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Purpose: Accurate assessment of anterior segment parameters is essential for clinical decision-making and ophthalmic research. With 
the increasing availability of domestically developed anterior segment imaging systems, independent evaluation of their measurement 
characteristics relative to established devices is required. This study aimed to compare anterior segment measurements obtained using 
Scansys TA517, a domestically developed Scheimpflug-based imaging system, with those from Pentacam HR.
Methods: A total of 214 eyes were examined using both devices during the same visit. Anterior chamber depth (ACD), anterior 
chamber angle (ACA), anterior chamber volume (ACV), white-to-white corneal diameter (WTW), pupil diameter (PD), and the ACD/ 
WTW ratio were analyzed. Inter-device differences were evaluated using Bland–Altman analysis, and proportional bias was assessed 
by linear regression of inter-device differences against the mean of the two measurements.
Results: Inter-device differences varied substantially across parameters. ACD and the ACD/WTW ratio demonstrated minimal mean 
bias, narrow limits of agreement, and no proportional bias, indicating high inter-device stability and reliability. In contrast, ACA and 
ACV exhibited larger bias, wider limits of agreement, and significant proportional bias. WTW and PD showed intermediate stability 
with evidence of magnitude-dependent discrepancies.
Conclusion: In conclusion, inter-device agreement between Scansys TA517 and Pentacam HR is parameter-dependent. Linear and 
ratio-based parameters demonstrated greater stability than angle- and volume-based measurements, and proportional bias was present 
for several parameters. These findings highlight the importance of parameter-specific and device-specific interpretation when 
comparing anterior segment measurements across imaging systems.
Keywords: anterior segment imaging, scheimpflug imaging, device comparison, bland–altman analysis, proportional bias, pentacam HR

Introduction
Accurate assessment of anterior segment anatomy is essential for a wide range of clinical and research applications in 
ophthalmology, including refractive surgery planning, glaucoma evaluation, and intraocular lens implantation. Over the 
past two decades, Scheimpflug-based imaging systems have become widely adopted for non-contact, three-dimensional 
analysis of anterior segment structures, enabling quantitative measurement of parameters such as anterior chamber depth 
(ACD), angle, volume, and corneal dimensions.1–4

Among commercially available Scheimpflug-based devices, Pentacam HR has been extensively validated and is 
commonly regarded as a reference system for anterior segment analysis in both clinical practice and research settings. 
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Numerous studies have demonstrated its repeatability and agreement across a variety of anterior segment parameters, 
supporting its widespread use as a benchmark for device-comparison studies.5–8

In parallel with these developments, domestically developed anterior segment imaging systems have been increasingly 
introduced into clinical practice in recent years. While such systems offer potential advantages in accessibility and cost, 
independent evaluation of their measurement characteristics relative to established reference devices remains limited.9–11

Although both systems are based on Scheimpflug imaging, differences in camera resolution, image acquisition 
protocols, and segmentation algorithms may contribute to measurement variability between devices. Method- 
comparison studies commonly assess inter-device agreement using correlation coefficients or Bland–Altman analysis. 
However, correlation alone does not adequately reflect agreement at the individual measurement level, and Bland– 
Altman analysis assumes that inter-device differences remain constant across the measurement range. Violation of this 
assumption, known as proportional bias, may lead to systematic magnitude-dependent discrepancies that are not captured 
by conventional agreement metrics.12,13

Furthermore, previous studies have suggested that inter-device agreement may vary substantially across different 
anterior segment parameters, with linear distance measurements often demonstrating higher stability than angle- or 
volume-based parameters. These findings underscore the importance of parameter-specific evaluation when interpreting 
measurements obtained from different imaging systems.14,15

Methods
This cross-sectional agreement study was conducted at the Qingdao Eye Hospital of Shandong First Medical University, 
a tertiary ophthalmic center, between February and October 2023. Consecutive patients scheduled for corneal refractive 
surgery and undergoing routine preoperative anterior segment examination were enrolled. A total of 214 eyes were included 
in the final analysis. All measurements were obtained from the same eyes using both devices during the same visit.

Anterior segment imaging was performed using two Scheimpflug-based devices: the Scansys TA517 3D Anterior Segment 
Analyzer (Mediworks, Shanghai, China), a domestically developed system designed for three-dimensional reconstruction of 
anterior segment structures, and the Pentacam HR (Oculus Optikgeräte GmbH, Wetzlar, Germany), which served as the 
reference device. Both systems acquire multiple high-resolution Scheimpflug images to quantify anterior segment parameters.

