

[image: image1]
Comparison of the reliability of corneal curvature and eccentricity measurements in myopic eyes using four different devices
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Myopia is a global public issue which is increasing worldwidely. Instruments are essential for measurement in the diagnosis and evaluation of myopia. Comparing the agreement of corneal curvature and eccentricity measurements obtained using four different devices is meaningful for clinical research. We present enrolled 175 patients in this prospective study. The corneal curvature were measured by The Canon RK-F1, Tomey TMS-4, Medmont E300, Pentacam HR, eccentricity measured by last three devices. The agreement and differences were compared among the four instruments. There was a weak correlation between the TMS-4 and Pentacam HR in eccentricity steep (Es) compared to other devices. The Bland–Altman plots with 95% level of agreement showed low agreement of corneal curvature measured by the four instruments. The 95% LoA of K steep (Ks) and K flat (Kf) were > 0.5D for all instruments. For eccentricity, eccentricity mink (Em), also eccentricity flat, showed high agreement among the TMS-4, Pentacam HR, and Medmont E300 topographers, but Es showed low agreement. The agreement of corneal curvature measured by the four instruments was low, which cannot be used interchangeably in clinical practice. The Es obtained from TMS-4, Medmont E300, and Pentacam HR can be used interchangeably.
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Introduction

The measurement of refractive error, corneal curvature, and corneal eccentricity in children with high accuracy and repeatability is important in vision screening, clinical evaluation, and research. Reproducible keratometry is particularly important for performing cataract and refractive surgery, and for diagnosing corneal diseases such as keratoconus and monitoring changes in corneal curvature over time. Steep keratometry, flat keratometry, and corneal eccentricity are must-have data to evaluate corneal central and peripheral shape and conduct orthokeratology lens fitting. Orthokeratology is widely used to control myopia progression in children. There is a high prevalence of myopia in China, especially in recent years, and orthokeratology is performed in most ophthalmological departments (23–25). Corneal topography is widely used to measure the corneal shape. A variety of instruments can be used for corneal curvature and cornea eccentricity measurements. The Canon RK-F1 is an autorefractor keratometer that performs the automatic measurement of both corneal curvature and refractive power.

Tomey TMS-4 is a corneal topographer based on the principle of the Placido disc. This device is equipped with a replaceable 25-ring and 31-ring small cone-disc Placido imaging device and can obtain images composed of up to 7,936 points in less than 3 s when combined with the computer technology of the color topographic map analysis system, resulting in the acquisition of clear and detailed corneal information (1, 22). The acquired data is processed by a computer and displayed through different topographic map modes. Medmont E300 is a Placido disc cone-based computerized videokeratometer, which draws the topographic map of the human corneal surface with the Placido ring. Tomey and medmont are both based on the Placido disc principle. An alternative method is corneal tomography by Pentacam. Pentacam HR (software version 1.2r43) is a non-contact anterior segment analyzer with a rotating Scheimpflug camera system. These instruments vary in accuracy and repeatability. Quantifying the differences between instruments will be helpful for clinical diagnosis, especially for orthokeratology fitting. Orthokeratology trial lens parameters depend on the corneal data. A small difference originated from different instruments will affect the trial lens parameters choices.

To our knowledge, no study has reported differences in measurements among four devices and evaluated the interchangeability and agreement of eccentricity obtained using topographer (TMS-4 and Medmont E300) and anterior segment analyzer (Pentacam HR). The main purpose of this study was to assess the agreement of corneal curvature and eccentricity measurements obtained from four different devices. This information may provide a valuable standard for optometrists, against which they can choose the first trial lens efficiently and design their Ortho-K lens prescription accurately.



Subjects and methods


Patients

In this study, 175 patients aged 7–15 years enrolled for Orthokeratology (OK) lens fitting from January to June 2021 were selected. Informed consent was provided according to the Declaration of Helsinki. The inclusion criteria were as follows: (1) Best corrected distance visual acuity (BCVA) ≥ 20/25; (2) No history of refractive surgery and contact lens; (3) No active eye disease; (4) Stable tear film, Schirmer’s test results >5.0 mm, and tear film break-up time > 5 s. All subjects underwent a full ophthalmic examination. Corneal curvature and eccentricity were obtained by a qualified and skilled examiner on the same day using the instruments presented above in random order.



