVA) was used to calculate the within-subject standard deviation
(Sw) with a set at 0.05. Intrasession test—retest variability (TRT) was calculated by multiplying the pooled within-subject
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SD (Sw) by 2.77.%° Based on repeatability, the difference between two measurements for the same subject shall be less
than 2.77 Sw for 95% of paired observations. Intraclass correlation coefficient (ICC) was calculated with one-way
random-effects model for consistency of repeated measurements. A value between 0.75 and 0.90 indicates moderate
repeatability, whereas >0.90 is considered to be highly consistent.

Astigmatism variability was analyzed with Eyetemis software using the “paired-population corneal astigmatism”
option (analysis configuration: p value adjustment method: Holm, a value: 0.05). The anterior and posterior astigmatism
trimmed means were compared for trueness, precision and accuracy utilizing the robust 2-sample f-test. Accuracy is
assessed by comparing the trimmed mean values of the astigmatic magnitude; trueness refers to the closeness of
agreement between the centroid value of test results and a reference centroid value; precision refers to the closeness
of agreement between first and second measurement.”®

Spearman’s rank correlation coefficient (p) was calculated to assess the relationship between IOLMaster derived SD
(composite-SD) of mean K, PK, AL, ACD, LT, CCT, R, R1, R2, PR, PR1, PR2 values with ocular surface health indices

and patients’ age.

Results
Intra-Device IOLMaster 700 Variability

One hundred eyes of 67 patients (16 men, 51 women) with the mean age of 67 + 8.6 years (range: 50-90) were eligible
for the analysis. Overall, the repeatability for IOLMaster 700 measured parameters in the whole group was good, with no
statistically significant differences between repeated measurements (Table 1). However, ICCs for all posterior cornea
measurements (PR, PR1, PR2, APK) were lower than for all other IOLMaster 700 parameters. Lower ICCs were also
observed for the posterior astigmatism vectors JO and J45, as compared to anterior astigmatism JO and J45, with the
lowest ICC for JO PK (ICC = 0.546). The TRT variability was larger for PR than R (0.09 mm versus 0.01 mm,
respectively).

The IOLMaster 700 composite-SDs for R and PR values for single automated measurement acquisition reflect the
variability of a single composite output IOLMaster value. Mean composite-SD values were 2.55 pm, 3.82 pm, 3.96 pm
for R, mean R1 and R2, and 34.49 pum, 47.00 um and 45.32 um for PR, PR1 and PR2, respectively. The IOLMaster
composite-SD values of posterior curvature measurements were significantly higher than SD for anterior radii values (p <
0.001, #-test) (Figure 3). Converting posterior radii readings from micrometres to diopters resulted in obscuring the
variability of data, with composite-SD values of 0.18 D, 0.11D, 0.11D for KSE, K1, K2 —0.05, —0.03, —0.04 D for PSE,
PK1, and PK2, respectively.

Dry Eye Assessments

The SPEED questionnaire result was 6.32 + 4.92 points, the TMH was 0.33 £ 0.15 mm, NIKBUT-f was 8.63 + 5.64 s,
NIKBUT-avg was 12.63 + 6.07 s and FBUT was 6.33 =+ 3.96 s. The hyperemia score was 0.46 = 0.63, LIPCOF grading
was 0.56 + 0.72 and Oxford ocular surface staining score was 1.18 = 1.8. These results correspond to normal or mild dry
eye disease. There was a statistically significant, positive correlation between NIKBUT-f and NIKBUT-avg (p = 0.82; p <
0.001), and moderate positive correlation between FBUT and NIKBUT-f and FBUT and NIKBUT-avg (p = 0.35, p <
0.001; p = 0.36; p < 0.001, respectively).

FBUT was the only ocular surface index that showed a significant negative correlation with R1-composite SD (p =
—0.35, p < 0.001) and with mean R composite-SD (p = —0.29; p = 0.004). The mean PR composite-SD showed no
correlation with any of the ocular surface assessments. A trend towards increasing PR composite-SD with age was
observed, approaching statistical significance. No correlation between age and mean R-composite SD was found. No
correlation was also observed between age and composite-SD of other IOLMaster parameters as well as between age and

ocular surface parameters.
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Table | Intraobserver Repeatability of Biometric and Corneal Values for IOLMaster 700

Parameter | Measurement | Measurement 2 | TRT Sw ICC P
Mean (SD) Mean (SD)

