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Background: To assess the intra-observer repeatability and inter-observer reproducibility of central 
corneal thickness (CCT) and mid-peripheral corneal thickness (MPCT) measurements using a new 
Scheimpflug imaging instrument (Scansys) and compare the agreement with the rotating Scheimpflug 
corneal tomographer (Pentacam HR).
Methods: The same well-trained operator performed the measuring using the two devices, after which 
Scansys measurements were repeated by another operator. Both instruments required three consecutive 
measurements per subject. Corneal thickness measurements were obtained by each instrument, including 
CCT, thinnest corneal thickness (TCT), pupil corneal thickness (PCT), and MPCT. Test-retest repeatability 
(TRT), within-subject coefficient of variation (CoV), and intra-class correlation coefficient (ICC) were used 
to evaluate repeatability and reproducibility. A paired t-test was used to compare the differences between 
Scansys and Pentacam, and the agreement was compared with Bland-Altman plots.
Results: This study enrolled 112 healthy subjects. The CoV were <0.91% and 0.55% for repeatability and 
reproducibility, respectively. The ICC was close to 1 in all measurements. For intra-observer repeatability 
in the CT2mm region, TRT was <10.30 µm. Moreover, TRT was <15.26 µm within the CT5mm region. The 
paired t-test showed significant differences in all corneal thickness measurements (P<0.001). The central 
region and CT2mm agreement were high, but the largest range of 95% limits of agreement (LoA) appeared in 
the CTnasal-5mm.
Conclusions: The new Scheimpflug imaging instrument showed excellent intra-observer repeatability 
and inter-observer reproducibility for corneal thickness measurements. The agreement analysis suggested 
that Scansys and Pentacam could be interchangeably used between the central region and CT2mm, except 
CT5mm.
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Introduction

Corneal thickness has an important role in predicting 
glaucoma (1), the diagnosis of keratoconus (2), and the 
assessment of corneal edema (3). In refractive surgery, 
accurate preoperative measurement of corneal thickness, 
such as central corneal thickness (CCT) and mid-
peripheral corneal thickness (MPCT) can be used to assess 
the feasibility of surgery, thereby reducing the incidence 
of postoperative ectasia (2,4). Yet, there is a significant 
difference in the thickness of the cornea from the center 
to the periphery when measured using different devices, 
such that measurements further away from the center result 
in the greater the difference (5). In addition, peripheral 
corneal thickness has to be obtained for the diagnosis of 
keratoconus and other corneal ectasia, in the postoperative 
follow-up of corneal edema, and in the planification of 
corneal relaxing incisions (6-8).

Scheimpflug image analysis is a precise technique that 
is commonly applied for light scattering measurements 
and biometric measurements of the anterior segment (9).  
Repeatable data on the characteristics of the anterior 
segment have been provided in clinical and experimental 
studies. Several instruments based on this technique have 
been marketed, including Pentacam (Oculus, Wetzlar, 
Germany), Sirius (CSO, Florence, Italy), and Galilei (Ziemer, 
Port, Switzerland), while their precision, repeatability, and 
agreement have been well validated (10-12).

Scansys (MediWorks, Shanghai, China) is a novel 
device based on Scheimpflug imaging that can be used for 
anterior segment diagnosis. However, so far, no studies 
reported on this Scheimpflug based imaging. Consequently, 
the aim of this study was to evaluate the intra-observer 
repeatability and inter-observer reproducibility of the 
central and mid-peripheral regional corneal thickness and 
compare the agreement of these measurements between 
Scansys and Pentacam to determine the equivalence and 
interchangeability in healthy subjects. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://dx.doi.org/10.21037/atm-20-
7895).

