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PURPOSE: To evaluate if anterior chamber depth (ACD) and lens thickness (LT) measured by two different devices are affected by
different eye lengths.
METHODS: ACD and LT of 251 eyes (44 hyperopic, 60 myopic, 147 emmetropic) of 173 patients received with an iOCT-guided
femtosecond laser-assisted lens surgery (FLACS) and the IOL Master 700 were compared.
RESULTS: ACD measured with the IOL Master 700 was −0.026 ± 0.125mm smaller (p= 0.001) than that with the iOCT for all eye-
groups (hyperopic: p= 0.601, emmetropic: p= 0.003; myopic: p= 0.094). However, differences in all groups were not clinically
relevant. LT measurements (all eyes: −0.0642 ± 0.0504mm) shows a statistically significant difference in all evaluated groups
(p < 0.001). Only myopic eyes showed a clinically relevant difference in LT.
CONCLUSION: The two devices show no clinically relevant differences in the eye-length groups (myopic, emmetropic, and
hyperopic) for all ACD measurements. LT data shows a clinically relevant difference only for the group of myopic eyes.
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INTRODUCTION
With increasing quality expectations of patients to the refractive
result of cataract surgery, the accuracy of preoperative measure-
ments of eye parameters to calculate the power of the implanted
IOL has become more and more important [1].
The IOL Master (Zeiss Meditec, Jena, Germany) is the mostly

used device to measure anterior eye parameters and has shown a
high repeatability and agreement in comparison with other
devices [2]. While IOL calculation is often of high accuracy in eyes
with normal length (between 22 and 26mm), the situation in
hyperopic (<22mm) and myopic (>26mm) eyes is different [3, 4].
Here the results in IOL calculation are often more difficult and the
postop refraction is less precise. Many different formulas for an
optimized IOL calculation have been developed. All of them using
different anterior chamber measurements [5–7]. With the intro-
duction of the femtosecond laser technology incorporating
intraoperative OCT measurements a new intraoperative possibility
for biometry has risen. The minimal invasive surgery technique
aims to minimize the intraoperative strain and to maximize the
refractive outcome. Based on this, femtosecond laser-assisted
cataract surgery (FLACS) gets common to prevent intra- or
postoperative complications [8–10]. During FLACS the laser needs
precise positioning-data in order to perform the corneal incisions,
the capsulotomy [11] and the lens fragmentation. Therefore, just
in time before the laser treatment begins, the eye must be
measured by an intraoperative OCT (iOCT): an interface docks on

the patients´ eye to fix its position while the laser is working [12].
The femtosecond laser comprises an intraoperative OCT of the
anterior segment to guide its work.
Recently, Böhm et al. [13] published a paper where they

compared the quality of preoperative data of central corneal
thickness (CCT), ACD and LT with intraoperative data. They used
three different measurement devices: IOL Master 700 (Zeiss
Meditec, Jena, Germany), Pentacam AXL (Oculus, Wetzlar,
Germany) and iOCT (LenSx, Alcon, Fort Worth, TX, USA). The
study revealed only small differences between the devices: only
the ACD comparison between the iOCT and the Pentacam AXL
showed a clinically relevant difference. Between the IOL Master
700 and the intraoperative iOCT no clinically relevant differences
were found.
This current study investigates if different axial eye lengths (in

hyperopic, emmetropic or myopic eyes) have an impact on the
accuracy of anterior segment parameters, especially ACD and LT,
gauged by the IOL Master 700 and the iOCT of the LenSx.

MATERIALS AND METHODS
This retrospective study included patients, who underwent FLACS between
2016 and 2021 in the Department of Ophthalmology, Goethe University,
Frankfurt, Germany. The study was approved by the local ethics committee
of the Frankfurt University (Registration No. 409/17) and is in accordance
with the Helsinki Declaration. All procedures were performed by the same
surgeon (TK) with the LenSx femtosecond laser using the integrated
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intraoperative OCT (iOCT). All patients received additional anterior
segment measurements and a biometry with the IOL Master 700 before
surgery to select the required IOL power. ACD and LT measurements were
compared between the two devices with regard to differences in the data
accuracy in eyes with variable axial length (hyperopic eyes with an
AL < 22mm, emmetropic eyes with an AL between 22.1 and 26mm and
myopic eyes with more than 26mm) using Bland–Altman method. BIAS
[epsilon Verlag, Version 11.11, Germany] and SPSS [IBM, NY, USA] were
used for statistical calculations (see below).

Enrollment of participants
The data of FLACS patients were included for analysis from January 2016 to
May 2021. Inclusion criteria were complete measurements of iOCT and IOL
Master 700. Patients were excluded from the data analysis in case of
corneal pathologies, previous eye surgery or eye trauma that may affect
the measurements or if one of the measurements was in a poor quality.
Two hundred fifty-one eyes of 173 patients were enrolled in this

retrospective study. Depending on the axial length measured with IOL
Master 700 the patients were categorized as hyperopic (axial length <
22mm), emmetropic (axial length 22–26mm) or myopic (axial length
>26mm).

