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Abstract: Background: Posterior keratometry measurements are evolving features of the optical
biometers. The differences between devices have bigger impact for the low astigmatism values.
The majority of adults present the corneal astigmatism below 1.5 D. Objectives: To compare the
total corneal astigmatism measured with two different technologies in cataract patients with corneal
astigmatism below 1.5 D. Material and Methods: Three automated exams were performed on each of
the two devices: swept-source optical coherence tomography (SS-OCT) and Scheimpflug biometers.
The anterior and total corneal astigmatism and power were analysed. Statistical comparisons were
performed for within-subject standard deviation, repeatability, Bland–Altman and vector analysis.
Results: Twenty-nine eyes of twenty-seven patients were included. The limits of agreement between
anterior and total corneal astigmatism were narrower for the SS-OCT than for the Scheimpflug
biometer (−0.16 to 0.29 D and −0.40 to 0.39 D, respectively). The >0.5 D difference between SS-OCT
and Scheimpflug total astigmatism was noticed in 5 (17%) of cases. The difference between mean
total keratometric power for both devices was statistically significant (0.2 D, p < 0.001). SS-OCT total
corneal flat measurements had worse repeatability than Scheimpflug (p = 0.007). Conclusions: For the
corneal astigmatism <1.5 D, the difference between anterior and total corneal astigmatism measured
with SS-OCT was clinically not significant. The mean anterior and total keratometry values obtained
with Scheimpflug and SS-OCT biometers are not interchangeable.

Keywords: astigmatism; keratometry; posterior cornea

1. Introduction

Modern lens-based surgery requires precise intraocular lens (IOL) calculations, includ-
ing corneal astigmatism correction. Using anterior corneal keratometry only can result in
astigmatism over- or under-correction [1]. Incorporating posterior corneal astigmatism
into IOL power calculations has been shown to improve the results of toric IOLs [1–4].
Methods based on theoretical estimation of posterior corneal astigmatism outperform the
calculations based on real measurements [3]. This may be caused by technical difficulties in
posterior corneal curvature assessment, including both hardware and software issues.

Two main technologies are applied to evaluate the corneal back surface radii: optical
coherence tomography (OCT) and Scheimpflug camera. However, each device uses specific
manufacturer’s algorithms to derive the radius from the measured raw data. Therefore,
the results are often regarded as not interchangeable [5–8]. For anterior and posterior
keratometry measurements, studies have shown significant differences between swept-
source OCT (SS-OCT) and Scheimpflug devices [9–17], which are considered clinically
irrelevant [9,10] or relevant [5,11–17], depending on interpretation. Specifically, Shajari
found a difference of >0.50 diopters between total astigmatism measurements on the
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SS-OCT biometer and Scheimpflug device in 10 out of 93 subjects [5] and Wang reported
84.3% of eyes with differences of ≤0.50 D and ≤1.0 D in mean astigmatism magnitude on
the SS-OCT biometer and Dual–Scheimpflug device [17].

According to UK Biobank Study, only 11% of adults present corneal astigmatism higher
than 1.5 D, and the mean value of corneal astigmatism for adults between 40–69 years is
close to 0.8 D [18]. Hence, most of the cataract or refractive patients are expected to
have low astigmatism. The differences between devices in posterior corneal astigmatism
measurements, as well as intra-device repeatability, may have bigger impact for the low
than for the high astigmatism, i.e., the difference of ±0.3 D in astigmatism close to 0.7 D
influences the decision of implanting a toric IOL, while it is not an issue with an astigmatism
close to 3.0 D.

Historically, the Scheimpflug device was the first widely used instrument for posterior
corneal measurements. Introducing OCT technology for both axial length and posterior
cornea measurements calls into question using a second instrument for total corneal astig-
matism assessments for every patient. These measurements, however, directly influence
the decision of using or not using a toric IOL. Apart from obvious visual consequences, the
financial cost is also a considerable issue.

The purpose of our study was to prospectively assess the total corneal astigmatism
derived from direct anterior and posterior corneal curvature measured with an SS-OCT
biometer (IOL Master 700; Carl Zeiss Meditec, Jena, Germany) and a Scheimpflug-based
biometer (Pentacam AXL, OCULUS Optikgeräte, Wetzlar, Germany) in cataract patients
with astigmatism below 1.5 D.

2. Methods

The consecutive cataract patients, who came for pre-operative assessments, were
enrolled in this prospective controlled study. The exclusion criteria were: keratometric
astigmatism above 1.5 D, any corneal pathology, dry eye disease, previous laser corneal
refractive surgery, narrow palpebral fissure and retinal disease with macular involvement.
If both eyes were eligible, the eye to be operated first was included. The study was carried
out in compliance with the tenets of the Declaration of Helsinki, and the research was
reviewed and approved by the local ethics committee (No. 77/2021). Prior informed
consent was obtained from the subjects.