All examinations were performed by experienced technicians in accordance with the manufacturers’ recommended 
protocols under identical examination conditions. Subjects were instructed to maintain steady fixation, and scans with 
poor image quality or acquisition errors were excluded from analysis.

The analyzed parameters included ACD, anterior chamber angle (ACA), anterior chamber volume (ACV), white-to- 
white corneal diameter (WTW), and pupil diameter (PD). In addition, the ratio of ACD to WTW (ACD/WTW) was 
calculated as a normalized parameter to assess inter-device measurement stability.

For each parameter, the inter-device difference was calculated as the value obtained from Scansys minus the 
corresponding value obtained from Pentacam HR. The mean of the two measurements was defined as the average of 
Scansys and Pentacam HR values and was used for Bland–Altman analysis and proportional bias assessment.

Statistical analyses were performed using SPSS software (version 26; IBM Corp., Armonk, NY, USA).
Continuous variables are presented as mean ± standard deviation. Inter-device differences were evaluated using 

paired comparisons. Agreement between Scansys and Pentacam HR was assessed using Bland–Altman analysis, with 
calculation of mean difference and 95% limits of agreement (mean difference ± 1.96 standard deviations).

To further characterize inter-device measurement behavior, proportional bias was assessed by linear regression of 
inter-device differences against the mean of the two measurements. A regression slope significantly different from zero 
was considered indicative of proportional bias.

All statistical tests were two-sided, and a P value < 0.05 was considered statistically significant. Paired comparisons 
between devices were performed using paired t-tests or Wilcoxon signed-rank tests, depending on data normality. Inter- 
device stability was classified by integrating the magnitude of mean bias and the width of the limits of agreement across 
parameters. Parameters were categorized as demonstrating high, moderate, or low stability based on their relative ranking 
among all analyzed parameters. In addition, intraclass correlation coefficients (ICCs) were calculated to assess inter- 
device reliability.
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This study adhered to the tenets of the Declaration of Helsinki and was approved by the Ethics Committee of Qingdao 
Eye Hospital of Shandong First Medical University [approval number QYLS 2026(10)]. The study was conducted 
prospectively between February and October 2023, with all measurements obtained during routine clinical examinations. 
Ethical approval was obtained subsequently, and the use of anonymized clinical data for research purposes was approved 
by the ethics committee.

Results
Inter-Device Differences Across Anterior Segment Parameters
A total of 214 eyes were included in the analysis. Statistically significant inter-device differences were observed for all 
anterior segment parameters measured by Scansys and Pentacam HR, indicating the presence of systematic measurement 
bias rather than purely random variation.

As summarized in Table 1, the magnitude and dispersion of inter-device differences varied substantially across 
parameters. ACD and the ACD/WTW ratio demonstrated minimal mean differences with relatively narrow 95% limits of 
agreement, whereas ACA and ACV exhibited larger mean differences and wider limits of agreement. WTW and PD 
showed intermediate levels of bias and dispersion.

These parameter-dependent patterns of inter-device bias are visually summarized in Figure 1, which illustrates 
increasing bias magnitude and variability from linear or ratio-based parameters to angle- and volume-based measurements.

Parameter-Dependent Stability of Inter-Device Measurements
To further characterize the consistency of measurements across parameters, inter-device stability was classified based on 
the relative magnitude of mean bias and the width of the limits of agreement. As shown in Table 2, ACD and the ACD/ 
WTW ratio were categorized as demonstrating high inter-device stability. WTW and PD showed moderate stability, 
whereas ACA and ACV were classified as low stability due to larger bias magnitude and increased dispersion.

This stability classification highlights that inter-device agreement is not uniform across anterior segment parameters 
and suggests that certain measurements are inherently more susceptible to device-related variability.

ICCs indicated excellent agreement for ACD (ICC = 0.95), and good agreement for ACD/WTW (ICC = 0.88) and 
WTW (ICC = 0.89). Moderate agreement was observed for PD (ICC = 0.69) and ACV (ICC = 0.77), whereas ACA 
showed poor agreement (ICC = 0.38).

Bland–Altman Analysis for Parameters Without Proportional Bias
Bland–Altman plots for parameters without proportional bias are presented in Figure 2. For ACD and the ACD/WTW 
ratio, inter-device differences remained relatively constant across the measurement range, with no evident magnitude- 
dependent trends. These findings indicate that the observed differences for these parameters are largely independent of 
measurement size.

