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Abstract 

Purpose  Measurement of corneal endothelial cells is critical for postoperative evaluation of phakic intraocu-
lar lens (pIOL) surgery. However, inter-instrument differences in corneal endothelial cell density (ECD) after pIOL 
implantation have not yet been reported. This study aimed to compare automated corneal endothelial cell analysis 
between CellChek-20 (Konan Medical, Hyogo, Japan) and EM-4000 (Tomey, Nagoya, Japan) in healthy and postopera-
tive eyes with pIOL.

Methods  We retrospectively analyzed 154 healthy and 236 postoperative eyes after pIOL surgery. Endothelial cell 
measurements were performed using CellChek-20 and EM-4000 with autofocusing and automated image analysis. 
ECD, percentage of hexagonal cells (HEX), coefficient of variation in cell size (CoV), and central corneal thickness (CCT) 
were compared between the two devices.

Results  The ECDs of the two devices were highly correlated in both healthy (Spearman’s correlation coefficient 
[r] = 0.805; p < 0.001) and postoperative (r = 0.901; p < 0.001) groups. ECD from CellChek-20 was higher than EM-4000 
in both healthy (mean difference = 228.9 cells/mm2; p < 0.001) and postoperative (mean difference = 115.6 cells/mm2; 
p < 0.001) groups. The CCT values also showed a strong correlation in healthy eyes (r = 0.974; p < 0.001) and in postop-
erative eyes (r = 0.936; p < 0.001); however, significant inter-instrument differences were observed. HEX and CV showed 
significant differences and relatively weak correlations (r < 0.7) between the two devices in both healthy and postop-
erative groups.

Conclusion  The ECD values between the two instruments were correlated, but that of the CellChek-20 was signifi-
cantly higher than that of the EM-4000 in both healthy and postoperative eyes after pIOL surgery. Most previous 
studies have also shown that the Konan software overestimated the ECD compared to other products in automatic 
measurement mode. The possibility of measurement bias should be considered when replacing equipment used 
for corneal endothelial cell measurements.

Keywords  Corneal endothelial cell, Endothelial cell density, Comparison, Phakic intraocular lens

*Correspondence:
Tae Keun Yoo
eyetaekeunyoo@gmail.com; fawoo2@yonsei.ac.kr
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-024-03590-8&domain=pdf
http://orcid.org/0000-0003-0890-8614


Page 2 of 11Choi et al. BMC Ophthalmology          (2024) 24:318 

Introduction
Corneal endothelial cells, which cover the posterior cor-
nea in a honeycomb pattern, play an important role in 
regulating corneal hydration and maintaining transpar-
ency [1]. If their function in pumping into the cornea is 
abnormal, the cornea swells and becomes pathologically 
opaque. When an extreme decrease in corneal endothe-
lial cell density occurs owing to trauma or inflammation, 
its regulatory function cannot compensate for the passive 
leakage of corneal hydration. Because corneal endothe-
lial cells do not regenerate, corneal transplantation is 
required in the event of severe pathological damage [2].

The morphological appearance of corneal endothelial 
cells is closely related to their functions [3]. The mor-
phology and number of corneal endothelial cells can be 
determined using a specular microscope. Previously, 
examiners had to manually read specular microscopic 
images. Recently, autofocusing specular microscopy and 
automated image analysis systems have been widely used 
because they provide fast calculations of morphological 
factors, including endothelial cell density (ECD), vari-
ation in cell size (CoV), and hexagonality (HEX). There 
are two main algorithms for measuring ECD: the “bor-
der method”, which extracts the boundaries of cells, and 
the “center method”, which estimates cell centers based 
on the cell boundaries [4]. Both methods have reported 
accurate and reliable measurement results [5, 6]. Because 
the “center method” was approved by US FDA through 
clinical trials [7], most manufacturers have used this 
method to evaluate ECD in both automated or semi-
automated calculation modes. However, ECD measure-
ment results vary from manufacturer to manufacturer 
depending on the camera, image processing method, and 
analysis range. Several studies have reported significant 
variations in ECD measurements among instruments [8, 
9]. It has been reported that pathological corneas that 
had undergone keratoplasty showed larger ECD variation 
than healthy corneas [10, 11].