2.1. Biometric Measurements

All patients underwent 3 automated exams on each of the 2 devices: swept source OCT
(SS-OCT) biometer (IOL Master 700, Carl Zeiss Meditec, Jena, Germany) and Scheimpflug
camera (Pentacam AXL; OCULUS Optikgeräte, Wetzlar, Germany). The Pentacam AXL
is a single rotating Scheimpflug camera device, using the ray-tracing method for the total
corneal refractive power (TCRP) evaluation. The radii of curvature for the front and back
surfaces of the cornea and the indices of the refraction for air, cornea and aqueous (1.000,
1.376 and 1.336, respectively) are applied. The IOLMaster 700 is a SS-OCT biometer and
uses reflectance keratometry, pachymetry and posterior corneal curvature to measure total
keratometric power, which is called the Total Keratometry (TK). Using a thick lens formula,
the IOLMaster total keratometry astigmatism is calculated using anterior and posterior
corneal curvatures and corneal thickness.

The order of measurements was chosen in a randomised manner. All exams were
performed by 2 experienced examiners in the same dim ambient light conditions (0.02 Lux),
no longer than 15 min apart. Exams were included only if positively evaluated by automatic
quality checks on both devices.

The following variables were recorded and analysed from the SS-OCT biometer:
Kflat—keratometry in flat corneal meridian; Ksteep—keratometry in steep meridian; Kmean—
mean keratometry; Kast—difference between steep and flat meridian representing anterior
corneal astigmatism; TKflat—total keratometry in flat corneal meridian; TKsteep—total
keratometry in steep meridian; TKmean—mean total keratometry; TKast—difference be-
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tween steep and flat meridian representing total corneal astigmatism. Corresponding
parameters were recorded and analysed from the Scheimpflug device: SimKflat—simulated
keratometry in flat corneal meridian; SimKsteep—simulated keratometry in steep merid-
ian; SimKmean—simulated mean keratometry; SimKast—difference between steep and flat
meridian representing anterior corenal astigmatism; TCRPflat—total corneal refractive
power in flat corneal meridian; TCRPsteep—total corneal refractive power in steep meridian;
TCRPmean—mean total corneal refractive power; TCRPast—difference between TCRPsteep
and TCRPflat representing total corneal refractive astigmatism. Additionally, anterior cham-
ber depth (ACD) defined as the distance between corneal epithelium and anterior surface
of crystalline lens apex and central corneal thickness (CCT) were recorded.

2.2. Corneal Astigmatism Assessment

For the astigmatism assessment, the vector analysis was performed, according to Thi-
bos [19]. The following values were used: anterior (Ksteep−Kflat) and total (TKsteep−TKflat)
astigmatism for the SS-OCT device and anterior (SimKsteep−SimKflat) and TCRP astig-
matism (TCRPsteep−TCRPflat) for the Scheimflug device. These were converted to rect-
angular vectors J0 and J45 using the following equations: J0 = −(C/2) × cos (2α) and
J45 = −(C/2) × sin (2α), where J0 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 α is the axis of the astigmatism. In this notation, positive J0 indicates with-
the-rule (WTR) astigmatism and negative indicates against-the-rule (ATR) astigmatism. J45
represents oblique astigmatism. Double angle plots were created.

A predefined clinically significant limit of 0.5 D difference between anterior and
total astigmatism and between TK astigmatism and TCRP astigmatism was assessed, as
described by Shajari [5].

2.3. Statistics

Sample size calculation was performed according to McAlinden and at least 27 subjects
to achieve 0.25 D of astigmatism limit of agreement were considered [20]. Data were recorded
using Excel (Microsoft Corp., Redmond, WA, USA) and presented as mean ± standard
deviation (SD).

Matlab R2009b software (MathWorks, Inc., Natick, MA, USA) was applied to perform
statistical analysis. Normal distribution of all data sets was evaluated with the Kolmogorov–
Smirnov test. Statistical significance of differences between measurements from the two
devices was assessed with a paired sample t-test. For statistical analyses, a p-value less
than 0.05 was considered significant. Agreement between devices was evaluated with
Bland–Altman plots. Origin 8.0 software (OriginLab, Co., Northampton, MA, USA) was
applied to create the plots. For the double angle plots, the ASCRS tool (https://ascrs.org/
tools/astigmatism-double-angle-plot-tool/, accessed on 10 September 2022) was used [21].