Methods

Subjects

This prospective study recruited healthy subjects from 
the Eye Hospital of Wenzhou Medical University. After a 
detailed explanation of the purpose of the study, informed 

consent was provided by all patients. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013) and was approved by the Office of Research 
Ethical Committee, Eye Hospital of Wenzhou Medical 
University (No. KYK2013–21). Informed consent was 
obtained from all individual participants. Exclusion criteria 
included active ocular disease or trauma, dry eye, previous 
ocular surgery, and the history of wearing contact lenses (for 
soft contact lenses less than two weeks, rigid contact lenses 
less than four weeks).

Instruments

The Scansys is a new corneal topography instrument that 
uses the Scheimpflug camera, which can obtain 107,520 data 
points and 28 slit images in high resolution (1,280×1,024) 
of the anterior and posterior surface of the cornea in just 
1 second per measurement, and has a faster scan speed. 
This instrument uses a slit-light source with a wavelength 
of 470 nm. The horizontal measurement range is up to  
14 mm, and the vertical measurement range is up to 10 mm. 
Meanwhile, it can track the inevitable micromovements of 
the eye and reduce motion error by correcting eye motion 
through a software algorithm. It provides anterior and 
posterior corneal topography, including cornea curvature 
maps, cornea thickness maps, cornea elevation maps, etc.

The Pentacam HR (Oculus, Wetzlar, Germany) is one 
of the first commercially available rotating Scheimpflug 
cameras, which takes 25 slit images composed of 138,000 
points per measurement in less than 2 seconds. It can 
generate a 3-dimensional image of the anterior segment and 
provide measurements of the corneal curvature, central and 
peripheral corneal thickness, and anterior chamber depth.

Procedures

The two devices were used to measure the right eye of 
all subjects in random order. To assess reliability and 
agreement, the measurements by the two devices were 
performed by the same well-trained operator. Then, Scansys 
measurements were repeated by another operator to 
investigate the inter-operator reproducibility. Both devices 
were used to perform three consecutive measurements 
from each subject. Before each measurement, the patient 
was asked to blink to smooth the tear film. To ensure the 
independence of each measurement, subjects were asked 
to sit back while the operator readjusted the joystick. All 
measurements were taken between 10 AM and 5 PM to 

https://dx.doi.org/10.21037/atm-20-7895
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minimize the diurnal change of corneal thickness. The 
operating procedure strictly followed the manufacturer's 
guidelines. If the “quality specification” was “OK”, the 
examination was included in the analysis; otherwise, the 
procedure was repeated.

Corneal thickness measurements included CCT, thinnest 
corneal thickness (TCT), and pupil corneal thickness (PCT). 
At positions 1 mm and 2.5 mm away from the corneal apex, 
8 points were collected in the nasal, superior, temporal, and 
inferior quadrants: these were defined as CT2mm (CTnasal-

2mm, CTsuperior-2mm, CTtemporal-2mm, and CTinferior-2mm) and CT5mm 
(CTnasal-5mm, CTsuperior-5mm, CTtemporal-5mm, and CTinferior-5mm), 
respectively.

Statistical analysis

The data were analyzed by SPSS (version 21.0, IBM Corp.) 
and EXCEL (2010, Microsoft Corp.). Mean and standard 
deviation (SD) were used to indicate corneal thickness at 
different locations. Within-subject standard deviation (Sw), 
test-retest repeatability (TRT =2.77 Sw), within-subject 
coefficient of variation (CoV), and intra-class correlation 
coefficient (ICC) were used to evaluate repeatability and 
reproducibility. A paired t-test was used to compare the 
measurements by the two devices, and agreement between 
Scansys and Pentacam was evaluated with Bland-Altman 
plots and the 95% limits of agreement (LoA). These were 
defined as the average difference between the two devices 
±1.96 SD (13). A P value <0.05 was considered statistically 
significant.

Results

A total of 112 right eyes from 112 subjects (29 female and 
83 male) were included in the current study. The mean age 
± SD was 26±5.58 (range, 18 to 43) years, and the equivalent 
spherical power ± SD was −5.78±2.39 (range, −1.25 to 
−11.75) diopters (D).