Instruments

The Canon RK-F1.

Tomey TMS-4 (software version 22C-200S-2A5).

The Medmont E300 (software version 6.2.7.1).

Pentacam HR (software version 1.2r43).



Measurement

All the eyes were grouped into the moderate myopia group with refraction > −3.00D, medium myopia group > −6.00D and < −3.00D, and high myopia group < −6.00D.

Based on the purpose of this study, the corneal curvature was measured on a 3-mm diameter field of the central cornea, and the eccentricity was measured on a 9-mm diameter field of the cornea. Measurements were performed by four qualified and skilled examiners and completed between 9 and 12 a.m. on the same day to minimize the influence of the circadian rhythm on the results. Checking sequence was random. The equipments were calibrated according to the manufacturer’s instructions regularly. If necessary, imaging was repeated until quality acceptable. Only the right eye of each candidate was selected. If the image obtained from the right eye was disqualified the left eye was selected. Candidates were excluded from the study when measurements obtained from both eyes were disqualified. In Canon RK-F1, the measurements without the “*” mark were considered to be available. In TMS-4, the best quality image with the highest score was chosen for analysis. In Medmont E300, each image was scored, and the image with the highest score was selected (at least >75 points). Pentacam HR displayed the image quality automatically through the Examination Quality Specification system, and the images with “OK” were analyzed.



Statistical analysis

Statistical analysis was conducted using SPSS software for Windows version 26. The distributions of all collected data were tested for normality using Kolmogorov–Smirnov tests prior to statistical analysis. All quantitative data with a normal distribution are represented as mean ± standard deviation (mean ± SD). The paired t-test was used to compare the measurements of different instruments, and Pearson correlation analysis was used to assess the correlation of measurements with various instruments (Spearman correlation analysis was selected when the normality distribution was not met). A p value <0.05 was considered statistically significant. Bland–Altman plots were used to assess the agreement between the devices, showing the mean and 95% limits of agreement LoA (Level of Agreement), calculated as: mean ± 1.96 standard deviation. The narrower the interval between the 95% LoA, the higher the consistency between the instruments.




Results

Overall, 175 eyes (170 right eyes) from 175 OK lens fitting candidates were recruited, including 63 males (mean age 10.27 ± 1.99 years) and 112 females (mean age 10.26 ± 1.99 years). Refractive power ranged from −0.75D to −5.75D (spherical power was −2.42 ± 1.26D, astigmatism power − 0.55 ± 0.56D, and spherical equivalent −2.69 ± 1.36D) and was measured after cycloplegia.

The Ks was 44.06 ± 1.48D, 44.21 ± 1.47D, 44.27 ± 1.47D, and 43.78 ± 1.43D (F = 4.225, p < 0.05) measured by RK-F1 autorefractor, TMS-4 topographer, Medmont E300 topographer, and Pentacam HR, respectively.

Tables 1, 2 show the Ks and Kf values according to gender and spherical equivalent power. There was no statistically significant difference in Ks and Kf values among the four devices in the male group, but a statistically significant difference was found in the female group (Ks: F = 2.805, Kf: F = 3.044, all p < 0.05). In the mild myopia group, the Kf value was insignificant, whereas it was statistically significant in the moderate myopia group (F = 3.044, p < 0.05).



TABLE 1 Ks distance by gender and spherical equivalent (mean ± SD, D).
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TABLE 2 Kf distance by gender and spherical equivalent (mean ± SD, D).
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Tables 3, 4 show the Es and Em according to gender and spherical equivalent power. Es was 0.57 ± 0.14, 0.43 ± 0.17, and 0.64 ± 0.11 measured by TMS-4 topographer, Medmont E300 topographer, and Pentacam HR, respectively (x2 = 135.03, p < 0.05). Em was 0.52 ± 0.10, 0.63 ± 0.08, and 0.55 ± 0.08 measured by TMS-4 topographer, Medmont E300 topographer, and Pentacam HR, respectively (x2 = 160.80, p < 0.05). The measurements of Es and Em in different gender and spherical equivalent groups were statistically significant (all p < 0.05).