Examinations
Intraoperative OCT and femtosecond laser procedure. During FLACS, the
interface of the femtosecond laser (LenSx) docks to the patient’s eye using
a vacuum. When a good docking is achieved the implemented iOCT
performs a one-dimensional picture on the PC-screen where the whole
anterior part of the eye from the corneal surface to the posterior part of the
eye lens is visible. This scan allows precise planning of the corneal
incisions, capsulorhexis and lens fragmentation. All iOCT images were
saved and then used for further measurements.
All relevant parameters were measured in a defined sequence using the

image processing program FIJI (version 2.0.0 based on IMAGEJ) [14] by two
trained persons. A larger number of the iOCT pictures were double
checked to ensure reproducibility. Measurements of ACD and LT were
taken three times to ensure a high data quality in picture analysis. Here an
intraclass-correlation coefficient (ICR) of at least 0.99 was found. If the
iOCT-picture quality was poor, this patient’s eye was excluded.

IOL Master 700. Before surgery all patients received a complete eye
examination including an IOL Master 700 measurement. The IOL Master
700 measures the biometry of the eye and all relevant information for
the calculation of the IOL power (keratometry, cornea white to white
(WTW), ACD, LT). The IOL Master 700 uses a laser source with a tuneable
wavelength of 1055 nm to scan the eye and to additionally measure the
posterior surface of the cornea. This swept-source technology allows a
higher image quality leading to more accurate results. Further, the IOL

Master 700 includes a patented Cornea-to-Retina-Scan which allows a
longitudinal scan through the eye to identify untypical geometrics.

Statistical analysis. Statistical analysis was performed using BIAS 11. 11
for Windows and Microsoft Excel 2007. Considering a standard deviation
(SD) for the measurement difference between IOL Master 700 and the
iOCT of 0.14, derived from the data of Böhm et al. [13], a maximal
difference of ½ SD was assumed to be clinically significant between the
device measurements (Cohen’s d= 0.5: medium effect size). Based on
this assumption a total of 40 eyes per group were required for a
significance level (α) of 0.05 and a test power of 0.80 (BiAS for Windows,
Version 11.11).
Biometric parameters are presented as mean ± standard deviation

(SD) (t-Test for parametric and Wilcoxon-Test for non-parametric data).
To compare the two devices regarding ACD and LT the Bland–Altman
method was used. A p value less than 0.05 was considered as statistically
significant. To check the clinical relevance between two devices, a
clinically relevant difference was defined based on a meta- analysis of
Rozema et al. [15] for the external ACD of ±0.085 mm and for the lens
thickness ±0.085 mm, which was transferred since the lens has a
comparable size as the ACD. If the 95% confidence interval of the mean
difference is within the defined range, here the above mentioned ±
0.085 mm, the two devices will be seen as clinically equivalent.
Additionally, after the data acquisition, a power calculation of the

Bland–Altman’s method comparison between IOL Master 700 and the
LenSx iOCT showed a statistical power of 0.955.
To examine the possible problem of inter-collinearity between the

eyes of one patient a further analysis was performed only including one
eye per patient. Here, the right or left eye was randomly selected.

RESULTS
All data is described in detail in Tables 1–5. The statistic for just
one eye per patient showed similar results compared to all
existing eyes (Tables 3 and 4).
Briefly, in this retrospective study 251 eyes (47.4% right eyes) of

173 patients (47.4% female) were included for analysis. The mean
age of all patients was 63.7 (± 12.9) years, median 66 years, range
23–89 years.
The hyperopic group contains 44 eyes, the emmetropic group

147 eyes and the myopic group 60 eyes. The mean and median
age of the hyperopic and myopic group was significantly lower
than in the emmetropic group. It must be taken into account that
people with larger hyperopia or myopia have more psychological
strain to alter their refractive situation and are mostly rather
willing to let perform a clear lens exchange (Table 1).

Table 1. Baseline characteristics of study participants.

Each eye per patient

All eyes Hyperopic Emmetropic Myopic

N 251 44 147 60

Eye [right] 124 (49.4%) 23 (52.3%) 70 (47.6%) 31 (51.7%)

Just one eye per patient

All eyes Hyperopic Emmetropic Myopic

N 173 31 98 44

Sex [female] 82 (47.4%) 17 (54.8%) 43 (43.9%) 22 (50%)

Eye [right] 82 (47.4%) 18 (58.1%) 42 (42.9%) 22 (50%)

Age [years] Mean 63.7 57.7 67.9 58.1

±SD 12.850 12.740 12.340 10.120

Min. 23 23 25 30

Max. 89 81 89 78

Median 66 56 71 57

N numbers, SD standard deviation, min minimum, max maximum.
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The IOL Master data showed, as to expect clinically, that the
mean ACD was statistically significant smaller in the hyperopic
group than in the emmetropic group or in the myopic group.
Regarding the mean of the LT data only a statistically significant
difference between the hyperopic and myopic group was seen
(Tables 2 and 3).