AL (mm) 23.27 (1.36) 23.25 (1.35) 0.28 0.10 0.999 | 0.94
CCT (um) 553 (39.30) 554 (39.75) 14.88 | 5.37 0.995 | 0.89
ACD (mm) 3.08 (0.43) 3.06 (0.43) 0.33 0.12 0.999 | 0.77
LT (mm) 4.56 (0.37) 4.56 (0.38) 0.08 0.03 0.998 | 0.93
R (mm) 7.62 (0.25) 7.62 (0.25) 0.0l 0.003 | 0.995 | 0.99
R1 (mm) 7.70 (0.25) 7.70 (0.25) 0.06 0.02 0.992 | 0.96
R2 (mm) 7.54 (0.27) 7.54 (0.27) 0.03 0.0l 0.990 | 0.97
PR (mm) 6.76 (0.26) 6.75 (0.28) 0.09 0.03 0.847 | 0.90
PRI (mm) 6.88 (0.26) 6.88 (0.28) 0.15 0.05 0.837 | 0.84
PR2 (mm) 6.63 (0.29) 6.63 (0.31) 0.04 0.02 0.864 | 0.95
JO K (D) 0.10 (0.52) 0.09 (0.50) 0.08 0.03 0.955 | 0.93
J45 K (D) 0.01 (0.31) 0.00 (0.30) 0.25 0.09 0939 | 0.77
AK (D) 0.95 (0.81) 0.93 (0.83) 0.52 0.19 0.936 | 0.82
J0 PK (D) 0.08 (0.08) 0.06 (0.10) 0.33 0.12 0.546 | 0.14
J45 PK (D) 0.02 (0.06) 0.02 (0.06) 0.05 0.02 0.732 | 0.67
APK (D) 0.23 (0.14) 0.24 (0.16) 0.20 0.07 0.760 | 0.65

Note: For astigmatism, vector analysis is presented.

Abbreviations: ACD, anterior chamber depth; AL, axial length; CCT, central corneal thickness; ICC, intra-class
coefficient; LT, lens thickness PR, posterior mean corneal radius; PR, posterior flat corneal radius; PR2 posterior steep
corneal radius; R, anterior mean corneal radius; R1, anterior flat corneal radius; R2 anterior steep corneal radius; SD,
standard deviation; Sw, within-subject standard deviation; TRT, test-retest variability; JO K, anterior astigmatism Jackson
cross-cylinder power ataxis 90 and 180; J45 K, anterior astigmatism Jackson cross-cylinder power at axis 45 and 135; J0
PK—posterior astigmatism Jackson cross-cylinder power at axis 90 and 180; J45 PK, posterior astigmatism Jackson
cross-cylinder power at axis 45 and 135; AK, anterior corneal astigmatism; APK, posterior corneal astigmatism.

Subgroup Astigmatism Vector Analysis
The entire cohort was divided into two groups: “long BUT” (50 eyes) and “short BUT” (50 eyes) based on FBUT cut-off
value set at 5 s. For these 2 groups, anterior and posterior astigmatism repeated measurements analysis by means of
trueness, precision and accuracy are presented in Table 2. (Table 2). There were no statistically significant differences
between trimmed means of both anterior and posterior corneal measurements for eyes with “short BUT” or “long BUT”,
except for anterior curvature measurements accuracy in eyes with “long BUT” (p = 0.03). Figure 4 depicts anterior and
posterior astigmatism trimmed vector repeatability based on first and second measurements in eyes with short FBUT or
long FBUT presented as polar diagrams (Figure 4A-D).

There were no statistically significant differences between first and second measurement for AL, CCT, ACD and LT
in either group (long and short BUT).

Discussion

We have shown that the variability of posterior corneal radii measurements was larger than the variability of anterior
corneal radii. While the R composite-SD was negatively correlated with tear film BUT, the PR composite-SD was not
correlated with any of the ocular surface assessments. Therefore, other factors must be considered. Our data showed
a trend towards increasing PR composite-SD with age for the 67 eyes considered. Interestingly, the variability of other
variables measured with the IOLMaster 700 was not associated with age.
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Figure 3 Box plot of R mean composite-SD (R_SD) and PR mean composite-SD values (PR_SD) in pm for single automated IOLMaster 700 measurements (p < 0.001,

ANOVA).