TABLE 3 Es distance by gender and spherical equivalent.
[image: Table3]



TABLE 4 Em distance by gender and spherical equivalent.
[image: Table4]


Correlation

A strong positive correlation was found in the comparison of Ks and Kf between any two instruments (r = 0.983 ~ 0.996, p < 0.01). Comparing the results for Ks, the correlation was the strongest between RK-F1 and TMS-4 (r = 0.992, p < 0.01, Table 5) and the weakest between TMS-4 and Medmont E300 (r = 0.983, p < 0.01). Comparing the results for Kf, a similar outcome was found; the correlation was the strongest between RK-F1 and TMS-4 (r = 0.996, p < 0.01) and weakest between RK-F1 and Medmont E300 (r = 0.989, p < 0.01).



TABLE 5 Correlation and difference of corneal curvature and eccentricity measured by four instruments.
[image: Table5]

Comparing the results for eccentricity showed weak correlation and more variability depending on which pairings were assessed. In the comparison of the results for Em, all paired combinations of TMS-4, Medmont E300, and Pentacam HR had strong correlation (r = 0.716 ~ 0.838, p < 0.01), whereas there was weak correlation between TMS-4 and Pentacam HR in Es (r = 0.579, p < 0.01). The details are shown in Table 5 and Figures 1, 2.

[image: Figure 1]

FIGURE 1
 Correlation plots of the corneal eccentricity from theTMS-4 topographer, Medmont E300 topographer and the Pentacam HR for 175 eyes. (A–C) Correlation analysis for measurements of steep eccentricity (Es). (D–F) Correlation analysis for measurements of flat eccentricity (Em).


[image: Figure 2]

FIGURE 2
 Correlation plots of the corneal curvature from the RK-F1 autorefractors, TMS-4 topographer, Medmont E300 topographer and the Pentacam HR for 175 eyes. (A–F) Correlation analysis for measurements of steep corneal curvature (Ks). (G–L) Correlation analysis for measurements of flat corneal curvature (Kf).




Comparison between devices

Table 5 shows the mean difference, SD, and 95% LoA for all paired comparisons of the four devices. The highest mean difference in Ks, Kf, Es, and Em was 0.49D, 0.45D, 0.21, and 0.12, respectively.

As shown in Table 5, there was a statistically significant difference in corneal curvature and eccentricity between any two devices. The highest mean difference of Ks and Kf for all paired comparisons was noted between Medmont E300 and Pentacam HR (0.49 ± 0.21D, p < 0.01), and between TMS-4 and Pentacam HR (−0.45 ± 0.13D, p < 0.01), respectively. The highest mean difference of Es and Em was also noted between Medmont E300 and Pentacam HR (0.21 ± 0.17, p < 0.01) and between TMS-4 and Medmont (0.12 ± 0.09, p < 0.01), respectively.

Regarding agreement, Table 5 presents the 95% LoA for each pair of devices evaluated. Figures 3, 4 present the corresponding Bland–Altman plots. The 95% LoA for Ks was >0.5D for all paired combinations of the four instruments. Among these paired comparisons, TMS-4 and Medmont E300 showed the largest 95% LoA, ranging from −0.59 to 0.46D. There were 4.57, 3.43, 5.14, 5.71, 4.57, and 4.57% points outside the 95% LoA for all pairings, respectively (Figures 3A–F). Regarding the agreement among the four devices for Kf, the 95% LoA was equal or slightly higher than 0.5D for all paired combinations of all instruments. The RK-F1 and Medmont E300 showed a higher 95% LoA (−0.62 to 0.16D). There were 3.43, 2.86, 4.57, 4, 1.71, and 5.71% points outside the 95% LoA of all pairings, respectively (Figures 3G–L). Regarding the agreement for eccentricity, the 95% LoA for Es was >0.2 for all paired combinations of the instruments, and the TMS-4 and Medmont E300 showed the largest 95% LoA, ranging from −0.22 to 0.50. Regarding the agreement for Em, Medmont E300 and Pentacam HR showed the lowest 95% LoA compared with the other instruments, ranging from 0.01 to 0.17.