Table 1 shows the intra-observer repeatability of corneal 
thickness measurements for each observer with the new 
Scheimpflug camera. For all measurements, the ICC was 
close to 1, which indicated high intra-observer repeatability. 
The repeatability of central and CT2mm regions was higher 
than that of CT5mm. In CT2mm measurements, the TRT was 
lower than 10.3 µm, whereas, in CT5mm, it was less than  
15.5 µm. The CoV within CT2mm was less than 0.7% and 
within CT5mm was less than 1%. 

Table 2 shows the inter-observer reproducibility of 

corneal thickness measurements. TRT showed an increasing 
trend from the center to the periphery. Nevertheless, the 
reproducibility of all the positions was excellent, with 
only slight deviations in the CTsuperior-5mm and CTinferior-5mm 
(CTsuperior-5mm: TRT =9.09 µm, COV =0.54%; CTinferior-5mm: 

TRT =8.90 µm, COV =0.55%). The ICC values for all 
measurements exceeded 0.989.

Table 3 indicates the differences and agreement between 
Scansys and Pentacam. The paired t-test of the two 
instruments showed statistically significant differences at 
all locations (P<0.001). In the central and CT2mm region, 
the value of Scansys was slightly larger than Pentacam in 
measuring corneal thickness, except for the CTnasal-2mm. In 
CT5mm, the value of Scansys was smaller than Pentacam.

The agreement analysis of Bland-Altman plots is shown 
in Figures 1-4. The central and CT2mm region had a smaller 
range than the CT5mm. Yet, the most significant difference 
appeared in the CTnasal-5mm.

Discussion

Scheimpflug technology is widely used in the pre-operative 
and post-operative settings as a reliable method for imaging 
and measuring the anterior ocular segment. The Scansys 
is the latest model based on Scheimpflug technology; 
however, before its clinical application can be approved, it 
is necessary to evaluate whether it provides repeatable and 
reproducible measurements and whether its measurements 
are consistent with those given by previously available 
instruments based on a similar principle. 

To the best of our knowledge, this is the first study that 
evaluated the intra-observer repeatability and inter-observer 
reproducibility of corneal central and mid-peripheral 
thickness measurements using the new Scheimpflug 
imaging Scansys. Since the CoV did not exceed 1% and 
the ICC was close to 1 in all quadrants, we concluded that 
the measurements provided by this new instrument have 
excellent repeatability and reproducibility. The values of 
corneal thickness obtained in the current study were similar 
to other studies on the use of Scheimpflug technology on 
unoperated eyes (14-16). In the four quadrants, the superior 
measurements had poorer repeatability, which is similar 
to previous studies (16,17). Meanwhile, other studies have 
found that the nasal quadrant is better than the temporal 
quadrant (18), which was consistent with our results.

The current study found excellent precision of central 
corneal thickness measurements, which was greatly 
improved compared with that of Pentacam rotating 
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Table 1 Intra-observer repeatability of the new Scheimpflug imaging by each observer in measuring corneal thickness

Parameter Observer Mean ± SD (μm) Sw (μm) TRT (μm) CoV (%) ICC (95% CI)

Center 1st 545.36±29.86 3.30 9.14 0.61 0.988 (0.983 to 0.991)

2nd 544.78±29.95 3.23 8.94 0.59 0.988 (0.983 to 0.992)

Thinnest 1st 543.18±29.81 3.23 8.95 0.59 0.988 (0.984 to 0.992)

2nd 542.52±29.95 3.38 9.37 0.62 0.987 (0.981 to 0.991)

Pupil 1st 545.48±29.83 3.32 9.20 0.61 0.988 (0.983 to 0.991)

2nd 544.89±29.96 3.23 8.94 0.59 0.989 (0.983 to 0.992)

Nasal 2 mm 1st 550.45±29.89 3.39 9.39 0.62 0.987 (0.983 to 0.991)

2nd 550.07±29.95 3.40 9.42 0.62 0.987 (0.982 to 0.991)