Many studies reported high repeatability of IOLMaster 700 anterior keratometry and total keratometry.''”-*® Cannon

et al reported that for IOLMaster 700 exams with acceptable, green quality indicator no difference was noted in the

variability of K and TK measurements. However, the SD of these measurements was significantly bigger for eyes with

anterior or TK astigmatism difference >0.50 D between two repeated exams.'? Nevertheless, TK is a secondary

Table 2 The Trueness, Precision and Accuracy Data of 2 Paired Measurements of Anterior (AK)
and Posterior (APK) Corneal Astigmatism in Eyes with Short and Long FBUT

Parameter/Group | Measurement | | Measurement 2 | Trueness | Precision | Accuracy
Centroid (D) Centroid (D) p p p
(o) (xy)

AK/short FBUT 0.12 @ 80° 0.17 @ 86.5° 0.44 0.93 0.84
(=0.12, 0.04) (-0.17, 0.02)

AK/long FBUT 033 @ 81.7° 025 @ 79.3° 0.33 0.57 0.03*
(-0.32, 0.10) (-0.23, 0.09)

APK/short FBUT 0.17 @ 9.9° 0.15@ I1.2° 0.49 0.88 0.84
(0.16, 0.06) (0.14, 0.06)

APK/long FBUT 0.17 @ 84° 0.14 @ 6.9° 0.09 0.95 0.34
(0.16, 0.05) (0.14, 0.03)

Note: *Statistically significant (2 sample robust t-test).
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parameter, derived from both corneal surfaces, hence it does not deliver information on posterior corneal keratometry
repeatability alone. Therefore, we did not analyze TK, but evaluated the composite standard deviations of the raw
posterior corneal readings measured in millimeters. Expressing these data in length units reveals variability in the
posterior corneal radius readings that becomes obscured when the values are converted to dioptric power. This masking
effect arises from the small difference between the refractive indices of the corneal stroma and the aqueous humor.
Presenting posterior corneal readings variability geometrically, without conversion, provides greater insight into the
results. The “noise” in posterior corneal radius measurements may help explain why toric IOL calculations based on
predicted astigmatism can outperform those derived from actual measurements.?®>'

The reported results of the measured versus predicted PCA for toric IOL calculations are controversial. Wang et al
found that measured PCA yields lower prediction error in a cohort of patients with monofocal IOLs.** Stewart et al
reported that using measured PCA improves results only when the astigmatism axis is not vertically oriented.>* On the
contrary, Yang at al showed that the predicted residual astigmatism using Barrett Integrated Keratometry Toric Calculator
was smaller while using predicted PCA mode than while using measured PCA.?° Other study also showed that measured
PCA (both with IOLMaster 700 and Pentacam) did not perform better than the estimated PCA in toric IOL
calculations.®® As mentioned before, this can be explained by the suboptimal accuracy of posterior corneal measure-
ments, highlighted in our study. The inferior repeatability of posterior corneal radii measurements performed with
IOLMaster 700 and Casia 2 was also reported by other authors.>°

The IOLMaster 700 TK feature was supposed to overcome systematic weaknesses of anterior keratometry by
reducing model assumptions (ie the assumption of a constant anterior/posterior corneal surface ratio and a constant
central corneal thickness implied by the keratometric index).'® However, it was shown that using the IOLMaster 700 TK
does not increase the prediction accuracy of the ESCRS IOL calculator formulas.** Likewise, utilizing the Anterion
(Heidelberg Engineering) total corneal power does not improve the refractive outcomes of IOL power calculations in
comparison to calculations based on anterior keratometry only.*> One possible explanation can be that the posterior
corneal radii measurements are less than perfect and that technology may need further advancements.

The assessment of the variability of posterior corneal readings poses several confounding factors: 1. The difference
between the refractive index of the corneal stroma and the aqueous humor is smaller than that between the refractive
index of air and the corneal stroma. Therefore, converting radii from mm to D obscures the variability in posterior
measurements. 2. The posterior cornea has lower refractive power compared to the anterior cornea. Consequently, both
the numerical values and deviations will also be smaller than those of the anterior cornea. 3. The anterior curvature
exhibits greater variation within the population than the posterior curvature. As a result, the corresponding power vectors
are larger.

Our study demonstrated significant variability of IOLMaster700 posterior corneal radii readings in older cataract
patients, which was not related to the tear film stability. This raises the question of how other devices, based on other
technologies, such as Scheimpflug camera, perform in comparison. In young, healthy adults (mean age 25 years), other
SS-OCT devices — Anterion, and Casia 2 (Tomey) — have shown higher repeatability of posterior K measurements than
the Pentacam.” Because the cohort in our study was much older, the results may have been influenced by age related
changes in the corneal tissue. Future studies could examine the repeatability of posterior corneal measurements across
different age groups and using various measurement technologies.