The stability of corneal endothelial cells is the most 
important factor in phakic intraocular lens implanta-
tion (pIOL), such as the posterior chamber implant-
able collamer lens (ICL) or the anterior chamber IOL 
[12, 13]. Severe endothelial cell loss is a major cause of 
IOL removal after pIOL [14, 15]. Therefore, regular fol-
low-up of endothelial cells after pIOL implantation has 
been emphasized. However, no study has investigated 
the variation in corneal endothelial cell measurements 
between noncontact specular microscopy instruments 
for postoperative corneas with a pIOL. Specifically, if 
endothelial cells are measured using different equipment 
at each follow-up visit, significant ECD changes due to 
variations between instruments can lead to incorrect 
interpretations.

Various specular microscopy devices are available from 
various manufacturers. EM-4000 (Tomey, Nagoya, Japan) 
and CellChek-20 (Konan Medical, Hyogo, Japan) are 
advanced non-contact specular microscopes with auto-
mated image analysis systems. A comparison of these 
two instruments in eyes with pIOL is necessary, because 
they have been widely used to evaluate corneal endothe-
lial cells in patients with pIOL [12, 16]. In this study, we 
compared endothelial cell measurements from EM-4000 
and CellChek-20 in both healthy and postoperative eyes 
with pIOL.

Methods
Patient selection
In this cross-sectional study, we retrospectively ana-
lyzed 154 healthy eyes of 77 subjects and 236 postopera-
tive eyes of 118 subjects after IOL surgery. We collected 
data on healthy eyes with no surgical history and post-
operative eyes that had undergone pIOL from patients 
who visited the B&VIIT Eye Center (Seoul, South Korea) 
between May and July 2023. The inclusion criteria for this 
study were age between 18 and 40 years and availability 
of corneal endothelial cell evaluation results using both 
instruments. The pIOL group included eyes with phakic 
IOL surgeries using Artisan, Artiflex (Ophtec, Gronin-
gen, Netherlands), ICL V4, or EVO-ICL (STAAR, Surgi-
cal, Nidau, Switzerland) of patients undergoing follow-up 
between 6 months and 15 years after surgery. Patients 
with corneal opacity, inflammatory ocular disease, or 
angle-closure glaucoma were excluded.

This study was approved by the Institutional Review 
Board of the Korean National Institute for Bioethics 
Policy (KNIBP; no. 2023–0860-001), which waived the 
requirement for informed consent. All research methods 
were performed in accordance with the Declaration of 
Helsinki and KNIBP guidelines.

Measurements
All healthy subjects were evaluated during routine pre-
operative examinations, and all postoperative patients 
were evaluated during routine postoperative exami-
nations for pIOL. Corneal endothelial cell indices, 
including central ECD, CoV, HEX, and central corneal 
thickness (CCT) were evaluated using Tomey EM-4000 
and Konan CellChek-20 specular microscopy instru-
ments on the same day. Both Tomey’s EM series and 
Konan’s CellChek series are representative endothelial 
calculation tools based on the "center method" [5, 17]. 
The “center method” and fully automated modes, which 
were set as default for both instruments, were used [18]. 
To capture the center of the cornea, the patient was asked 
to focus on the central fixation target during the exami-
nation. The endothelial cell indices were calculated using 
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fully automated methods with each embedded software 
package. All measurements were performed by a trained 
examiner. An examiner randomly selected the order of 
the two measurements.

Statistical analysis
All statistical analyses were performed using the Statis-
tical Package for the Social Sciences (SPSS; IBM Corp., 
Armonk, NY, USA). The comparative analysis was con-
ducted separately in each of two groups (healthy and 
postoperative eyes). Wilcoxon rank-sum and chi-square 
tests were used to compare demographic data between 
the healthy and postoperative groups. We performed 
a nonparametric paired Wilcoxon test to compare the 
ECD, CoV, HEX, and CCT results of the two instruments. 
We also calculated the Spearman’s correlation coefficient 
of the measurements between the two instruments. The 
comparability of the measurement results for the two 
instruments was visualized in Bland–Altman plots using 
MedCalc Statistical Software version 22.009 (MedCalc 
Software Ltd., Ostend, Belgium). All statistical tests were 
two-sided, and the significance level was set at p < 0.05.

Literature review
PubMed was searched for updates on previous stud-
ies involving comparisons between specular micros-
copy instruments. The following keywords were applied: 
“specular,” “corneal endothelial cell,” “endothelial cell 
count,” or “comparison study.” Two authors (HC and 
TKY) manually screened abstracts for relevant studies. 
We excluded the following articles: (1) studies that did 
not compare two or more specular microscopic instru-
ments and (2) studies that only investigated human 
corneas. We extracted information on the studied popu-
lations and statistical differences in ECD measurements 
between the calculation methods (automated or manual) 
and instruments from previous studies.