Comparison of the two devices
For all 251 eyes together, without regarding the axial eye-length,
for ACD the IOL Master 700 measures 3.16 ± 0.393mm and the
iOCT 3.19 ± 0.376mm. For LT the IOL Master 700 measured
4.49 ± 0.374 mm and the iOCT 4.55 ± 0.373mm (Table 2).
For ACD between the devices there was a statistically significant

difference when all eyes were analyzed. Looking at the subgroups,
there was a significant difference for the emmetropic eyes group
(p= 0.003) respectively a trend toward significance (P= 0.058),
when only one eye per patient is included. Regarding the LT
between the two devices there was for all eyes together and for all
subgroups a statistically significant difference.

The Bland–Altman (BA) statistics for ACD showed a mean
difference of −0.0258 ± 0.1246 mm and for LT a mean differ-
ence of −0.0643 ± 0.0549 mm, indicating that the iOCT mea-
sures the ACD and LT a little longer than the IOL Master 700. For
all eyes together, without attending subgroups, neither for
ACD nor LT, there was a statistically but no clinically
relevant difference between the data of the two devices
(Tables 4 and 5).

Comparison of parameters in the hyperopic group
In this group with short axial eye-length for ACD the IOL Master
700 measured 2.83 ± 0.394mm and the iOCT 2.84 ± 0.362 mm. For
LT the IOL Master data was 4.58 ± 0.382 mm and for the iOCT
4.63 ± 0.389 mm (Table 2).
In BA-analysis the mean difference between IOL Master and iOCT

for ACD was −0.0118 ± 0.1478mm and for LT −0.0491 ± 0.0397mm,
meaning that the iOCT measures higher values for both parameters,
thus deeper ACD and thicker lenses. For ACD there was neither a
statistically nor a clinically relevant difference and for LT there

Table 2. ACD and LT data of all groups for the two devices: 700 vs. iOCT.

700 iOCT 700 iOCT 700 iOCT 700 iOCT

All eyes All eyes Hyperopic Hyperopic Emmetropic Emmetropic Myopic Myopic

Each eye per patient

ACD

Mean 3.16 3.19 2.83 2.84 3.16 3.19 3.41 3.43

± SD 0.393 0.376 0.394 0.362 0.369 0.351 0.245 0.218

Min. 1.85 2.01 1.85 2.09 2.04 2.01 2.87 2.90

Max. 4.00 3.96 3.48 3.49 4.00 3.96 3.99 3.78

Median 3.17 3.21 2.88 2.88 3.14 3.18 3.44 3.47

N 251 251 44 44 147 147 60 60

Just one eye per patient

ACD

Mean 3.17 3.19 2.84 2.84 3.16 3.19 3.41 3.43

± SD 0.402 0.387 0.383 0.355 0.385 0.372 0.267 0.223

Min. 1.85 2.01 1.85 2.09 2.04 2.01 2.87 2.90

Max. 4.00 3.96 3.48 3.47 4.00 3.96 3.99 3.76

Median 3.17 3.22 2.86 2.90 3.15 3.21 3.42 3.49

N 173 173 31 31 98 98 44 44

Each eye per patient

LT

Mean 4.49 4.55 4.58 4.63 4.49 4.55 4.41 4.50

± SD 0.374 0.373 0.382 0.389 0.404 0.400 0.623 0.274

Min. 3.43 3.49 3.77 3.79 3.43 3.49 3.74 3.84

Max. 5.65 5.69 5.26 5.32 5.65 5.69 4.98 5.06

Median 4.49 4.57 4.62 4.71 4.52 4.61 4.39 4.53

N 251 251 44 44 147 147 60 60

Just one eye per patient

LT

Mean 4.50 4.56 4.58 4.62 4,51 4,57 4.41 4.50

± SD 0.393 0.390 0.404 0.416 0,423 0,418 0.298 0.295

Min. 3.43 3.49 3.77 3.79 3,43 3,49 3.74 3.84

Max. 5.65 5.69 5.26 5.32 5,65 5,69 4.98 5.06

Median 4.49 4.57 4.65 4.74 4,54 4,62 4.37 4.51

N 173 173 31 31 98 98 44 44

ACD anterior chamber depth, LT length thicknessm 700 IOL Master 700, iOCT intraoperative OCT of the LenSx, N numbers, SD standard deviation, min
minimum, max maximum.
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was only a statistically but no clinically relevant difference
between the two devices (Tables 4 and 5).

Comparison of parameters in the emmetropic group
In this group with normal axial eye-length for ACD the IOL Master
700 measured 3.16 ± 0.369 mm and the iOCT 3.19 ± 0.351 mm. For
LT the IOL Master data determined 4.49 ± 0.404 mm and the iOCT
4.55 ± 0.400mm (Table 2).
In BA-analysis the mean difference between IOL Master

and iOCT for ACD was −0.0294 ± 0.1176 mm and for LT
−0.0583 ± 0.0391mm, meaning the iOCT measured higher values
for both parameters, thus a deeper ACD and thicker lenses. For
ACD there was a statistically significant difference when all eyes
were analyzed and a trend towards significance only when one
eye per patient was considered. For all and just one eye per
patient no clinically relevant difference was found. For LT there
was only a statistically but no clinically relevant difference
between the two devices (Tables 4 and 5).