The strengths of our study include a prospective design and complex assessments of tear film parameters for each
measured eye. We have confirmed the well-recognized correlation between FBUT and NIKBUT, as well as between
anterior keratometry measurement variability and FBUT. This validates the importance of the tear film assessment in
preoperative screening for patients with cataracts.*® At the same time, we demonstrated that the variability of posterior
corneal curvature measurements, obtained with an SS-OCT based biometer, is not related to tear film stability.
Furthermore, we concentrated our analysis on the composite-SD value, which can be quickly accessed on the
IOLMaster report in cataract clinics.

There are some limitations to this project. Firstly, a second instrument measuring posterior corneal curvature, such
as Scheimpflug-based device, would allow for comparison of data variability. Secondly, we excluded cataract patients
with more severe dry eye, resulting in generally very good repeatability of examined parameters. Less homogeneous
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group could have result in more robust results. Larger studies are needed to establish the potential relationship between
age related changes in corneal stroma and endothelium with the repeatability of posterior corneal curvature
measurements.

Conclusion

In conclusion, the variability of posterior corneal readings on the SS-OCT biometer was bigger than that of anterior
keratometry and was not linked to ocular surface parameters. Posterior corneal measurements may require further
technical advancements to achieve optimal accuracy.

Funding
This work was supported by the National Science Center, Poland, SONATA BIS grant 2021/42/E/ST7/00345.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Kose B. Agreement between swept-source optical biometry and Scheimpflug-based topography measurements of posterior corneal curvature.
J Cataract Refiract Surg. 2022;48:185-189. doi:10.1097/j.jcrs.000000000000073 1
2. Pifiero DP, Camps VJ, de Fez D, Garcia C, Caballero MT. Validation of posterior corneal curvature measurements with color light-emitting diode
topography. Eur J Ophthalmol. 2020;30:1261-1267. doi:10.1177/1120672119870738
. Bucur J, Kaiser KP, Biller M, et al. Repeatability of posterior corneal surface measurements and zernike polynomials of 2 ocular biometers with
single and dual scheimpflug cameras in keratoconus and healthy eyes. Cornea. 2024;44:1197-1207. doi:10.1097/IC0O.0000000000003767
4. Cheng S, Zhang J, Zhou K, et al. Repeatability and agreement of two swept-source optical coherence tomographers and scheimpflug imaging for
measurements of corneal curvature. BMC Ophthalmol. 2024;24:439. doi:10.1186/s12886-024-03696-z
.Lu AQ, Poulsen A, Cui D, et al. Repeatability and comparability of keratometry measurements obtained with swept-source optical coherence and
combined dual Scheimpflug-Placido disk-based tomography. J Cataract Refract Surg. 2020;46:1637—-1643. doi:10.1097/j.jcrs.0000000000000346
6. Lei CS, Lin X, Ning R, et al. Repeatability and interobserver reproducibility of a swept-source optical coherence tomography for measurements of
anterior, posterior, and total corneal power. Ophthalmol Ther. 2023;12:3263-3279. doi:10.1007/s40123-023-00815-9
7.Kim J, Kim M, Ha Y, et al. Improved accuracy of intraocular lens power calculation by preoperative management of dry eye disease. BMC
Ophthalmol. 2021;21. doi:10.1186/s12886-021-02129-5
. Kawahara A. Management of dry eye disease for intraocular lens power calculation in cataract surgery: a systematic review. Bioengineering.
2024;11:597. doi:10.3390/bioengineering11060597
9. Ahn S, Eom Y, Song JS, Kim DH. Short-term variability in ocular biometry and the impact of preoperative dry eye. Sci Rep. 2024;14:26762.
doi:10.1038/541598-024-77572-7
10. IOLMaster 700 Documentation Set. 8 Software description, 000000-1932-169-DokS-GB-230517, 2017, Carl Zeiss Meditec AG, Jena.
11. Savini G, Taroni L, Schiano-Lomoriello D, Hoffer KJ. Repeatability of total Keratometry and standard Keratometry by the IOLMaster 700 and
comparison to total corneal astigmatism by Scheimpflug imaging. Eye. 2021;35:307-315. doi:10.1038/341433-020-01245-8
12. Cannon NT, Cooke DL, Wendelstein JA, Lehman E, Pantanelli SM. Impact of quality indicators on variability of keratometry measurements using
a SS-OCT-based optical biometer. J Cataract Refract Surg. 2025;51:16-22. doi:10.1097/j.jcrs.0000000000001550
13. Wolffsohn JS, Arita R, Chalmers R, et al. TFOS DEWS II diagnostic methodology report. Ocul Surf. 2017;15:539-574. doi:10.1016/].
jt0s.2017.05.001
14. Starr CE, Gupta PK, Farid M, et al. An algorithm for the preoperative diagnosis and treatment of ocular surface disorders. J Cataract Refract Surg.
2019;45:669-684. doi:10.1016/j.jcrs.2019.03.023
15. Yokoi N, Bron AJ, Georgiev GA. The precorneal tear film as a fluid shell: the effect of blinking and saccades on tear film distribution and
dynamics. Ocul Surf. 2014;12:252-266 . doi:10.1016/.jt0s.2014.01.006
16. Szczesna-Iskander DH, Quintana CL. Subjective and objective evaluation of the effect of blink type on tear-film breakup time and its estimation.
Optom Vis Sci. 2020;97:954-961. doi:10.1097/0OPX.0000000000001592
17. Bron AJ, Evans VE, Smith JA. Grading of corneal and conjunctival staining in the context of other dry eye tests. Cornea. 2003;22:640-650.
doi:10.1097/00003226-200310000-00008
18. Han SB, Hyon YJ, Joon JW, Lee JJ, Kim TK, Kim KW. Prevalence of dry eye disease in an elderly Korean population. Arch Ophthalmol.
2011;129:633-638. doi:10.1001/archophthalmol.2011.78
19. Tashbayev B, Badian RA, Chen X, et al. Comparison of non-invasive and fluorescein tear film break-up time in a 65-year-old Norwegian
population: a cross-sectional study. BMJ Open. 2025;15:¢090305. doi:10.1136/bmjopen-2024-090305
20. Baudouin C, Aragona P, Van Setten G, et al. Diagnosing the severity of dry eye: a clear and practical algorithm. Br J Ophthalmol.
2014;98:1168-1176. doi:10.1136/bjophthalmol-2013-304619
. Thibos LN, Wheeler W, Horner D. Power vectors: an application of Fourier analysis to the description and statistical analysis of refractive error.
Optom Vis Sci. 1997;74:367-375. doi:10.1097/00006324-199706000-00019
22. Kan-Tor Y, Abulafia A, Zadok D, et al. Spherical equivalent prediction analysis in intraocular lens power calculations using Eyetemis:
a comprehensive approach. J Cataract Refract Surg. 2024;50:1128-1134. doi:10.1097/j.jcrs.0000000000001518