[image: Figure 3]

FIGURE 3
 Bland–Altman plots of the corneal curvature from the RK-F1 autorefractors, TMS-4 topographer, Medmont E300 topographer and the Pentacam HR for 175 eyes. (A–F) Consistency analysis for measurements of corneal flat curvature (ks). (G–L) Consistency analysis for measurements of corneal flat curvature (kf). ★Represents the maximum absolute value of the difference between the measurement results of the two instruments.
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FIGURE 4
 Bland–Altman plots of the corneal eccentricity from the TMS-4 topographer, Medmont E300 topographer and the Pentacam HR for 175 eyes. (A–C) Consistency analysis for measurements of steep eccentricity (Es). (D–F) Consistency analysis for measurements of corneal flat eccentricity (Em). ★Represents the maximum absolute value of the difference between the measurement results of the two instruments.





Discussion

The Canon RK-F1 is an autorefractor keratometer that combines the automatic measurement of corneal curvature and refractive power. It can also be used to measure peripheral corneal curvature and corneal diameter. Corneal curvature was measured in the “K-R” model. In the “K-R” model, there is an internal alignment ring composed of solid lines and an external alignment ring composed of small dots on the instrument display screen. The measurement target image is located between the internal and external alignment rings. When the tracking ball is adjusted to align with the pupil center, automatic measurement is started, and each eye is measured three times, respectively (2, 3). The shortage of Canon RK-F1 is it can only measures central 3 mm corneal curvature, and the advantage is rapid and the examination fee is cheap. In optometry clinic, it can help eye doctor quickly screen the ortho-k indications. For example, corneal curvature should be within the range from 39D to 48D. If the corneal curvature is too low or too high, corneal safety risk will increase if wearing ortho-k lens.

Tomey TMS-4 (software version 22C-200S-2A5) is a corneal topographer based on the principle of the Placido disc. The device is equipped with a replaceable 25-ring and 31-ring small cone-disc Placido imaging device, and combined with the computer technology of the color topographic map analysis system, it can obtain images composed of up to 7,936 points in less than 3 s, so as to obtain clear and detailed corneal information (1). The acquired data is processed by a computer and displayed through different topographic map modes.

The Medmont E300 (software version 6.2.7.1) is a Placido disc cone-based computerized videokeratometer, which draws the topographic map of the human corneal surface using a Placido ring. It has 32 Placido rings, covering the cornea in the range of 0.25–11 mm, and analyzes 102,000 points data per scan. A special software was installed in the device that automatically captures the best image based on best positioning, best focus, and minimal eye movement, and scores each picture (100-point scale). A score of 75 or higher was considered good (4–7).

Pentacam HR (software version 1.2r43) is a non-contact anterior segment analyzer with a rotating Scheimpflug camera system. The device uses a 475 nm blue slit light source to illuminate and a red LED light to locate the apex of the cornea. Then, taking the corneal apex as the center, the Scheimpflug camera rotates 360°to take images. Approximately 25–50 Scheimpflug sectional images of the whole cornea can be obtained in 2 s. At least 500 data points are collected for each sectional image, and more than 138,000 data points can be collected for the entire cornea. Then, the computer analyzes these data to obtain the original corneal height data and constructs the 3D model of the anterior segment. In the process of acquiring images, any eye movement is a detected by a second camera and corrected in time (8, 9, 20, 21).

Physicians choose OK lens fitting parameters depending on the Kf and eccentricity values. Accurate measurements of corneal curvature and eccentricity are crucial for OK lens fitting. Kf is the base of selecting alignment curve (AC) parameters of OK lenses, and eccentricity is vital to adjust the AC to be loosen or tighten on cornea to achieve an optimal fitting. Children’s eyes are not comfortable when undergoing the first fitting. If physicians can provide an accurate parameter for children at their first fitting, this may reduce the fitting times and discomfort. In this study, we compared the agreement of corneal curvature and eccentricity measured using four instruments. To the best of our knowledge, no previous study has evaluated the interchangeability and agreement of eccentricity obtained by topographer (TMS-4 and Medmont E300) and anterior segment analyzer (Pentacam HR). Moreover, few studies assessed the agreement of eccentricity on the steep and flat meridians.