The repeatability of both devices was evaluated according to Bland and Altman [22].
The within-subject SD (Sw) was based on 3 measurements of the same eye. The coefficient
of variance (CoV) was calculated as the ratio of Sw to the mean. The test–retest 95%
confidence interval (CI) was calculated [23]. For 95% CI of the limits of agreement (LoA),
the exact method was used [24].

3. Results

This prospective study included twenty-nine eligible eyes (17 right, 12 left eyes) of
27 patients (7 men, 20 women), with a mean age of 68 ± 11 years (range 40–84). For
two subjects, both eyes were used because the measurements for each eye were performed
separately, with a >3 month time interval. Mean axial length was 23.26 ± 1.02 mm (range
20.84–25.71). The mean Kast was 0.72 ± 0.36 D and the mean SimKast was 0.74 ± 0.41 D
(p = 0.46, t-test). Other corresponding parameters measured on the two devices are pre-
sented in Table 1.

https://ascrs.org/tools/astigmatism-double-angle-plot-tool/
https://ascrs.org/tools/astigmatism-double-angle-plot-tool/
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Table 1. Corresponding variables measured with two devices.

IOL Master 700 Pentacam AXL

Parameter Mean ± SD Range 95% CI Parameter Mean ± SD Range 95% CI

Kflat [D] 43.71 ± 1.23 41.52–47.05 (0.13–0.84) SimKflat [D] 43.66± 1.27 41.33–47.33 (0.11–0.70)

Ksteep [D] 44.50 ± 1.17 42.50–47.34 (0.09–0.55) SimKsteep [D] 44.42 ± 1.26 42.37–47.87 (0.14–0.19)

Kmean [D] 44.10 ± 1.18 42.01–47.20 (0.09–0.56) SimKmean [D] 44.05 ± 1.25 41.87–47.60 (0.11–0.71)

Kast [D] 0.72 ± 0.36 0.18–1.37 (0.15–0.96) SimKast [D] 0.74 ± 0.41 0.07–1.8 (0.12–0.77)

TKflat [D] 43.78 ± 1.22 41.69–46.99 (0.17–1.06) TCRPflat [D] 43.52 ± 1.34 41.13–47.37 (0.08–0.49)

TKsteep [D] 44.48 ± 1.15 42.33–47.13 (0.09–0.57) TCRPsteep [D] 44.28 ± 1.28 41.93–47.77 (0.11–0.71)

TKmean [D] 44.12 ± 1.17 42.01–47.06 (0.07–0.45) TCRPmean [D] 43.90 ± 1.30 41.53–47.57 (0.07–0.45)

TKast [D] 0.64 ± 0.31 0.14–1.27 (0.15–0.97) TCRPast [D] 0.76 ± 0.35 0.13–1.63 (0.13–0.84)

ACD [mm] 3.01 ± 0.39 2.29–3.81 (0.00–0.03) ACD [mm] 3.03 ± 0.39 2.31–3.85 (0.01–0.04)

CCT [µm] 553 ± 27 501–606 (2–12) CCT [µm] 543 ± 26 489–593 (2–15)

Kflat—keratometry in flat corneal meridian; Ksteep—keratometry in steep meridian; Kmean—mean keratometry;
Kast—anterior corneal astigmatism; TKflat—total keratometry in flat corneal meridian; TKsteep—total keratometry in
steep meridian; TKmean—mean total keratometry; TKast—total corneal astigmatism; SimKflat—simulated keratom-
etry in flat corneal meridian; SimKsteep—simulated keratometry in steep meridian; SimKmean—simulated mean
keratometry; SimKast—simulated anterior corenal astigmatism; TCRPflat—total corneal refractive power in flat
corneal meridian; TCRPsteep—total corneal refractive power in steep meridian; TCRPmean—mean total corneal refrac-
tive power; TCRPast—total corneal refractive astigmatism; ACD—anterior chamber depth; CCT—central corneal
thickness; SD—standard deviation; 95%CI—within subject test–retest repeatability 95% confidence interval.

The Sw for all variables was comparable, with the only statistical significant difference
between TKflat (Sw = 0.12) and TCRPflat (Sw = 0.07, p = 0.007) (Table 2).

Table 2. Comparison of the repeatability of the measured variables.