W

wn

o]

2

—_

Clinical Ophthalmology 2026:20 heeps: 11


https://doi.org/10.1097/j.jcrs.0000000000000731
https://doi.org/10.1177/1120672119870738
https://doi.org/10.1097/ICO.0000000000003767
https://doi.org/10.1186/s12886-024-03696-z
https://doi.org/10.1097/j.jcrs.0000000000000346
https://doi.org/10.1007/s40123-023-00815-9
https://doi.org/10.1186/s12886-021-02129-5
https://doi.org/10.3390/bioengineering11060597
https://doi.org/10.1038/s41598-024-77572-7
https://doi.org/10.1038/s41433-020-01245-8
https://doi.org/10.1097/j.jcrs.0000000000001550
https://doi.org/10.1016/j.jtos.2017.05.001
https://doi.org/10.1016/j.jtos.2017.05.001
https://doi.org/10.1016/j.jcrs.2019.03.023
https://doi.org/10.1016/j.jtos.2014.01.006
https://doi.org/10.1097/OPX.0000000000001592
https://doi.org/10.1097/00003226-200310000-00008
https://doi.org/10.1001/archophthalmol.2011.78
https://doi.org/10.1136/bmjopen-2024-090305
https://doi.org/10.1136/bjophthalmol-2013-304619
https://doi.org/10.1097/00006324-199706000-00019
https://doi.org/10.1097/j.jcrs.0000000000001518

Muzyka-Wozniak et al

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Paugh JR, Tse J, Nguyen T, at Al SA. Efficacy of the fluorescein tear breakup time test in dry eye. Cornmea. 2020;39:92-98. doi:10.1097/
1C0.0000000000002148

McAlinden C, Khadka J, Pesudovs K. Statistical methods for conducting agreement (comparison of clinical tests) and precision (repeatability or
reproducibility) studies in optometry and ophthalmology. Ophthalmic Physiol Opt. 2011;31:330-338. doi:10.1111/j.1475-1313.2011.00851.x
Bland JM, Altman DG. Statistical methods for assessing agreement between two methods of clinical measurement. Lancet. 1986;1:307-310.
doi:10.1016/S0140-6736(86)90837-8

ISO 5725-1:2023 (en): accuracy (trueness and precision) of measurement methods and results - Part 1: general principles and definitions. Available
from: https://www.iso.org. Accessed September, 28, 2025.