The repeatability and reproducibility of the RK-F1 (10), TMS-4 (11), Medmont E300 (12), and Pentacam HR (13) have been confirmed by previous studies. Therefore, this study did not assess the between-examiner and within-examiner differences in corneal curvature and eccentricity measurements. In this study, the results showed that gender and myopia refractive power can affect the accuracy of instrument measurements. Comparing the Ks and Kf in the male group, there was no significant difference among the four instruments, whereas there was a significant difference in the female group. The discrepancy may be related to the sex proportion of subjects, as females accounted for over 60% of the subjects, which was measured more reliably. Comparing the Ks and Kf in different refractive power groups, there was no significant difference in the Kf values for different devices in the mild myopia group, whereas there was a statistically significant difference in Ks and Kf values for all devices in the moderate myopia group. However, the post hoc test showed that there was no statistically significant difference between any pair of the four devices. We inferred that this discrepancy may be due to the inherent dependency on the instruments rather than the myopia refractive diopter. Sometimes, patients bring other hospitals’ different topography data to us. If a physician knows the differences between different devices, relatively accurate OK lens alignment curve parameters could be provided to reduce fitting times.

In present study, the measurements of Ks and Kf values obtained by Pentacam HR was the lowest in all instruments. In accordance with our findings, Módis et al. (11) compared TMS-4 with Pentacam HR and found that the latter obtained flatter simulated keratometry values. Other studies have also reported similar results to ours (14, 15). However, Hamer et al. (6) found that the corneal curvature provided by Scheimpflug imaging was steeper than that of Placido disc topography. This discrepancy compared with the current study may be explained by age. In our study, the mean age of all subjects was 10.27 ± 1.99 years, which was far lower than that in Hamer et al.’s study (36.0 ± 11.4 years), and the older subjects may cooperate better than children during the examination. Another study (16) did not find a difference between the Pentacam and Placido disc topographers, but the wide 95% LoA indicated that the measurements cannot be used interchangeably in clinical practice. Regarding the agreement, Pentacam HR showed poor agreement with other devices only on the measurements of Kf between the RK-F1 and Pentacam HR except for, which showed a narrow 95% LoA and small mean difference (−0.07 to 0.45 D, −0.19D, respectively), indicating that the values of Kf obtained by RK-F1 and Pentacam HR can be interchangeable in clinical practice. Tajbakhsh et al. (17) found that Pentacam HR and TMS-4 topography showed the best agreement in Ks and Kf, although the authors used different versions of the Pentacam and different cohorts of patients. In the current study, the highest values of Ks were measured by Medmont E300. This is consistent with previous studies, which reported that Medmont provided a steeper corneal power among the devices (18, 19). Another study (5) assessed the corneal curvature using eight different devices and showed that Medmont E300 had the highest Ks and Kf among all instruments. Therefore, poor agreement between Medmont E300 and other devices was shown in our study. Such comparison data can help physician save time and reduce the ortho-k lens fitting times. Except for OK lens fitting, keratoconus progression or post-corneal collagen cross linking follow-up may undergo different corneal topographers. Our study are helpful to evaluate if cornea curvature is stable. The highest mean differences for Ks and Kf are reported between specific device pairs in our study, which is acceptable and may come from the working principle of the machines and can guide the clinical practice.