Comparison of parameters in the myopic group
In this group with long axial eye-length for ACD the IOL Master
700 measured 3.41 ± 0.245mm and the iOCT 3.43 ± 0.218 mm. For
LT the IOL Master showed values of 4.41 ± 0.623mm and the iOCT
of 4.50 ± 0.274mm (Table 2).
In BA-analysis the mean difference between IOL Master and

iOCT for ACD was −0.0272 ± 0.1235 mm (−0.0261 ± 0.1284mm)
and for LT −0.0903 ± 0.083 mm (−0.0898 ± 0.068mm), meaning
that the iOCT measured higher values, thus deeper ACD and
thicker lenses. For ACD there was neither a statistically significant
nor a clinically relevant difference. However, in myopic eyes
group, for LT there was a statistically significant and a clinically
relevant difference between the two devices (Tables 4 and 5).

DISCUSSION
The expectations on the quality and refractive results of cataract
surgeries are rising steadily. This leads to the continuous

Table 3. P-data of the statistical comparison of mean ± SD (t-Test) for the parameter: age, ACD and LT.

Just one eye per patient

Age vs. hyperopia vs. myopia

Emmetropia <0.0001 <0.0001

Hyperopia 0.9021

IOL Master 700:

Just one eye per patient Each eye per patient

ACD vs. hyperopia vs. myopia vs. hyperopia vs. myopia

Emmetropia <0.0001 <0.0003 <0.0001 <0.0001

Hyperopia <0.0001 <0.0001

LT vs. hyperopia vs. myopia vs. hyperopia vs. myopia

Emmetropia 0.41200 0.10490 0.18582 0.11183

Hyperopia 0.04897 0.01472

ACD anterior chamber depth, LT lens thickness, SD standard deviation.
Bold values denote statistically significant results.

Table 4. Bland–Altman statistics between IOL Master 700 and iOCT for the ACD- and LT-parameter.

N Mean difference ± SD Test of device difference CI for mean difference

Each eye per patient

ACD All eyes 251 −0.0258 ± 0.1246 0.00119 −0.0413/−0.0103

Hyperopic 44 −0.0118 ± 0.1487 0.60078 −0.057/0.0334

Emmetropic 147 −0.0294 ± 0.1176 0.00289 −0.0486/−0.0102

Myopic 60 −0.0272 ± 0.1235 0.09369 −0.0591/0.0047

LT All Eyes 251 −0.0643 ± 0.0549 <0.0001 −0.0712/−0.0575

Hyperopic 44 −0.0491 ± 0.0397 <0.0001 −0.0612/−0.037

Emmetropic 147 −0.0583 ± 0.0391 <0.0001 −0.0647/−0.0519

Myopic 60 −0.0903 ± 0.083 <0.0001 −0.1118/−0.0689

Just one eye per patient

ACD All eyes 173 −0.0210 ± 0.1317 0.03760 −0.0407/−0.0012

Hyperopic 31 −0.0023 ± 0.153 0.93504 −0.0584/0.0538

Emmetropic 98 −0.0246 ± 0.1268 0.05781 −0.05/0.0008

Myopic 44 −0.0261 ± 0.1284 0.18399 −0.0652/0.0129

LT All eyes 173 −0.0642 ± 0.0504 <0.0001 −0.0718/−0.0567

Hyperopic 31 −0.0452 ± 0.0424 <0.0001 −0.0607/−0.0296

Emmetropic 98 −0.0588 ± 0.0381 <0.0001 −0.0664/−0.0511

Myopic 44 −0.0898 ± 0,068 <0.0001 −0.1105/−0.0691

ACD anterior chamber depth, LT lens thickness, N numbers, SD standard deviation, CI confidence interval.
Bold values denote statistically significant results.
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development and improvement of more precise measuring
techniques of the anterior eye parameters (keratometry on the
anterior and posterior surface of the cornea, ACD, LT and
biometry) like IOL Master 700, Pentacam AXL or intraoperative
OCTs and to safer surgery methods like FLACS.
Although the currently used techniques of biometry machines