Muzyka-Wozniak M, Oleszko A, Grzybowski A. Measurements of anterior and posterior corneal curvatures with OCT and scheimpflug biometers
in patients with low total corneal astigmatism. J Clin Med. 2022;11:6921. doi:10.3390/jcm11236921

Panthier C, Rouger H, Gozlan Y, Moran S, Gatinel D. Comparative analysis of 2 biometers using swept-source OCT technology. J Cataract Refract
Surg. 2022;48:26-31. doi:10.1097/j.jcrs.0000000000000704

Yang X, Yin Y, Wang S, Bai X, Jiang Y, Bu S. Comparative accuracy of barrett integrated keratometry toric calculator with predicted versus
measured posterior corneal astigmatism. J Refract Surg. 2024;40:¢453—459. doi:10.3928/1081597X-20240514-04

Segers MHM, Abulafia A, Webers VSC, et al. Accuracy of toric intraocular lens calculations using estimated versus measured posterior corneal
astigmatism. Am J Ophthalmol. 2024;262:107-113. doi:10.1016/j.ajo.2023.11.016

Shammas HJ, Yu F, Shammas MC, Jivrajka R, Hakimeh C. Predicted vs measured posterior corneal astigmatism for toric intraocular lens
calculations. J Cataract Refract Surg. 2022;48:690-696. doi:10.1097/j.jcrs.0000000000000819

Wang L, Koch DD. Comparison of accuracy of a toric calculator with predicted vs measured posterior corneal astigmatism. J Cataract Refract
Surg. 2023;49:29-33. doi:10.1097/j.jcrs.0000000000001025

Stewart S, Yeo TK, Moutari S, McNeely R, Moore JE. Accuracy of toric intraocular lens formulas with measured posterior corneal astigmatism of
different orientations. Am J Ophthalmol. 2024;266:26-36. doi:10.1016/j.aj0.2024.04.029

Sorkin N, Zadok R, Totah H, et al. Analysis of the ESCRS calculator’s prediction accuracy. J Cataract Refract Surg. 2024;50:1109-1116.
doi:10.1097/j.jcrs.0000000000001512

Savini G, Taroni L, Jeon S, et al. Comparison of keratometry and total corneal power, as measured by an SS-OCT-based optical biometer, for
intraocular lens power calculation in Asian eyes. J Cataract Refract Surg. 2024;50:1117-1122. doi:10.1097/j.jcrs.0000000000001515
Muzyka-Wozniak M, Kaminska I, Piwowarczyk P, Szczesna-Iskander DH. Diagnostic agreement between invasive and non-invasive assessments
for preoperative dry eye disease screening in patients with cataracts. Ophthalmol Ther. 2026;5. PMID: 41491081. doi:10.1007/s40123-025-01304-x

Clinical Ophthalmology Pl()‘;eFeprecss
aylor rancis Group

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

12

“ X in n Clinical Ophthalmology 2026:20


https://doi.org/10.1097/ICO.0000000000002148
https://doi.org/10.1097/ICO.0000000000002148
https://doi.org/10.1111/j.1475-1313.2011.00851.x
https://doi.org/10.1016/S0140-6736(86)90837-8
https://www.iso.org
https://doi.org/10.3390/jcm11236921
https://doi.org/10.1097/j.jcrs.0000000000000704
https://doi.org/10.3928/1081597X-20240514-04
https://doi.org/10.1016/j.ajo.2023.11.016
https://doi.org/10.1097/j.jcrs.0000000000000819
https://doi.org/10.1097/j.jcrs.0000000000001025
https://doi.org/10.1016/j.ajo.2024.04.029
https://doi.org/10.1097/j.jcrs.0000000000001512
https://doi.org/10.1097/j.jcrs.0000000000001515
https://doi.org/10.1007/s40123-025-01304-x
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
	Materials and Methods
	Dry Eye Assessments
	Biometer
	Statistics

	Results
	Intra-Device IOLMaster 700 Variability
	Dry Eye Assessments
	Subgroup Astigmatism Vector Analysis

	Discussion
	Conclusion
	Funding
	Disclosure