For eccentricity, statistically significant differences were found among the TMS-4, Pentacam HR, and Medmont E300 topographers. The Pentacam HR provided the highest Es values, and Medmont E300 provided the highest Em values. The values of Es from TMS-4, Pentacam HR, and Medmont E300 were not in good agreement with each other, whereas the values of Em showed high agreement among the devices. According to the Bland-Alman plots, there were 4.57% (8/175), 4.57% (8/175), and 5.14% (9/175) points outside the 95% LoA among the paired comparison of Em measurements. Cho et al. (4), also reported that the Dicon and Humphrey obtained lower eccentricity compared with Medmont. There was a weak correlation between TMS-4 and Pentacam HR in Es (r = 0.579, p < 0.01). In optometry, usually physicians choose the first trial lens according to Em or average eccentricity values. Different brand orthokeratology lens have different design, based on the average or flat eccentricity. Eccentricity values are very important in optical clinics.

The main reason for the discrepancy of eccentricity between the different instruments may be due to the different corneal areas selected for analysis. However, in our study, we selected corneas areas within 8 mm except for TMS-4, in which we selected the imaging mode of 25 rings and analyzed the corneal area in the range of 8.8 mm. Therefore, the reason for the lower agreement of Es among the devices is unknown. Physicians usually provide lower alignment curve parameters for higher eccentricity and higher alignment curve parameters for lower eccentricity for proper OK lens fitting. Thus, eccentricity comparison has a clinical significance.

Bland–Altman analysis shows 95% dots were within the range of agreement, which suggest a high level of agreement.



Conclusion

In conclusion, our data showed that central corneal curvature obtained by RK-K1 autorefractors, TMS-4 topographer, Medmont E300 topographer, and Pentacam HR anterior eye segment analyzer were correlated. Applying central corneal curvature for OK lens fitting is not a good choice. The flat eccentricity obtained among the devices is correlated and comparable, suggesting that the flat eccentricity values could be used interchangeably in clinical practice.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were approved by the Ming Vision and Ophthalmology Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin as samples taken before the date of the ethical approval can be exempted from informed consent after sufficient discussion and weighing of the risk benefit ratio by the ethics committee. Written informed consent was not obtained from the individual(s), nor the minor(s)’ legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article as samples taken before the date of the ethical approval can be exempted from informed consent after sufficient discussion and weighing of the risk benefit ratio by the ethics committee.



Author contributions

DQ: Investigation, Methodology, Project administration, Writing – review & editing, Formal analysis, Software. JY: Data curation, Formal analysis, Writing – original draft. YZ: Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Luo, B, and Zhang, X. Comparison of corneal curvature and astigmatism measurements in myopia using Sirius anterior segment analysis system and TMS-4 topographer. Chin J of Pract Ophthalmol. (2017) 7:691–4. doi: 10.3760/cma.j.issn.1006-4443.2017.07.008

 2. Sunderraj, P. Clinical comparison of automated and manual keratometry in pre-operative ocular biometry. Eye. (1992) 6:60–2. doi: 10.1038/eye.1992.11 

 3. Martinez, AA, Pandian, A, Sankaridurg, P, Rose, K, Huynh, SC, and Mitchell, P. Comparison of aberrometer and autorefractor measures of refractive error in children. Optom Vis Sci. (2006) 83:811–7. doi: 10.1097/01.opx.0000238708.74276.6c 

 4. Cho, P, Lam, AK, Mountford, J, and Ng, L. The performance of four different corneal topographers on normal human corneas and its impact on orthokeratology lens fitting. Optom Vis Sci. (2002) 79:175–83. doi: 10.1097/00006324-200203000-00012 

 5. Wang, Q, Savini, G, Hoffer, KJ, Xu, Z, Feng, Y, Wen, D , et al. A comprehensive assessment of the precision and agreement of anterior corneal power measurements obtained using 8 different devices. PLoS One. (2012) 7:e45607. doi: 10.1371/journal.pone.0045607 

 6. Hamer, CA, Buckhurst, H, Purslow, C, Shum, GL, Habib, NE, and Buckhurst, PJ. Comparison of reliability and repeatability of corneal curvature assessment with six keratometers. Clin Exp Optom. (2016) 99:583–9. doi: 10.1111/cxo.12329 

 7. Szczesna-Iskander, DH, and Llorens, QC. Subjective and objective evaluation of the effect of blink type on tear-film breakup time and its estimation. Optom Vis Sci. (2020) 97:954–61. doi: 10.1097/OPX.0000000000001592 