(interferometry, swept-source OCT, Scheimpflug photography
and iOCT) show a high measurement quality, differences
between the devices are known and especially the situation
with shorter or longer eyes is challenging [16–19]. Beyond that,
the expectations of the accuracy of IOL power calculation
formulas, especially in longer and shorter axial eye lengths, are
increasing [5, 20–23]. In consideration of the fact that in clinical
practice, mostly “only” one device will be used, it is useful to be
aware of possible measurement differences. Recently, it was
shown in a study comparing three devices (IOL Master 700,
Pentacam AXL and the LenSx iOCT) that in the comparison of
the IOL Master 700 vs. the iOCT for the ACD (0.011 ± 0.126,
P= 0.389) and LT (−0.051 ± 0.089, P < 0.001) parameter no
clinically relevant differences and only statistically significant
differences for the LT were found [13].
This study investigates possible measurement differences of

the anterior chamber depth (ACD) and lens thickness (LT)
between an iOCT of the LenSx femtosecond laser and a swept-
source OCT (IOL Master 700) with special attention to measure-
ment differences that might exist between shorter and longer
eyes. To our knowledge this is the first study where these
biometry devices are compared to each other differentiating
between hyperopic, emmetropic and myopic eyes.
The common demographic data is displayed in Table 1. Looking

at the age distribution of the groups with different axial eye
lengths, we found that the hyperopic and myopic group was
normally distributed, whereas the emmetropic group was not. The
mean and median age of the hyperopic and myopic group was
significantly lower than in the emmetropic group. Here we must
take into account that people with larger hyperopia or myopia
have more psychological strain to alter their refractive situation
and are earlier willing to let perform a clear lens exchange.
Regarding the research question of our study (measuring value
comparison), the inhomogeneous age distribution between the
subgroups (hyperopic, emmetropic or myopic) does not play a
role, because the same eye was measured with two different
devices to analyze measurement differences.
A consideration of the frequently used data of the IOL Master

data showed typical results for ACD, where the mean was
(statistically significant) smaller in the hyperopic group than in the
emmetropic group or in the myopic group. The LT data only

revealed a statistically significant difference between the hypero-
pic and myopic group (Tables 2 and 3).
First, analyzing all eyes together without considering the different

axial eye lengths, we find that for ACD the IOL Master 700 measures
3.16 ± 0.393mm (3.17 ± 0.402mm) and the iOCT 3.19 ± 0.376mm
(3.19 ± 0.387mm). For LT the IOL Master 700 measured
4.49 ± 0.374mm (4.50 ± 0.393mm) and the iOCT 4.55 ± 0.373mm
(4.56 ± 0.390mm) (Table 2). The Bland- Altman analysis of all
eyes together, showed a mean difference between the devices
of −0.0258 ± 0.1246mm (P= 0.00119) ((−0.0210 ± 0.1317mm)
(P= 0.03760)) for the ACD and −0.0643 ± 0.0549mm (P< 0.0001)
((−0.0642 ± 0.0504mm) (P< 0.0001)) for the LT. Comparing our data
with results of Böhm et al. [13], who reported a mean difference for
ACD of 0.011 ± 0.126mm (P= 0.3889) and for LT −0.051 ± 0.089mm
(P< 0.001) between the same devices, we found similar results for
the LT-parameter. However, in our study the iOCT measures a deeper
ACD than the IOL Master (−0.0258 ± 0.1246 (P< 0,01)). In 2021 a
study of Tana-Sanz et al. [24] compared the intraoperative SD-OCT of
the Catalys femtosecond laser with the IOL Master 700 and found
statistically significant differences for ACD, LT and other parameters.
The mean difference between the devices for LT ranged from −0.02
to −0.08mm, and can be interpreted as “quite similar”, and is in line
with our data, except our finding of a clinically relevant difference for
LT in myopic eyes. For the ACD parameter Tana-Sanz et al.
mentioned a larger difference between the intraoperative SD-OCT
and the SS-OCT in the IOL Master 700.
In principle, there is no consistent explanation for the

measuring difference. It could be presumed, that the suction
process during FLACS and the different measuring positions of the
devices (sitting position at the IOL Master and a lying patient at
the iOCT) could be effective. Pahlitzsch et al. [25] showed that the
ACD in FLACS is statistically significantly larger than the ACD in
“normal” phacoemulsification (4.05 vs. 3.77 mm, p= 0.023). Also,
in a prior study by Sel et al. [26], where the IOL Master 700 was
compared to other devices like the Pentacam AXL, the ACD was
measured significantly higher (p < 0.001) by the other devices than
by the IOL Master. The difference between the two studies is off
the range of clinical relevance. The finding that FLACS is leading to
a higher ACD could be explained by an effect of the suction
process. Additionally, the suction process could minimize the
scleral traction on the zonula fibers, having an effect on the lens
leading to a rounding of the lens, thus enlarge the LT.

Differences between the subgroups (hyperopia, emmetropia
and myopia)
A consideration of the clinically often used IOL Master showed
typical results for the different eye-length groups regarding ACD

Table 5. Statistical and clinical relevance of the device comparison by Bland–Altman method.