Superior 2 mm 1st 558.54±30.25 3.65 10.11 0.65 0.986 (0.980 to 0.990)

2nd 558.32±30.25 3.43 9.51 0.62 0.987 (0.981 to 0.991)

Temporal 2 mm 1st 549.85±29.93 3.72 10.30 0.68 0.985 (0.979 to 0.989)

2nd 549.21±29.94 3.38 9.36 0.62 0.987 (0.981 to 0.991)

Inferior 2 mm 1st 547.65±29.85 3.47 9.62 0.63 0.987 (0.982 to 0.990)

2nd 546.98±29.85 3.52 9.76 0.64 0.986 (0.980 to 0.990)

Nasal 5 mm 1st 582.93±30.64 4.29 11.89 0.74 0.981 (0.974 to 0.986)

2nd 582.69±30.38 3.86 10.70 0.66 0.984 (0.978 to 0.989)

Superior 5 mm 1st 608.64±31.11 5.51 15.26 0.91 0.969 (0.958 to 0.978)

2nd 608.23±31.56 4.86 13.46 0.80 0.977 (0.968 to 0.983)

Temporal 5 mm 1st 580.64±31.04 5.00 13.85 0.86 0.975 (0.965 to 0.982)

2nd 580.10±30.92 4.60 12.73 0.79 0.978 (0.970 to 0.985)

Inferior 5 mm 1st 584.54±30.80 4.47 12.37 0.76 0.979 (0.972 to 0.985)

2nd 583.88±30.44 4.47 12.38 0.77 0.978 (0.970 to 0.984)

SD, standard deviation; Sw, within-subject standard deviation; TRT, test-retest repeatability (2.77 Sw); CoV, within-subject coefficient of 
variation; ICC, intraclass correlation coefficient; USP, ultrasound pachymetry.

Table 2 Inter-observer reproducibility of the new Scheimpflug imaging in measuring corneal thickness

Parameter Sw (μm) TRT (μm) COV (%) ICC

Center 2.10 5.82 0.39 0.995 (0.993 to 0.997)

Thinnest 2.25 6.23 0.41 0.994 (0.992 to 0.996)

Pupil 2.10 5.82 0.39 0.995 (0.993 to 0.997)

Nasal 2 mm 2.04 5.66 0.37 0.995 (0.993 to 0.997)

Superior 2 mm 2.29 6.35 0.41 0.994 (0.992 to 0.996)

Temporal 2 mm 2.33 6.46 0.42 0.994 (0.991 to 0.996)

Inferior 2 mm 2.46 6.81 0.45 0.993 (0.990 to 0.995)

Nasal 5 mm 2.36 6.53 0.40 0.994 (0.991 to 0.996)

Superior 5 mm 3.28 9.09 0.54 0.989 (0.984 to 0.992)

Temporal 5 mm 2.63 7.27 0.45 0.993 (0.990 to 0.995)

Inferior 5 mm 3.21 8.90 0.55 0.989 (0.984 to 0.992)

SD, standard deviation; Sw, within-subject standard deviation; TRT, test-retest reproducibility (2.77 Sw); COV, within-subject coefficient of 
variation; ICC, intraclass correlation coefficient.
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Table 3 Difference and agreement between the new Scheimpflug imaging Scansys and Pentacam HR in measuring corneal thickness

Device pairings Mean ± SD (μm) P value 95% LoA

Center 3.36±5.11 <0.001 −6.65 to 13.37

Thinnest 4.47±5.29 <0.001 −5.89 to 14.83

Pupil 3.10±4.94 <0.001 −6.58 to 12.79

Nasal 2 mm −2.68±5.29 <0.001 −13.05 to 7.69

Superior 2 mm 0.58±5.12 <0.001 −9.45 to 10.61

Temporal 2 mm 5.78±4.90 <0.001 −3.81 to 15.38

Inferior 2 mm 2.95±6.09 <0.001 −8.98 to 14.88

Nasal 5 mm −22.35±6.61 <0.001 −35.30 to −9.40

Superior 5 mm −17.83±7.71 <0.001 −32.94 to −2.72

Temporal 5 mm −7.44±5.83 <0.001 −18.87 to 3.99

Inferior 5 mm −7.56±7.56 <0.001 −22.38 to 7.26

SD, standard deviation.