Results
The basic demographic data of the 154 healthy eyes and 
236 eyes that underwent surgery are shown in Table  1. 
The mean ages (± standard deviation) of the study sub-
jects were 26.51 ± 4.77 years and 29.86 ± 5.85 years in 
the healthy and postoperative groups, respectively. 
The healthy group consisted of 25 males (32.5%) and 
52 women (67.5%), whereas the postoperative group 
consisted of 38 males (32.2%) and 80 females (67.8%). 
The mean keratometry values were 43.40 ± 1.01 D and 
42.85 ± 1.27 D in the healthy and postoperative groups, 
respectively. The mean axial lengths in the healthy 
and postoperative groups were 25.27 ± 1.48 mm and 
26.77 ± 1.95 mm, respectively. Except for sex (p = 0.969), 
there were significant differences between the two groups 
in terms of age, mean keratometry, and axial length 
(p < 0.001). In the postoperative group, 48 eyes under-
went iris-claw anterior chamber IOL (Artiflex or Artisan) 
implantation, and 188 eyes underwent posterior chamber 
IOL (ICL-V4 or EVO-ICL) implantation.

A comparison of the measurements between the Tomey 
EM-4000 and Konan CellChek-20 specular microscopy 
instruments in the healthy eyes is summarized in Table 2. 
The mean ECD values were 2651.4 ± 20.9.6 cells/mm2 
when measured using EM-4000 and 2880.3 ± 248.4 cells/
mm2 when measured using CellChek-20. CellChek-20 
showed significantly higher values than EM-4000 
(p < 0.001). The Spearman’s correlation coefficient for the 
ECD between the two instruments was 0.805 (p < 0.001). 
The EM-4000 showed higher CoV and lower HEX meas-
urements than the CellChek-20 (p < 0.001). The correla-
tion coefficients for CoV and HEX were 0.634 (p < 0.001) 
and 0.616 (p < 0.001), respectively. The mean CCT values 
were 521.2 ± 35.6 μm when measured using EM-4000 
and 540.1 ± 34.0 μm CellChek-20 when measured using 
CellChek-20. There was a significant difference in CCT 
measurements between the groups (p < 0.001).

Similar relationships were observed in the post-
operative group. Table  3 shows a comparison of the 

Table 1  Demographic characteristics of this study

D diopters, ICL implantable collamer lens, N/A not applicable, pIOL phakic intraocular lens
*  Wilcoxon rank-sum test

Healthy eyes (N = 154 eyes from 77 
subjects)

Postoperative eyes with pIOL (N = 236 eyes from 
118 subjects)

P-value*

Age 26.51 ± 4.77 29.86 ± 5.85  < 0.001

Sex (female, %) 52 subjects (67.5) 80 subjects (67.8) 0.969

Mean keratometry (D) 43.40 ± 1.01 42.85 ± 1.27  < 0.001

Axial length (mm) 25.27 ± 1.48 26.77 ± 1.95  < 0.001

IOL type N/A Artiflex/Artisan: 48 eyes
ICL-V4/EVO-ICL: 188 eyes

N/A
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measurements between the EM-4000 and CellChek-20 
specular microscopy instruments in the postoperative 
eyes. The mean ECD values were 2615.0 ± 329.3 cells/
mm2 when measured using EM-4000 and 2730.6 ± 372.2 
cells/mm2 when measured using CellChek-20. 
CellChek-20 also showed significantly higher values than 
EM-4000 (p < 0.001). The Spearman’s correlation coef-
ficient for ECD between the two instruments was 0.901 
(p < 0.001). Similarly, EM-4000 showed higher CoV and 
lower HEX values than CellChek-20 (p < 0.001). The cor-
relation coefficients for the CoV and HEX were 0.479 
(p < 0.001) and 0.554 (p < 0.001), respectively. The mean 
CCT values were 517.2 ± 35.9 μm when measured using 
EM-4000 and 527.0 ± 34.5 μm when measured using 
CellChek-20. There was a significant difference in CCT 
measurements between the groups (p < 0.001).