700 vs. iOCT Each eye per patient Just one eye per patient

Statistical relevance Clinical relevance Statistical relevance Clinical relevance

P P

ACD All eyes 0.0012 - 0.0376 -

Hyperopic 0.6008 - 0.9350 -

Emmetropic 0.0029 - 0.0578 -

Myopic 0.0937 - 0.1840 -

LT All eyes <0.0001 - <0.0001 -

Hyperopic <0.0001 - <0.0001 -

Emmetropic <0.0001 - <0.0001 -

Myopic <0.0001 + <0.0001 +

700 IOL Master 700, iOCT intraoperative OCT of the LenSx femtosecond laser, ACD anterior chamber depth, LT lens thickness.
Bold values denote statistically significant results.
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and LT (IOL Master 700 data in Table 2): as generally recognized,
the ACD was smaller in hyperopic eyes in contrast to emmetropic
or myopic eyes. In relation to LT, there was no significant
difference between emmetropic eyes vs. hyperopic or myopic
eyes, but a slightly statistically significance between hyperopic vs.
myopic eyes, where LT in hyperopic eyes is showing a trend
towards higher measurements (Table 3).
The Bland–Altman analysis (Table 4) showed for both

parameters (ACD and LT), independent of axial eye-length, for
the IOL Master 700 that it measures flatter than the iOCT. For
ACD the mean difference between the two devices was
statistically significant only for all eyes together (P= 0.00119)
(P= 0.03760), whereas in the subgroups, only a statistically
significance for all emmetropic eyes together and, if just one eye
per patient was analyzed, a trend towards significance was seen.
For LT there was a statistically significance for all groups, but a
clinical relevance was only found for the myopic eye subgroup
(Table 5).
Here, for myopic eyes there was a clinically relevant difference

between the measurement data of the IOL Master 700 and the
iOCT, where the iOCT provides thicker lenses. Emanating from
these thicker measured lenses with the iOCT, this, in FLACS, should
receive attention: if the LT is really smaller than measured by the
iOCT, the surgeon has to be aware of the minimal chosen distance
for the femtosecond laser exposition to the posterior capsule in
order not to endanger their integrity.
Although most of the measurement differences are small and

not clinically relevant for IOL calculations, they could become
relevant regarding ICL calculation and size selection.
The main limitation of this study is its retrospective nature.

However, this limitation is not that relevant due to the fact that
only healthy eyes, without a prior history of eye surgeries,
traumata or other (severe) ocular pathologies, were used for
analysis. Secondly, the devices are measuring in different patient
positions (sitting / lying) what could impact the shape of the
anterior segment of the eye. Furthermore, the iOCT measure-
ments-since they were taken direct at the beginning of the
FLACS-could not be repeated, meaning that no statement to
the reproducibility is possible. Though, the postoperative evalua-
tion of the iOCT pictures itself showed a high interclass-
correlation-coefficient.
Our study shows that iOCT measurements of ACD and LT during

FLACs are in the majority of cases very good comparable to IOL
Master 700 measurements. Clinically relevant differences were
only found in myopic eyes, where the iOCT measures in the mean
a larger LT. Here, special care is needed to interpret the iOCT data
of the LT in myopic eyes and further investigations are useful to
improve the predictability.
If the iOCT data during FLACS would be combined with a

biometry device, it could be possible to accomplish also an
intraoperative IOL calculation. In an interim time, parallel both
devices (iOCT and IOL Master) could be used, given the possibility
to double check each other and improve the accuracy of IOL
selection. Maybe, someday, we are able to resign the necessity of
preoperative biometry and IOL calculation.

SUMMARY

What was known before

● Intraoperative OCTs are increasingly used in FLACS. Previous
comparisons found only a statistically significant difference for
the LT measurement but no clinically relevant differences
between the LenSx iOCT and the swept-source OCT (IOL
Master 700) regarding the ACD and LT.

What this study adds

● Compared to the IOL Master 700, the intraoperative OCT is
measuring in the mean always larger values for the ACD- and
LT-parameter. Although statistically significant for all eyes
together, clinically relevant differences were only found for
the LT-parameter in myopic eyes.

● It should be critically considered if iOCT measurements could
be embedded in an intraoperative IOL calculation.

DATA AVAILABILITY
The datasets generated and/or analyzed during the current study are available from
the corresponding author on reasonable request.

REFERENCES
1. Böhm M, Petermann K, Hemkeppler E, Kohnen T. Defocus curves of 4 presbyopia-

correcting IOL designs: Diffractive panfocal, diffractive trifocal, segmental
refractive, and extended-depth-of-focus. J Cataract Refract Surg.
2019;45:1625–36. https://doi.org/10.1016/j.jcrs.2019.07.014.

2. Shajari M, Cremonese C, Petermann K, Singh P, Müller M, Kohnen T. Comparison
of axial length, corneal curvature, and anterior chamber depth measurements of
2 recently introduced devices to a known biometer. Am J Ophthalmol.
2017;178:58–64. https://doi.org/10.1016/j.ajo.2017.02.027.

3. Bang S, Edell E, Yu Q, Pratzer K, Stark W. Accuracy of intraocular lens calculations using
the IOLMaster in eyes with long axial length and a comparison of various formulas.
Ophthalmology. 2011;118:503–6. https://doi.org/10.1016/j.ophtha.2010.07.008.

4. Steinwender G, Schwarz L, Böhm M, Slavik-Lencova A, Hemkeppler E, Shajari M,
et al. Visual results after implantation of a trifocal intraocular lens in high myopes. J
Cataract Refract Surgery. 2018;44:680–5. https://doi.org/10.1016/j.jcrs.2018.04.037.