IOL Master 700 Pentacam AXL Master vs. Pentacam Repeatability

Variable Sw
CoV
[%] Variable Sw

CoV
[%] p-Value

Kflat [D] 0.10 0.2 SimKflat [D] 0.10 0.2 0.626

Ksteep [D] 0.07 0.2 SimKsteep [D] 0.11 0.2 0.153

Kmean [D] 0.07 0.2 SimKmean [D] 0.09 0.2 0.628

Kast [D] 0.11 18.2 SimKast [D] 0.10 20.4 0.336

TKflat [D] 0.12 0.3 TCRPflat [D] 0.07 0.2 0.007 *

TKsteep [D] 0.08 0.2 TCRPsteep [D] 0.10 0.2 0.595

TKmean[D] 0.07 0.2 TCRPmean [D] 0.06 0.1 0.135

TKast [D] 0.12 25.8 TCRPast [D] 0.12 18.9 0.682

ACD [mm] 0.00 0.1 ACD [mm] 0.01 0.2 1.000

CCT [µm] 2 0.3 CCT [µm] 2 0.4 0.181

Statistically significant p-values (<0.05) are marked with asterisk (paired t-test). Kflat—keratometry in flat
corneal meridian; Ksteep—keratometry in steep meridian; Kmean—mean keratometry; Kast—anterior corneal
astigmatism; TKflat—total keratometry in flat corneal meridian; TKsteep—total keratometry in steep meridian;
TKmean—mean total keratometry; TKast—total corneal astigmatism; SimKflat—simulated keratometry in flat
corneal meridian; SimKsteep—simulated keratometry in steep meridian; SimKmean—simulated mean keratometry;
SimKast—simulated anterior corenal astigmatism; TCRPflat—total corneal refractive power in flat corneal meridian;
TCRPsteep—total corneal refractive power in steep meridian; TCRPmean—mean total corneal refractive power;
TCRPast—total corneal refractive astigmatism; ACD—anterior chamber depth; CCT—central corneal thickness;
Sw—within-subject standard deviation; CoV—coefficient of variance.

The mean difference between mean K and mean TK values measured with an SS-
OCT biometer was statistically not significant. The mean difference between keratometric
corneal astigmatism and total keratometric corneal astigmatism was statistically significant,
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with a mean difference of 0.07 D, which is not clinically significant, and narrow limits of
agreement (Figure 1)
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Figure 1. Bland–Altman plots of comparison between K and TK using (a) mean values, (b) astigma-
tism magnitude.

The mean difference between simKmean and TCRPmean was statistically significant
(95% LoA −0.42–0.70), while the difference between simKast and TCRPast was not statisti-
cally significant (Figure 2).
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Figure 2. Bland–Altman plots of comparison between simK and TCRP using (a) mean values, (b)
astigmatism magnitude.

We observed no significant differences between K and simK values, except the steep
meridian. The mean differences between TK and TCRP for flat, steep and mean values
were statistically significant. The mean difference between TKast and TCRPast was not
statistically significant (p = 0.379) (Figure 3). Differences between measured indices within
and between devices are presented in Table 3.
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Figure 3. Bland–Altman plots of comparison between K and simK using (a) mean values, (b) astig-
matism magnitude and for TK and TCRP using (c) mean values, (d) astigmatism magnitude.

The difference between anterior and total astigmatism did not exceed a predefined
clinically significant limit of 0.5 D for SS-OCT biometer in any of the analysed eyes. For the
Scheimpflug SimKast and TCRPast, the 0.5 D difference was exceeded in 2 (7%) cases out of
29. The >0.5 D difference between TKast and TCRPast was noticed in 5 (17%) cases out of 29.
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Table 3. Comparison of the IOL Master 700 and Pentacam AXL indices.

Indices (D) p-Value Mean
Difference

Min
Difference

Max
Difference Upper LoA (95%CI) Lower LoA (95%CI) LoA

Range R2

IOL Master 700

Kmean vs. TKmean 0.465 −0.02 −0.34 0.18 0.24 (0.15, 0.33) −0.29 (−0.38, −0.20) 0.53 0.00

Kast vs. TKast 0.008 * 0.07 −0.14 0.33 0.29 (0.22, 0.36) −0.16 (−0.23, −0.09) 0.44 0.00

Pentacam AXL

SimKmean vs. TCRPmean 0.019 * 0.14 −0.57 0.67 0.70 (0.50, 0.90) −0.42 (−0.62, −0.22) 1.12 0.00

SimKast vs. TCRPast 0.437 0.01 −0.43 0.37 0.39 (−0.26, 0.53) −0.40 (−0.54, −0.26) 0.80 0.01

IOL Master vs. Pentacam AXL

Kflat vs. SimKflat 0.227 0.05 −0.40 0.39 0.47 (−0.22, 0.62) −0.37 (−0.52, −0.22) 0.84 0.04

Ksteep vs. SimKsteep 0.027 * 0.09 −0.52 0.45 0.49 (−0.17, 0.63) −0.31 (−0.45, −0.17) 0.80 0.22

Kmean vs. SimKmean 0.117 0.05 −0.40 0.31 0.36 (−0.16, 0.47) −0.27 (−0.38, −0.16) 0.63 0.13