Table 1 Inter-Device Differences and Agreement Metrics for Anterior Segment Parameters Measured by 
Scansys and Pentacam HR

Parameter Scansys  
(Mean ± SD)

Pentacam HR  
(Mean ± SD)

Mean Difference  
(S − P)

95% Limits of  
Agreement

Direction of Bias

ACD (mm) 3.20 ± 0.26 3.18 ± 0.26 +0.03 −0.13 to 0.18 Scansys higher

ACV (mm3) 175.71 ± 28.27 186.71 ± 32.13 −10.85 −46.35 to 24.64 Scansys lower
ACA (°) 41.29 ± 2.57 37.80 ± 5.33 +3.50 −4.62 to 11.62 Scansys higher

WTW (mm) 11.54 ± 0.45 11.69 ± 0.41 −0.15 −0.43 to 0.13 Scansys lower

PD (mm) 3.45 ± 0.52 3.31 ± 0.68 +0.13 −0.77 to 1.04 Scansys higher
ACD/WTW 0.28 ± 0.02 0.27 ± 0.02 +0.01 −0.01 to 0.02 Scansys higher

Notes: Wider 95% limits of agreement indicate increased inter-device variability at the individual-eye level.
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Proportional Bias Analysis
Linear regression analysis of inter-device differences against the mean of the two measurements revealed significant 
proportional bias for several parameters (Table 3). Specifically, ACA, ACV, WTW, and PD demonstrated magnitude- 
dependent inter-device discrepancies, as indicated by regression slopes significantly different from zero. In contrast, no 
proportional bias was observed for ACD or the ACD/WTW ratio.

The presence of proportional bias for ACA, ACV, and PD is visually demonstrated in Figure 3, where regression lines 
illustrate systematic changes in inter-device differences across the measurement range.

Discussion
Overview and Rationale
With the increasing availability of domestically developed anterior segment imaging systems, independent evaluation of 
their measurement characteristics relative to established reference devices has become increasingly important. In the 
present study, we performed a systematic comparison between Scansys, a domestically developed Scheimpflug-based 
corneal topography system, and Pentacam HR, focusing on inter-device differences, parameter-dependent stability, and 
proportional bias across multiple anterior segment parameters.16

Parameter-Dependent Inter-Device Differences
Our results demonstrated that inter-device differences between Scansys and Pentacam HR were not uniform across 
parameters but instead exhibited a clear parameter-dependent pattern. Linear and ratio-based parameters, such as ACD 

Figure 1 Inter-device differences across anterior segment parameters. Mean inter-device differences and 95% limits of agreement for anterior segment parameters 
measured by Scansys and Pentacam HR. Points indicate mean differences (Scansys − Pentacam HR), and error bars represent the 95% limits of agreement. The vertical line 
denotes zero difference.

Table 2 Parameter-Dependent Stability of Inter-Device Measurements Between Scansys and Pentacam HR

Parameter |Mean Bias| (Abs) LoA Width Bias Magnitude Dispersion (LoA Width) Stability Category

ACD (mm) 0.03 0.31 Small Small High

ACV (mm3) 10.85 70.99 Large Large Low

ACA (°) 3.50 16.24 Large Large Low
WTW (mm) 0.15 0.56 Moderate Moderate Moderate

PD (mm) 0.13 1.81 Moderate Moderate Moderate

ACD/WTW 0.01 0.03 Small Small High

Notes: LoA width was calculated as (upper LoA − lower LoA). Stability categories were assigned by tertiles of |mean bias| and LoA width across 
parameters (Small/Moderate/Large); “High” indicates Small+Small, “Low” indicates any Large, and otherwise “Moderate”.
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and the ACD/WTW ratio, showed minimal mean bias and relatively narrow limits of agreement. In contrast, angle- and 
volume-based parameters, particularly ACA and ACV, exhibited larger mean differences and wider limits of agreement. 
The ICC results further support this parameter-dependent pattern, demonstrating higher reliability for linear and ratio- 
based parameters and lower reliability for angle-based measurements such as ACA.

Similar parameter-dependent variability has been reported in previous comparisons between Pentacam and other 
anterior segment imaging devices, where linear distance measurements generally showed higher reproducibility than 
parameters derived from angular or volumetric reconstruction.5,17,18

Stability Classification and Interpretation
By integrating the magnitude of mean bias and the width of the limits of agreement, we further classified inter-device 
stability across parameters. This analysis demonstrated that ACD and the ACD/WTW ratio exhibited high inter-device 
stability, whereas ACA and ACV showed low stability, with WTW and PD demonstrating intermediate stability.