5. Hoffer KJ, Savini G. IOL power calculation in short and long eyes. Asia Pac J
Ophthalmol. 2017;6:330–1. https://doi.org/10.22608/APO.2017338.

6. Savini G, Taroni L, Hoffer KJ. Recent developments in intraocular lens power
calculation methods—update 2020. Ann Transl Med. 2020;8:1553–1553. https://
doi.org/10.21037/atm-20-2290.

7. Cooke DL, Cooke TL. Comparison of 9 intraocular lens power calculation formulas. J
Cataract Refract Surg. 2016;42:1157–64. https://doi.org/10.1016/j.jcrs.2016.06.029.

8. Chen M, Swinney C, Chen M. Comparing the intraoperative complication rate of
femtosecond laser-assisted cataract surgery to traditional phacoemulsification. Int J
Ophthalmol. 2015;8:201–3. https://doi.org/10.3980/j.issn.2222-3959.2015.01.34.

9. Ye Z, Li Z, He S. A meta-analysis comparing postoperative complications and
outcomes of femtosecond laser-assisted cataract surgery versus conventional
phacoemulsification for cataract. J Ophthalmol. 2017;2017:3849152 https://
doi.org/10.1155/2017/3849152.

10. Kolb CM, Shajari M, Mathys L, Herrmann E, Petermann K, Mayer WJ, et al. Com-
parison of femtosecond laser-assisted cataract surgery and conventional cataract
surgery: a meta-analysis and systematic review. J Cataract Refract Surg.
2020;46:1075–85. https://doi.org/10.1097/j.jcrs.0000000000000228.

11. Kohnen T. Femtosecond laser capsulotomy. J Cataract Refract Surgery.
2014;40:1947–8. https://doi.org/10.1016/j.jcrs.2014.10.022.

12. Kohnen T. Interface for femtosecond laser-assisted lens surgery. J Cataract Refract
Surg 2013;39:491–2. https://doi.org/10.1016/j.jcrs.2013.02.033.

13. Böhm M, Müller M, Paul J, Hemkeppler E, Kohnen T. Intraoperative OCT versus
Scheimpflug and Swept-Source OCT measurements for anterior eye parameters. J
Cataract Refract Surg. 2021. https://doi.org/10.1097/j.jcrs.0000000000000813.

14. Schindelin J, Arganda-Carreras I, Frise E, Kaynig V, Longair M, Pietzsch T, et al. Fiji:
an open-source platform for biological-image analysis. Nat Methods.
2012;9:676–82. https://doi.org/10.1038/nmeth.2019.

15. Rozema JJ, Wouters K, Mathysen DGP, Tassignon M-J. Overview of the repeat-
ability, reproducibility, and agreement of the biometry values provided by var-
ious ophthalmic devices. Am J Ophthalmol. 2014;158:1111–1120.e1. https://
doi.org/10.1016/j.ajo.2014.08.014.

16. Shajari M, Lehmann UC, Kohnen T. Comparison of corneal diameter and anterior
chamber depth measurements using 4 different devices. Cornea. 2016;35:838–42.
https://doi.org/10.1097/ICO.0000000000000840.

17. Muzyka-Woźniak M, Oleszko A. Comparison of anterior segment parameters and
axial length measurements performed on a Scheimpflug device with biometry
function and a reference optical biometer. Int Ophthalmol. 2019;39:1115–22.
https://doi.org/10.1007/s10792-018-0927-x.

M. Müller et al.

3365

Eye (2023) 37:3360 – 3366

https://doi.org/10.1016/j.jcrs.2019.07.014
https://doi.org/10.1016/j.ajo.2017.02.027
https://doi.org/10.1016/j.ophtha.2010.07.008
https://doi.org/10.1016/j.jcrs.2018.04.037
https://doi.org/10.22608/APO.2017338
https://doi.org/10.21037/atm-20-2290
https://doi.org/10.21037/atm-20-2290
https://doi.org/10.1016/j.jcrs.2016.06.029
https://doi.org/10.3980/j.issn.2222-3959.2015.01.34
https://doi.org/10.1155/2017/3849152
https://doi.org/10.1155/2017/3849152
https://doi.org/10.1097/j.jcrs.0000000000000228
https://doi.org/10.1016/j.jcrs.2014.10.022
https://doi.org/10.1016/j.jcrs.2013.02.033
https://doi.org/10.1097/j.jcrs.0000000000000813
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1016/j.ajo.2014.08.014
https://doi.org/10.1016/j.ajo.2014.08.014
https://doi.org/10.1097/ICO.0000000000000840
https://doi.org/10.1007/s10792-018-0927-x


18. Srivannaboon S, Chirapapaisan C, Chonpimai P, Loket S. Clinical comparison of a
new swept-source optical coherence tomography-based optical biometer and a
time-domain optical coherence tomography-based optical biometer. J Cataract
Refract Surg. 2015;41:2224–32. https://doi.org/10.1016/j.jcrs.2015.03.019.