Figure 1 Corneal thickness maps obtained with the new Scheimpflug imaging instrument. 
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Scheimpflug camera (CoV =0.6–1.7%) (15,18) and was 
similar to that of Sirius Scheimpflug camera-Placido 
topographer (Sw =2.78–3.17 µm) (16,19). Besides, Kumar 
et al. (20) reported higher Sw (7.15 µm) and TRT  
(19.81 µm) in TCT measurements with Orbscan II 
(Bausch & Lomb, Rochester, NY) compared to our results. 
However, according to Huang et al. (19), the repeatability 
for central region with Scansys was lower than Galilei (CoV 
=0.24–0.33%, TRT =3.64–5.05 µm) and RTVue (Optovue, 
Freemont, CA, CoV =0.31–0.41%, TRT =4.57–6.01 µm). 
Repeatability was reduced when moving measurements from 
2 to 5 mm. The reliability of the MPCT was inferior to that 
of CCT (17,21), which was consistent with our findings. 
This may be due to the rotation of the camera around the 
optical axis, as the overlap of the Scheimpflug images and 

the number of analyzed points at the center of the cornea 
are greater than those at the corneal periphery, so the 
number of points captured at the same location decreased 
from the center of the cornea to the periphery (17).  
In a previous study, Huang et al. compared 3 rotating 
Scheimpflug cameras (Pentacam, Sirius, Galilei) and 1 
Fourier-domain optical coherence tomography system 
(RTVue) (19). In the 5 mm region, the intra-observer TRT 
ranged from 14.08 to 19.01 µm with Pentacam, from 9.47 to 
18.21 µm with Sirius, from 11.14 to 19.37 µm with Galilei, 
and from 11.63 to 19.01 µm with RTVue, respectively. 
Moreover, Lu et al. evaluated the mid-peripheral region 
with RTVue and reported the TRT of 11.77–17.23 µm (22).  
In the repeatability of Orbscan II assessed by Martin 
and his team, the CoV of MPCT was 1.11–1.67% (23).  

Figure 2 Bland-Altman plots for central corneal thickness (CCT), thinnest corneal thickness (TCT), and pupil corneal thickness (PCT) 
between the new Scheimpflug imaging Scansys and Pentacam HR. The solid lines = the mean difference; the upper and lower lines = the 
95% LoA; SD, standard deviation. 
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In general, the measurements obtained by the new 
Scheimpflug instrument in the mid-peripheral region had 
slightly higher repeatability and advantage compared with 
several other instruments mentioned above. 

Subsequently, we compared the new Scheimpflug 
imaging with the Pentacam to analyze their agreement. 
Many previous studies demonstrated the reliability of 
Pentacam measurements (6,15). In terms of CCT and 
TCT measurements, Scansys provided slightly higher 
measurements compared to those obtained by the Pentacam, 
which was in line with the previous studies showing that the 
Pentacam underestimated the values of CCT and TCT (24).  
Furthermore, Anayol et al. reported that the difference 
between Pentacam and Galilei was −13.93 and −5.5 µm in 
the CCT and TCT, respectively (25). Moreover, Huang et al. 

found that the difference between Pentacam and Sirius was 
−3.3 and −3.4 µm in the CCT and TCT, respectively (26).  
Thus, compared to other instruments that use a similar 
principle, the difference between Scansys and Pentacam was 
slight and could be considered clinically insignificant. The 
only exceptions were measurements at 5 mm in the nasal 
and superior quadrants, where the difference was higher 
than 15µm.