This finding underscores an important methodological consideration: high correlation or statistically significant 
agreement at the group level does not necessarily translate into acceptable agreement at the individual-eye level. Wide 
limits of agreement indicate substantial variability that may limit the interpretability or interchangeability of measure
ments obtained from different devices.12

Proportional Bias and Magnitude-Dependent Discrepancies
Beyond absolute agreement metrics, we further assessed proportional bias by examining the relationship between inter- 
device differences and measurement magnitude. Significant proportional bias was identified for ACA, ACV, WTW, and 
PD, indicating that measurement discrepancies for these parameters varied systematically across the measurement range.

Proportional bias represents a violation of the assumption that measurement differences remain constant across values 
and has been highlighted as an important consideration in method-comparison studies. Similar magnitude-dependent 

Figure 2 Bland–Altman analysis for parameters without proportional bias. Bland–Altman plots for (A) ACD and (B) the ACD/WTW ratio measured by Scansys and 
Pentacam HR. The solid line denotes the mean difference, and dashed lines represent the 95% limits of agreement.

Table 3 Proportional Bias Between Scansys and Pentacam HR 
Measurements Assessed by Regression Analysis

Parameter Slope (β) 95% CI P value Proportional Bias

ACD (mm) −0.005 −0.047 to 0.036 0.803 No
ACV (mm3) −0.140 −0.223 to −0.057 0.001 Yes

ACA (°) −0.826 −0.932 to −0.720 <0.001 Yes

WTW (mm) 0.086 0.042 to 0.130 <0.001 Yes
PD (mm) −0.296 −0.401 to −0.192 <0.001 Yes

ACD/WTW −0.004 −0.062 to 0.054 0.891 No
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discrepancies have been reported in anterior segment imaging studies, particularly for parameters influenced by 
segmentation boundaries, pupil dynamics, or three-dimensional reconstruction algorithms.19,20

The inclusion of the ACD/WTW ratio warrants brief discussion. By normalizing ACD to WTW, this ratio may 
partially reduce the influence of absolute scaling differences between devices. In the present study, ACD/WTW 
demonstrated minimal mean bias, narrow limits of agreement, and no proportional bias, suggesting improved robustness 
compared with absolute measurements. These findings support the potential utility of normalized parameters for reducing 
inter-device variability, although further validation in different populations and imaging platforms is required.

Implications for Device-Specific Interpretation
From a practical perspective, the presence of parameter-dependent bias and proportional bias suggests that measurements 
obtained from Scansys and Pentacam HR should not be assumed to be universally interchangeable, particularly for angle- 
and volume-based parameters. These findings suggest that ACA and ACV measurements may not be directly inter
changeable between devices, particularly when values approach clinical decision thresholds, and should therefore be 
interpreted with caution. Device-specific interpretation may therefore be necessary when applying threshold-based 
criteria or comparing measurements across studies using different imaging platforms.

Similar cautions have been raised in previous anterior segment imaging studies, which emphasized that device- 
specific calibration and interpretation are essential when measurements approach clinically relevant thresholds.10,21–23

Limitations
Several limitations of this study should be acknowledged. This was a single-center study, and the findings may not be 
directly generalizable to other populations or imaging conditions. The study population consisted exclusively of candidates 
for refractive surgery, which may limit the generalizability of the findings to other populations, particularly those with 
pathological anterior segment conditions. Intra-device repeatability and interobserver variability were not evaluated in this 
study. Although proportional bias was identified for several parameters, no attempt was made to derive correction 
equations, as the primary aim was to characterize measurement behavior rather than to establish conversion models. 
Only two anterior segment imaging systems were evaluated, and the observed patterns may not apply to other platforms.

Conclusions
In conclusion, this study provides an independent measurement-based evaluation of a domestically developed anterior 
segment imaging system relative to an established reference device. Inter-device differences between Scansys and 
Pentacam HR were parameter-dependent, with linear and ratio-based parameters demonstrating higher stability than 
angle- and volume-based measurements. The presence of proportional bias for several parameters further highlights the 
importance of device-specific interpretation when comparing anterior segment measurements across imaging platforms. 
ACD and ACD/WTW may be considered interchangeable between devices, whereas ACA, ACV, and PD should be 
interpreted with caution due to the presence of proportional bias.

Figure 3 Bland–Altman plots showing proportional bias. Bland–Altman plots for (A) ACA, (B) ACV, and (C) PD measured by Scansys and Pentacam HR. Differences 
between devices (Scansys − Pentacam HR) are plotted against the mean of the two measurements. The solid line denotes the mean difference, dashed lines indicate the 95% 
limits of agreement, and regression lines indicate proportional bias.
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