19. Chan TCY, Wan KH, Tang FY, Wang YM, Yu M, Cheung C. Repeatability and agree-
ment of a swept-source optical coherence tomography-based biometer IOLMaster
700 versus a scheimpflug imaging-based biometer AL-Scan in cataract patients. Eye
Contact Lens. 2020;46:35–45. https://doi.org/10.1097/ICL.0000000000000603.

20. Kane JX, Chang DF. Intraocular lens power formulas, biometry, and intraoperative
aberrometry: a review. Ophthalmology. 2021;128:e94–e114. https://doi.org/
10.1016/j.ophtha.2020.08.010.

21. Darcy K, Gunn D, Tavassoli S, Sparrow J, Kane JX. Assessment of the accuracy of
new and updated intraocular lens power calculation formulas in 10 930 eyes from
the UK National Health Service. J Cataract Refract Surg. 2020;46:2–7. https://
doi.org/10.1016/j.jcrs.2019.08.014.

22. Melles RB, Holladay JT, Chang WJ. Accuracy of intraocular lens calculation formulas.
Ophthalmology. 2017;125:169–78. https://doi.org/10.1016/j.ophtha.2017.08.027.

23. Olsen T. Calculation of intraocular lens power: a review. Acta Ophthalmol Scand.
2007;85:472–85. https://doi.org/10.1111/j.1600-0420.2007.00879.x.

24. Tañá-Sanz P, Ruiz-Santos M, Rodríguez-Carrillo MD, Aguilar-Córcoles S, Montés-
Micó R, Tañá-Rivero. Agreement between intraoperative anterior segment
spectral-domain OCT and 2 swept-source OCT biometers. Expert Rev Med
Devices. 2021;18:387–93. https://doi.org/10.1080/17434440.2021.1905518.

25. Pahlitzsch M, Torun N, Pahlitzsch ML, Klamann MKJ, Gonnermann J, Bertelmann
E, et al. Impact of the femtosecond laser in line with the femtosecond laser-
assisted cataract surgery (FLACS) on the anterior chamber characteristics in
comparison to the manual phacoemulsification. Semin Ophthalmol.
2017;32:456–61. https://doi.org/10.3109/08820538.2015.1119859.

26. Sel S, Stange J, Kaiser D, Kiraly L. Repeatability and agreement of Scheimpflug-
based and swept-source optical biometry measurements. Cont Lens Anterior Eye.
2017;40:318–22. https://doi.org/10.1016/j.clae.2017.03.007.

AUTHOR CONTRIBUTIONS
Conceptualization: TK, MM, and MB; Methodology: MB, MM, and EH; Data Acquisition:
JP, CW, and KP; Data Analysis: MM, CW, JP, EH, and MB; Data Interpretation: MM, CW,
JP, EH, KP, and MB. All authors discussed the results and contributed to the final
manuscript.

FUNDING
Open Access funding enabled and organized by Projekt DEAL.

COMPETING INTERESTS
JP and EH have no financial interests to disclose. MB: Consultant for Alcon/Novartis.
MM: Consultant for Alcon/Novartis, Thea, Allergan. TK: Consultant and Research for:
Abbott/J&J, Alcon/Novartis, Avedro, Oculentis, Oculus, Presbia, Schwind, Zeiss.
Consultant for: Allergan, Bausch & Lomb, Dompé, Geuder, Med Update, Merck,
Rayner, Santen, Staar, Tear Lab, Théa, Thieme, Ziemer. Research for: Hoya.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Thomas Kohnen.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

M. Müller et al.

3366

Eye (2023) 37:3360 – 3366

https://doi.org/10.1016/j.jcrs.2015.03.019
https://doi.org/10.1097/ICL.0000000000000603
https://doi.org/10.1016/j.ophtha.2020.08.010
https://doi.org/10.1016/j.ophtha.2020.08.010
https://doi.org/10.1016/j.jcrs.2019.08.014
https://doi.org/10.1016/j.jcrs.2019.08.014
https://doi.org/10.1016/j.ophtha.2017.08.027
https://doi.org/10.1111/j.1600-0420.2007.00879.x
https://doi.org/10.1080/17434440.2021.1905518
https://doi.org/10.3109/08820538.2015.1119859
https://doi.org/10.1016/j.clae.2017.03.007
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Anterior eye parameters and lens thickness measured by an intraoperative OCT and a swept-source OCT: comparison of hyperopic, emmetropic and myopic eyes
	Introduction
	Materials and methods
	Enrollment of participants
	Examinations
	Intraoperative OCT and femtosecond laser procedure
	IOL Master 700
	Statistical analysis


	Results
	Comparison of the two devices
	Comparison of parameters in the hyperopic group
	Comparison of parameters in the emmetropic group
	Comparison of parameters in the myopic group

	Discussion
	Differences between the subgroups (hyperopia, emmetropia and myopia)

	Summary
	References
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