Kast vs. SimKast 0.465 0.03 −0.34 0.49 0.43 (0.16, 0.97) −0.38 (−0.92, 0.16) 0.81 0.00

TKflat vs. TCRPflat <0.001 * 0.26 −0.57 0.89 0.92 (−0.17, 1.15) −0.40 (−0.63, −0.17) 1.32 0.12

TKsteep vs. TCRPsteep 0.002 * 0.20 −0.64 0.76 0.79 (−0.18, 0.99) −0.38 (−0.58, −0.18) 1.17 0.21

TKmean vs. TCRPmean <0.001 * 0.21 −0.51 0.79 0.76 (−0.14, 0.95) −0.33 (−0.52, −0.14) 1.10 0.20

TKast vs. TCRPast 0.379 −0.05 −0.67 0.56 0.53 (−0.13, 1.02) −0.62 (−1.11, −0.13) 1.15 0.01

Statistically significant p-values (<0.05) are marked with asterisk (paired t-test). Kflat—keratometry in flat
corneal meridian; Ksteep—keratometry in steep meridian; Kmean—mean keratometry; Kast—anterior corneal
astigmatism; TKflat—total keratometry in flat corneal meridian; TKsteep—total keratometry in steep meridian;
TKmean—mean total keratometry; TKast—total corneal astigmatism; SimKflat—simulated keratometry in flat
corneal meridian; SimKsteep—simulated keratometry in steep meridian; SimKmean—simulated mean keratometry;
SimKast—simulated anterior corenal astigmatism; TCRPflat—total corneal refractive power in flat corneal meridian;
TCRPsteep—total corneal refractive power in steep meridian; TCRPmean—mean total corneal refractive power;
TCRPast—total corneal refractive astigmatism.; LoA—limits of agreement; CI—confidence interval.

The power vector analysis is shown in Table 4 and Figure 4a–d. There were no statis-
tically significant differences in vector analysis of anterior and total corneal astigmatism
measured on both devices, but wide limits of agreement range were noticed. Figure 5
shows double angle plots for K, SimK, TK and TCRP.

Table 4. The vector analysis of the anterior and total corneal astigmatism obtained on IOLMaster700
and Pentacam AXL.

IOL Master 700 Pentacam AXL Difference

(D) Mean ± SD Range Mean ± SD Range Mean Difference 95% LoA Range p

J0K 0.11 ± 0.49 −1.52–1.49 J0SimK 0.13 ± 0.47 −1.44–1.49 −0.03 1.15 0.596

J45K 0.04 ± 0.34 −0.41–0.98 J45SimK 0.05 ± 0.32 −0.49–0.88 −0.01 0.57 0.732

J0TK 0.07 ± 0.48 −1.60–1.42 J0TCRP 0.15 ± 0.50 −1.58–1.55 −0.08 0.92 0.082

J45TK 0.04 ± 0.32 −0.41–0.90 J45TCRP 0.07 ± 0.28 −0.43–0.77 −0.01 0.43 0.514

J0—Jackson cross-cylinder power at axis 90◦ and 180◦; J45—Jackson cross-cylinder power at axis 45◦ and 135◦,
K—keratometry; TK—total keratometry; simK—simulated keratometry; TCRP—total corneal refractive power;
SD—standard deviation.
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4. Discussion

We showed that, for cataract patients with anterior corneal astigmatism <1.5 D, the
difference between anterior and total corneal astigmatism measured with SS-OCT and
Scheimpflug biometers was not clinically significant. However, the 95% LoA were wider
for Scheimpflug (0.8 D) than for SS-OCT (0.44 D), while both devices showed excellent
repeatability. The >0.5 D difference between TK astigmatism and TCRP astigmatism was
noticed in 17% of cases. Therefore, the results of total corneal astigmatism measurements
obtained with these two different technologies cannot be regarded as interchangeable.
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The posterior cornea curvature is difficult to measure due to a small difference in
refractive indexes between posterior cornea (1.367) and the aqueous humor (1.336). The
examined devices use different technology for posterior corneal surface evaluation and the
validation of the measurements may be different as well. Scheimpflug-based technology
uses ray tracing for TCRP estimation, with parallel light beams refraction, slope and location.
The SS-OCT biometer combines reflectance keratometry, pachymetry and posterior corneal
curvature to calculate the TK value. We found a wide range of agreement between TK
and TCRP astigmatism (1.15 D), although the vector analysis did not show significant
differences between the devices, with a mean difference of 0.08 (J0) and 0.01 (J45). Shajari
et al. reported a bigger difference in an astigmatism vector for TK and TCRP comparison
(0.15 ± 0.36 at 12); the authors also reported that better agreement was achieved for TK and
True Net Power (TNP) astigmatism comparison [5]. The TNP represents the optical power
derived from sagittal curvatures of both corneal surfaces and correct refractive indices.
Other authors consider equivalent keratometric readings, which are derived from corneal
elevation values of the anterior and posterior surfaces in addition to local corneal thickness,
as more appropriate for comparing Pentacam system with other devices [6]. The divergence
in parameters chosen for comparisons shows clearly that there is no clinical gold standard
for the total corneal astigmatism measures.