The scatter plots of the ECD measurements are 
shown in Fig.  1. Conversion equations were derived 
from the distribution using linear regression. The 
conversion equation for healthy eyes was as follows: 
ECDCellChek-20 = 0.995 × ECDEM-4000 + 236.525 (cells/mm2). 
The conversion equation for the postoperative eyes was 
as follows: ECDCellChek-20 = 1.046 × ECDEM-4000 + 90.155 
(cells/mm2). The Bland–Altman plots are shown in Fig. 2. 
The mean differences between the two instruments were 

228.9 cells/mm2 and 115.6 cells/mm2 in the healthy and 
postoperative groups, respectively. The standard devia-
tion of the ECD differences were 147.5 cells/mm2 and 
161.7 cells/mm2 in the healthy and postoperative groups, 
respectively.

The Bland–Altman plots for the CoV measurements 
are shown in Fig.  3. The mean differences between the 
two instruments (CoVCellChek-20—CoV EM-4000) were -6.3 
and -5.3 in the healthy and postoperative groups, respec-
tively. The standard deviation of the CoV differences 
were 5.7 and 6.2 in the healthy and postoperative groups, 
respectively.

Figure  4 shows the Bland–Altman plots for the HEX 
measurements. The mean differences between the two 
instruments (HEXCellChek-20 and HEXEM-4000) were 17.1 
and 17.0 in the healthy and postoperative groups, respec-
tively. The standard deviation of the HEX differences 
were 7.3 and 7.6 in the healthy and postoperative groups, 
respectively.

In the present study, CCT was performed using 
specular microscopy. Figure  5 shows the Bland–Alt-
man plots for the CCT measurements. The mean dif-
ferences between the two instruments (CCT​CellChek-20 
and CCT​EM-4000) were 18.9 μm and 10.8 μm in the 
healthy and postoperative groups, respectively. The 

Table 2  Endothelial cell measurement using automated image analysis with CellChek-20 and EM-4000 in healthy eyes (N = 154 eyes)

CCT​ central corneal thickness, CoV coefficient of variation in cell size, ECD endothelial cell density, HEX percentage of hexagonal cells
*  Paired Wilcoxon test

Comparison analysis Correlation analysis

EM-4000 CellChek-20 P-value* Difference 
(CellChek-20—
EM-4000)

Spearman’s correlation 
coefficient

P-value

ECD (cells/mm2) 2651.4 ± 209.6 2880.3 ± 248.4  < 0.001 228.9 0.805  < 0.001

CoV (%) 40.9 ± 7.0 34.6 ± 6.2  < 0.001 -6.3 0.634  < 0.001

HEX (%) 43.8 ± 8.9 61.0 ± 7.3  < 0.001 17.1 0.616  < 0.001

CCT (μm) 521.2 ± 35.6 540.1 ± 34.0  < 0.001 18.9 0.974  < 0.001

Table 3  Endothelial cell measurement using automated image analysis with CellChek-20 and EM-4000 in postoperative eyes (N = 236 
eyes)

CCT​ central corneal thickness, CoV coefficient of variation in cell size, ECD endothelial cell density, HEX percentage of hexagonal cells
*  Paired Wilcoxon test

Comparison analysis Correlation analysis

EM-4000 CellChek-20 P-value* Difference 
(CellChek-20—
EM-4000)

Spearman’ correlation 
coefficient

P-value

ECD (cells/mm2) 2615.0 ± 329.3 2730.6 ± 372.2  < 0.001 115.6 0.901  < 0.001

CoV (%) 38.7 ± 6.2 33.4 ± 6.0  < 0.001 -5.3 0.479  < 0.001

HEX (%) 45.2 ± 8.7 62.2 ± 7.0  < 0.001 17.0 0.554  < 0.001

CCT (μm) 517.2 ± 35.9 527.0 ± 34.5 0.002 9.8 0.936  < 0.001
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standard deviation of the CCT differences were 8.2 μm 
and 12.8 μm in the healthy and postoperative groups, 
respectively.

Figure  6 shows the results of the analysis of two 
IOL types in the post-operative group: iris-claw ante-
rior chamber IOL (Artiflex or Artisan) and posterior 
chamber IOL (ICL-V4 or EVO-ICL). Similar distribu-
tions and conversion formulas were derived in the two 
groups. In both subgroups, CellChek-20 measured 
higher ECD than EM-4000, but the difference was not 
significant in the anterior chamber IOL group. The 
mean differences between the two instruments were 
36.8 cells/mm2 (p = 0.082) for the anterior chamber IOL 

group and 135.8 cells/mm2 (p < 0.001) for the posterior 
chamber IOL group.