As far  as  the  agreement  i s  concerned,  centra l 
measurements revealed a high agreement between the two 
devices, thus suggesting they could be used interchangeably. 
Previous studies with other Scheimpflug-based instruments 
reported wider 95% LoAs than our present results. De la 
Parra-Colin et al. reported that the 95% LoAs ranged from 
−27.7 to 7.5 µm in the CCT and from −31.7 to −6.8 µm in 

Figure 3 Bland-Altman plots for corneal thickness2mm-Nasal (CTnasal-2mm), thickness2mm-Superior (CTsuperior-2mm), thickness2mm-Temporal (CTtemporal-2mm), 
and thickness2mm-Inferior (CTinferior-2mm) between the new Scheimpflug imaging Scansys and Pentacam HR. The solid lines = the mean difference; 
the upper and lower lines = the 95% LoA; SD, standard deviation.
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Figure 4 Bland-Altman plots for corneal thickness5mm-Nasal (CTnasal-5mm), thickness5mm-Superior (CTsuperior-5mm), thickness5mm-Temporal (CTtemporal-5mm), 
and thickness5mm-Inferior (CTinferior-5mm) between the new Scheimpflug imaging Scansys and Pentacam HR. The solid lines = the mean difference; 
the upper and lower lines = the 95% LoA; SD, standard deviation.
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the TCT when comparing the measurements by Pentacam 
and Sirius, respectively (27). Similarly, Nasser et al. reported 
that the range of LoA was from −9.61 to 33.44 µm in 
the TCT (28). Additionally, 95% LoAs (from 11.74 to  
16.12 µm in the CCT and from 3.34 to 7.65 µm in the 
TCT) were also reported by Anayol et al. when comparing 
Galilei with Pentacam (25).

In addition, we also evaluated the agreement of CT5mm 
measurements performed with the two instruments. 
According to results from a previous study that compared 
Pentacam and Visante OCT (Zeiss, Dublin, CA), Pentacam 
provided a larger value of MPCT (33.4±2.7 µm) (6). In 
the present study, Pentacam also provided a larger corneal 
thickness measurement in the CT5mm region. Bland-Altman 
plots revealed that there was only a moderated agreement 

in the CT5mm region between the two devices so that their 
measurements were not interchangeable. The lower level 
of agreement in the mid-peripheral region may be due to 
the image distortion of the Scheimpflug technique in the 
peripheral region, as shown by previous studies (17,29), and 
to the different number of scans (28 vs. 25) and analyzed 
data points (107,520 vs. 138,000 points). According to the 
results of Huang et al., the 95% LoAs between Scansys and 
Pentacam were narrower than the results among the RTVue 
OCT and three Scheimpflug cameras (range approximately 
40 µm) (26). Comparing Sirius and Visante OCT, Milla 
et al. reported that the wider 95% LoAs were −7.6 to  
59.1 µm, −9.2 to 77.5 µm, −24.0 to 42.8 µm, −0.4 to 51.6 µm  
at nasal, superior, temporal, inferior 2.5 mm from the 
center, respectively (16). In another study by Bourges  
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et al. (30), a wider range of the 95% LoAs was also found 
between Orbscan II and Pentacam (the maximum ranged 
from −6.2 to 59.8 µm, the minimum ranged −22.3 to  
26.9 µm). Martin et al. also found a poor agreement (spanning 
over 130 µm) between Orbscan II and Ultrasound (23).

This study has a few limitations. First, only young, 
healthy subjects with normal corneas were examined. Future 
studies should involve patients who received refractive 
surgery or with keratoconus. Second, only two devices 
were evaluated. Future studies should evaluate several other 
instruments based on Scheimpflug technology at the same 
time.

In conclusion, the new Scheimpflug imaging Scansys 
showed high intra-observer repeatability and inter-observer 
reproducibility of corneal thickness measurements. In terms 
of agreement with Pentacam, their measurements can be 
considered interchangeable in the central region and at  
2 mm, whereas they cannot be considered interchangeable 
for measurements at 5 mm.
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