Savini et al. presented more detailed analyses of total corneal astigmatism measured
with TK and Scheimpflug, separately for eyes with with-the-rule, against-the rule and
oblique astigmatism at 2 mm and 3 mm zone/apex and ring/apex. The only statistically
significant difference between devices was present for the polar value along the 45-degree
meridian in against-the rule and with-the rule eyes [8]. In our group, limited to 1.5 D of
astigmatism, no significant differences in vectorial values were found.

Shajari et al. proposed testing the differences in total corneal astigmatism measure-
ments exceeding 0.50 D (a clinically significant limit), which may be concealed in a calcula-
tion for the mean difference, as in the Bland–Altman analysis [5]. They found more eyes
exceeding this limit between simK and TCRP astigmatism than with K and TK astigmatism.
Our data support these results. The difference between K and TK astigmatism did not
exceed a limit of 0.5 D in any of the analysed eyes (maximal difference 0.33 D). Savini and
co-authors found a difference of more than 0.5 D between keratometric and total corneal
astigmatism in 16.6% of eyes with 1.00 D or more of corneal astigmatism, measured with
a Scheimpflug device [1]. Since the magnitude of posterior astigmatism is not a constant
value and may increase with the magnitude of anterior with-the-rule astigmatism, one
can expect larger keratometric and total astigmatism differences variation with larger
astigmatism values [25].

The comparison of mean K and TK showed narrow LoA and bias line close to zero.
The mean difference between these two variables was neither statistically nor clinically
significant (0.02 D), which is in agreement with other studies [1,5]. The IOLMaster 700 TK
values are originally adjusted by the manufacturer (Carl Zeiss Meditec, Jena, Germany) to
be used with usual IOL constants and calculation formulas for IOL spherical equivalent
estimation. The Scheimpflug device TCRP was significantly different from simK values
and should not be used in IOL calculation formulas, due to the double compensation for
the refraction indices: one in the formula, second in the TCRP by definition. Therefore, TK
and TCRP cannot be regarded as comparable.

The mean dioptric corneal power in our cohort was significantly lower for TCRP by
0.2 D in comparison to the TK value. These results are in agreement with other reports [5,6].
Therefore, for toric IOL calculations, significant differences can be expected, if real total
corneal power values from different devices would be applied.

The direct measurement of posterior corneal surface offers clear benefit for the IOL
calculation in eyes after previous keratorefractive surgery. Lawless showed that using
TK in the Barrett True-K formula yields lower mean refractive prediction error in such
patients [26].
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The main limitation of the present study is the low number of eyes included in the
analysis. We tended to use one eye per patient to offset any interocular dependency issues.
Further studies with a larger sample size should follow. The second major limitation is
that the compared TK and TCRP are not exactly the same corresponding parameters, not
only due to different measurement technology. The TK value is originally adjusted by
the posterior corneal power difference from normal. The device manufacturer does not
specify the method used for this compensation. Therefore, we assume that, without the
adjustment, the results might be different. However, comparing total corneal astigmatism
from both devices is justified because TKast astigmatism and TCRPast are the vector sum of
anterior and posterior astigmatism. Another major limitation of the present study is that
similar comparisons were already published, but our specific limitation to low astigmatism
values exposes the difficulty in assessments used as cut-offs for surgical method selection
in such cases.

5. Conclusions

Regarding low corneal astigmatism (<1.5 D), the difference between measured anterior
and total corneal astigmatism was not clinically significant, when assessed with IOLMaster
700. Wider LoA between anterior and total corneal astigmatism were noticed for the
Pentacam AXL. Both technologies evaluate the posterior corneal curvature with good
repeatability, but the results cannot be regarded as interchangeable.