The literature review is presented in Table  4. Eleven 
studies compared ECD measurements between instru-
ments and calculation algorithms. Four studies [3, 19–21] 
compared manual and automated calculations of ECD 
measurements. Except for one study [19], the other stud-
ies reported that the automated methods overestimated 
ECD values compared to manual calculations. Two stud-
ies compared Konan and Topcon specular microscopy 
products [8, 22] and reported that ECD values calcu-
lated by Konan software were significantly higher than 
those calculated by Topcon. Three studies had data about 

Fig. 1  Scatter plots of endothelial cell density (ECD) measured by Tomey EM-4000 and Konan CellChek-20 (a) healthy eyes (b) postoperative eyes 
with pIOL

Fig. 2  Bland–Altman plots of endothelial cell density (ECD) measured by Tomey EM-4000 and Konan CellChek-20 (a) healthy eyes (b) postoperative 
eyes with pIOL
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ECD comparisons between Konan and Tomey specu-
lar microscopy products [10, 11, 23]. Among them, two 
studies reported that automated calculations using 
Konan software overestimated the ECD compared to 
Tomey products [10, 11], and one showed no significant 
difference [23]. In addition, Konan products showed 
higher ECD measurements than Nidek products [9, 11].

Discussion
Corneal endothelial cell damage is irreversible due to a 
lack of cell regeneration. Therefore, accurate ECD meas-
urement is the most important task to protect vision 
from various pathological factors [25, 26]. This study 
demonstrated a comparative analysis of corneal endothe-
lial cell measurements between two major non-contact 

specular microscope instruments in healthy and post-
operative eyes after pIOL implantation. The ECD values 
of the Konan CellChek-20 were significantly higher than 
those of the Tomey EM-4000 in both healthy and postop-
erative eyes following pIOL surgery. In this study, healthy 
corneas without guttae were analyzed, and the pIOL 
surgery group also exhibited healthy corneal endothelial 
cell status without guttae. As a result, devices using the 
two center methods showed some measurement bias, 
but the measurement tendency in the postoperative 
state did not change. To the best of our knowledge, this 
study has made the following contributions: first, this is 
the first study to compare corneal endothelial cell meas-
urements of the EM-4000 with those of the Konan soft-
ware. Second, a large sample size was used to clarify the 

Fig. 3  Bland–Altman plots of variation of cell size (CoV) measured by Tomey EM-4000 and Konan CellChek-20 (a) healthy eyes (b) postoperative 
eyes with pIOL

Fig. 4  Bland–Altman plots of percentage of hexagonal cells (HEX) measured by Tomey EM-4000 and Konan CellChek-20 (a) healthy eyes (b) 
postoperative eyes with pIOL
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differences between the two instruments. A larger num-
ber of subjects (154 healthy eyes and 236 postoperative 
eyes with pIOL) was studied compared with previous 
studies that compared the instruments of two or more 
manufacturers. Third, this is the first study to analyze the 
variation in ECD measurements in postoperative eyes 
after pIOL implantation. In our study, there was a sig-
nificant inter-instrument difference in the ECD measure-
ments in both healthy and postoperative eyes after pIOL 
implantation.  The two instruments also showed signifi-
cant differences in CoV and ECD, indicating that caution 
is required when analyzing data from these instruments. 
The literature review also indicated that Konan’s products 

generally calculate ECD higher than Tomey’s products in 
automatic measurement mode.

For most instruments, the “center method” is cur-
rently the standard method for measuring ECD [7]. This 
method uses software algorithms to identify the centers 
of endothelial cells, relying heavily on the quality of imag-
ing and the accuracy of the software. There is a potential 
for errors if the algorithm misidentifies cell centers, espe-
cially in cases of irregular or damaged endothelial cells. 
A previous study showed that when using the center 
method, more than 30% of cells in the image periphery 
are excluded from analysis [5]. In this case, there was a 
possibility that morphometric data would be calculated 

Fig. 5  Bland–Altman plots of central corneal thickness (CCT) measured by Tomey EM-4000 and Konan CellChek-20 (a) healthy eyes (b) 
postoperative eyes with pIOL

Fig. 6  Scatter plots of endothelial cell density (ECD) of subgroups measured by Tomey EM-4000 and Konan CellChek-20 (a) Artiflex/Artisan group 
(b) ICL-V4/EVO-ICL group
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incorrectly, especially if endothelial cell damage was 
severe. To overcome these shortcomings of the center 
method, the flex center method has been developed and 
is used as an auxiliary method. A study reported that the 
flex center method was effective in patients with corneal 
guttae [27]. Because our study did not include patients 
with guttae, we did not use the flex center method.