Author Contributions: Conceptualization, M.M.-W. and A.G.; Methodology, M.M.-W. and A.O.;
Validation, M.M.-W., A.O. and A.G.; Formal Analysis, M.M.-W. and A.O.; Investigation A.O. and
M.M.-W.; Data Curation, A.O. and M.M.-W.; Writing—Original Draft Preparation, M.M.-W.; Writing—
Review and Editing, M.M.-W. and A.G.; Supervision, M.M.-W. and A.G.; Project Administration,
M.M.-W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of Wroclaw Medical
University (No. 77/2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to General Data Protection Regulation
at the Institution.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Savini, G.; Versaci, F.; Vestri, G.; Ducoli, P.; Næser, K. Influence of posterior corneal astigmatism on total corneal astigmatism in

eyes with moderate to high astigmatism. J. Cataract. Refract. Surg. 2014, 40, 1645–1653. [CrossRef]
2. Gundersen, K.; Potvin, R. Clinical outcomes with toric intraocular lenses planned using an optical low coherence reflectometry

ocular biometer with a new toric calculator. Clin. Ophthalmol. 2016, 10, 2141–2147. [CrossRef]
3. Ferreira, T.B.; Ribeiro, P.; Ribeiro, F.J.; O’Neill, J.G. Comparison of Methodologies Using Estimated or Measured Values of Total

Corneal Astigmatism for Toric Intraocular Lens Power Calculation. J. Refract. Surg. 2017, 33, 794–800. [CrossRef]
4. Reitblat, O.; Levy, A.; Kleinmann, G.; Abulafia, A.; Assia, E.I. Effect of posterior corneal astigmatism on power calculation and

alignment of toric intraocular lenses: Comparison of methodologies. J. Cataract. Refract. Surg. 2016, 42, 217–225. [CrossRef]
5. Shajari, M.; Sonntag, R.; Ramsauer, M.; Kreutzer, T.; Vounotrypidis, E.; Kohnen, T.; Priglinger, S.; Mayer, W.J. Evaluation of total

corneal power measurements with a new optical biometer. J. Cataract. Refract. Surg. 2020, 46, 675–681. [CrossRef]
6. Carreras, H.; Garcia, A.; Piñero, D. Comparison of Standard and Total Keratometry Astigmatism Measured with three Different

Technologies. Open Ophthalmol. J. 2020, 14, 59–65. [CrossRef]
7. Lu, A.Q.; Poulsen, A.; Cui, D.; Seeger, C.; Lehman, E.; Scott, I.U.; Pantanelli, S.M. 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. [CrossRef]

8. Savini, G.; Taroni, L.; Schiano-Lomoriello, D.; Hoffer, K.J. 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. [CrossRef]

http://doi.org/10.1016/j.jcrs.2014.01.046
http://doi.org/10.2147/OPTH.S120414
http://doi.org/10.3928/1081597X-20171004-03
http://doi.org/10.1016/j.jcrs.2015.11.036
http://doi.org/10.1097/j.jcrs.0000000000000136
http://doi.org/10.2174/1874364102014010059
http://doi.org/10.1097/j.jcrs.0000000000000346
http://doi.org/10.1038/s41433-020-01245-8


J. Clin. Med. 2022, 11, 6921 12 of 12

9. Pérez-Bartolomé, F.; Rocha-De-Lossada, C.; Sánchez-González, J.M.; Feu-Basilio, S.; Torras-Sanvicens, J.; Peraza-Nieves, J.
Anterior-Segment Swept-Source Ocular Coherence Tomography and Scheimpflug Imaging Agreement for Keratometry and Pupil
Measurements in Healthy Eyes. J. Clin. Med. 2021, 10, 5789. [CrossRef]

10. Jung, S.; Chin, H.S.; Kim, N.R.; Lee, K.W.; Jung, J.W. Comparison of Repeatability and Agreement between Swept-Source Optical
Biometry and Dual-Scheimpflug Topography. J. Ophthalmol. 2017, 2017, 1516395. [CrossRef]

11. Tañá-Rivero, P.; Aguilar-Córcoles, S.; Tello-Elordi, C.; Pastor-Pascual, F.; Montés-Micó, R. Agreement between 2 swept-source
OCT biometers and a Scheimpflug partial coherence interferometer. J. Cataract. Refract. Surg. 2021, 47, 488–495. [CrossRef]
[PubMed]

12. Sel, S.; Stange, J.; Kaiser, D.; Kiraly, L. Repeatability and agreement of Scheimpflug-based and swept-source optical biometry
measurements. Contact Lens Anterior Eye 2017, 40, 318–322. [CrossRef] [PubMed]

13. Gjerdrum, B.; Gundersen, K.G.; Lundmark, P.O.; Aakre, B.M. Repeatability of OCT-based versus scheimpflug-and reflection-based
keratometry in patients with hyperosmolar and normal tear film. Clin. Ophthalmol. 2020, 14, 3991–4003. [CrossRef]

14. Lu, W.; Li, Y.; Savini, G.; Song, B.; Hu, Q.; Wang, Q.; Bao, F.; Huang, J. Comparison of anterior segment measurements obtained
using a swept-source optical coherence tomography biometer and a Scheimpflug-Placido tomographer. J. Cataract. Refract. Surg.
2019, 45, 298–304. [CrossRef]

15. Özyol, P.; Özyol, E. Agreement between Swept-Source Optical Biometry and Scheimpflug-based Topography Measurements of
Anterior Segment Parameters. Am. J. Ophthalmol. 2016, 169, 73–78. [CrossRef] [PubMed]

16. Chalkiadaki, E.; Gartaganis, P.S.; Ntravalias, T.; Giannakis, I.; Manousakis, E.; Karmiris, E. Agreement in anterior segment
measurements between swept-source and Scheimpflug-based optical biometries in keratoconic eyes: A pilot study. Ther. Adv.
Ophthalmol. 2022, 14, 25158414211063283. [CrossRef] [PubMed]

17. Wang, L.; Cao, D.; Vilar, C.; Douglas, D.K. Posterior and total corneal astigmatism measured with optical coherence tomography–
based biometer and dual Scheimpflug analyzer. J. Cataract. Refract. Surg. 2020, 46, 1652–1658. [CrossRef] [PubMed]

18. Pontikos, N.; Chua, S.; Foster, P.J.; Tuft, S.J.; Day, A.C. UK Biobank Eye and Vision Consortium (2019) Frequency and distribution
of corneal astigmatism and keratometry features in adult life: Methodology and findings of the UK Biobank study. PLoS ONE
2019, 14, e0218144. [CrossRef]

19. Thibos, L.N.; 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. [CrossRef] [PubMed]

20. 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. [CrossRef]

21. Abulafia, A.; Koch, D.D.; Holladay, J.T.; Wang, L.; Hill, W.E. Editorial. Pursuing Perfection in IOL Calculations IV: Astigmatism
analysis, SIA and double angle plots. J. Cataract. Refract. Surg. 2018, 44, 1169–1174. [CrossRef]

22. Bland, J.M.; Altman, D.G. Mesurement error. BMJ 1996, 313, 744. [CrossRef] [PubMed]
23. Barnhart, H.X.; Barboriak, D.P. Applications of the repeatability of quantitative imaging biomarkers: A review of statistical

analysis of repeat data sets. Transl. Oncol. 2009, 2, 231–235. [CrossRef]
24. Carkeet, A. Exact parametric confidence intervals for Bland-Altman limits of agreement. Optom. Vis. Sci. 2015, 92, e71–e80.

[CrossRef]
25. Koch, D.D.; Ali, S.F.; Weikert, M.P.; Shirayama, M.; Jenkins, R.; Wang, L. Contribution of posterior corneal astigmatism to total

corneal astigmatism. J. Cataract. Refract. Surg. 2012, 38, 2080–2087. [CrossRef]
26. Lawless, M.; Jiang, J.Y.; Hodge, C.; Sutton, G.; Roberts, T.V.; Barrett, G. Total keratometry in intraocular lens power calculations in

eyes with previous laser refractive surgery. Clin. Exp. Ophthalmol. 2020, 48, 749–756. [CrossRef] [PubMed]

http://doi.org/10.3390/jcm10245789
http://doi.org/10.1155/2017/1516395
http://doi.org/10.1097/j.jcrs.0000000000000483
http://www.ncbi.nlm.nih.gov/pubmed/33252569
http://doi.org/10.1016/j.clae.2017.03.007
http://www.ncbi.nlm.nih.gov/pubmed/28342729
http://doi.org/10.2147/OPTH.S280868
http://doi.org/10.1016/j.jcrs.2018.10.033
http://doi.org/10.1016/j.ajo.2016.06.020
http://www.ncbi.nlm.nih.gov/pubmed/27320057
http://doi.org/10.1177/25158414211063283
http://www.ncbi.nlm.nih.gov/pubmed/35387236
http://doi.org/10.1097/j.jcrs.0000000000000327
http://www.ncbi.nlm.nih.gov/pubmed/32842077
http://doi.org/10.1371/journal.pone.0218144
http://doi.org/10.1097/00006324-199706000-00019
http://www.ncbi.nlm.nih.gov/pubmed/9255814
http://doi.org/10.1111/j.1475-1313.2011.00851.x
http://doi.org/10.1016/j.jcrs.2018.07.027
http://doi.org/10.1136/bmj.313.7059.744
http://www.ncbi.nlm.nih.gov/pubmed/8819450
http://doi.org/10.1593/tlo.09268
http://doi.org/10.1097/OPX.0000000000000513
http://doi.org/10.1016/j.jcrs.2012.08.036
http://doi.org/10.1111/ceo.13760
http://www.ncbi.nlm.nih.gov/pubmed/32279436

	Introduction 
	Methods 
	Biometric Measurements 
	Corneal Astigmatism Assessment 
	Statistics 

	Results 
	Discussion 
	Conclusions 
	References