Figure 7 shows the cases in which there was a signifi-
cant difference in the ECD measurements between the 
two instruments. Even though the same eye was meas-
ured, the ECD, CoV (shown as CV in the figure), and 
HEX (shown as 6A or HEX% in the figure) values showed 
differences. Both EM-4000 and CellChek-20 instruments 
used the "center method", but the visualization of corneal 
endothelial cells was different. When comparing specu-
lar corneal endothelial images, the central part of the 
cornea was studied using each instrument; however, the 
captured areas and cell counting algorithms were differ-
ent. Although most instruments have used the “center 
method” to calculate ECD, detailed image processing and 
automated evaluation options have not been standardized 

[28]. Therefore, ECD measurements may differ for each 
manufacturer. A literature review showed that the auto-
mated calculation of the Konan software tends to over-
estimate the ECD values compared to other product 
calculations. Our study also showed that the automated 
calculation of the Konan CellChek-20 overestimated the 
ECD values compared to the Tomey EM-4000. ECD from 
CellChek-20 was higher than EM-4000 in both healthy 
(mean difference = 228.9 cells/mm2; P < 0.001) and post-
operative (mean difference = 115.6 cells/mm2; P < 0.001) 
groups. The CCT values also showed a strong correla-
tion, but significant inter-instrument differences were 
observed. HEX and CV showed relatively weak correla-
tions between the two devices in both healthy and post-
operative groups. This result indicates that the automated 
measurements of the CellChek-20 and EM-4000 are cur-
rently uninterchangeable. When observing endothelial 
cells after pIOL surgery, clinicians must be aware of the 
biases that may occur if the specular microscopy instru-
ment is replaced with another company’s product.

Fig. 7  Example of Tomey EM-4000 and Konan CellChek-20 measurement images that shows between-instrument differences in the corneal 
endothelial cell density (ECD) values (a) Example where the ECD value is measured low at Tomey EM-4000 (left) and high at Konan 
CellChek-20 (right) (b) Example where the ECD value is measured high at Tomey EM-4000 (left) and low at Konan CellChek-20 (right)
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Damage to endothelial cells can occur during pIOL 
surgery, and even after surgery, a faster reduction in 
endothelial cells can occur compared to that in normal 
eyes [29]. Therefore, it is clinically important to check 
for differences between specular microscopy instru-
ments in postoperative eyes with pIOL [12]. In our 
study, the healthy and postoperative groups showed the 
same pattern of measurement differences between the 
instruments. When the anterior chamber and posterior 
chamber IOLs were analyzed separately, there was no 
difference in endothelial cell measurements between the 
two groups. Previous studies have reported differences 
in the ECD between automated and manual methods for 
damaged corneal endothelial cells. The Konan software’s 
automated method has shown an overestimation of ECD 
in glaucomatous eyes with damaged endothelial cells 
compared to manual calculations [20, 21]. In addition, 
when the difference between instruments was studied in 
the damaged and normal cornea groups, Konan’s auto-
matic measurement system showed higher ECD values 
than the Tomey and Nidek instruments in both groups 
[11]. These results are consistent with our findings. In 
conclusion, ECD measurement using Konan’s software 
can result in higher values ​​than manual counting and 
other devices, so caution is required when comparing 
ECD values ​​measured by other devices.

Our study has several limitations. First, the single-
center data collection may limit the generalizability of 
the study results. However, this study did not include 
patients with guttata. To confirm the results of this study, 
endothelial cell data should be collected from various 
patient groups at diverse institutions. Second, we did 
not collect ECD values from manual counting data. We 
focused on a comparison of automatic measurement 
methods between the CellChek-20 and EM-4000. Sev-
eral studies have used manual endothelial cell counting 
as a reference [10, 11]. Therefore, the superiority of one 
instrument over the other cannot be concluded from this 
study. Additional limitations include the cross-sectional 
inter-instrument comparison design, which was unable 
to evaluate intra- and inter-observer agreements.

Conclusion
The ECD values between the two instruments were cor-
related, but Konan CellChek-20 showed significantly 
higher values than the Tomey EM-4000 in both healthy 
and postoperative eyes after pIOL surgery. HEX and CV 
showed significant differences and relatively weak corre-
lations between the two devices.  Most previous studies 
have also shown that the Konan software overestimated 
the ECD compared to other products in automatic meas-
urement mode. Therefore, specular microscopy devices 

are currently uninterchangeable, and the possibility of 
measurement bias should be considered when replacing 
the equipment for corneal endothelial cell measurement.
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