 8. Oliveira, CM, Ribeiro, C, and Franco, S. Corneal imaging with slit-scanning and Scheimpflug imaging techniques. Clin Exp Optom. (2011) 94:33–42. doi: 10.1111/j.1444-0938.2010.00509.x 

 9. Gharieb, HM, Ashour, DM, Saleh, MI, and Othman, IS. Measurement of central corneal thickness using Orbscan 3, Pentacam HR and ultrasound pachymetry in normal eyes. Int Ophthalmol. (2020) 40:1759–64. doi: 10.1007/s10792-020-01344-1 

 10. Huynh, SC, Mai, TQ, Kifley, A, Wang, JJ, Rose, KA, and Mitchell, P. An evaluation of keratometry in 6-year-old children. Cornea. (2006) 25:383–7. doi: 10.1097/01.ico.0000214203.84081.ec 

 11. Módis, L Jr, Szalai, E, Kolozsvári, B, Németh, G, Vajas, A, and Berta, A. Keratometry evaluations with the Pentacam high resolution in comparison with the automated keratometry and conventional corneal topography. Cornea. (2012) 31:36–41. doi: 10.1097/ICO.0b013e318204c666 

 12. Read, SA, Collins, MJ, Iskander, DR, and Davis, BA. Corneal topography with Scheimpflug imaging and videokeratography: comparative study of normal eyes. J Cataract Refract Surg. (2009) 35:1072–81. doi: 10.1016/j.jcrs.2009.01.020 

 13. Mcalinden, C, Khadka, J, and Pesudovs, K. A comprehensive evaluation of the precision (repeatability and reproducibility) of the oculus Pentacam HR. Invest Ophthalmol Vis Sci. (2011) 52:7731–7. doi: 10.1167/iovs.10-7093 

 14. Savini, G, Carbonelli, M, Sbreglia, A, Barboni, P, Deluigi, G, and Hoffer, KJ. Comparison of anterior segment measurements by 3 Scheimpflug tomographers and 1 Placido corneal topographer. J Cataract Refract Surg. (2011) 37:1679–85. doi: 10.1016/j.jcrs.2011.03.055 

 15. Whang, WJ, Byun, YS, and Joo, CK. Comparison of refractive outcomes using five devices for the assessment of preoperative corneal power. Clin Experiment Ophthalmol. (2012) 40:425–32. doi: 10.1111/j.1442-9071.2012.02777.x 

 16. Savini, G, Barboni, P, Carbonelli, M, and Hoffer, KJ. Agreement between Pentacam and videokeratography in corneal power assessment. J Refract Surg. (2009) 25:534–8. doi: 10.3928/1081597X-20090512-07 

 17. Tajbakhsh, Z, Salouti, R, Nowroozzadeh, MH, Aghazadeh-Amiri, M, Tabatabaee, S, and Zamani, M. Comparison of keratometry measurements using the Pentacam HR, the Orbscan IIz, and the TMS-4 topographer. Ophthalmic Physiol Opt. (2012) 32:539–46. doi: 10.1111/j.1475-1313.2012.00942.x 

 18. González-Méijome, JM, Jorge, J, Queiros, A, Almeida, JB, and Parafita, MA. A comparison of the ARK-700A autokeratometer and Medmont E300 corneal topographer when measuring peripheral corneal curvature. Ophthalmic Physiol Opt. (2004) 24:391–8. doi: 10.1111/j.1475-1313.2004.00203.x 

 19. Chui, WS, and Cho, P. A comparative study of the performance of different corneal topographers on children with respect to orthokeratology practice. Optom Vis Sci. (2005) 82:420–7. doi: 10.1097/01.OPX.0000162642.24885.71 

 20. Jinabhai, A, Radhakrishnan, H, and O'donnell, C. Corneal changes after suspending contact lens wear in early pellucid marginal corneal degeneration and moderate keratoconus. Eye Contact Lens. (2011) 37:99–105. doi: 10.1097/ICL.0b013e31820592b1 

 21. Jinabhai, A, O'donnell, C, and Radhakrishnan, H. Changes in refraction, ocular aberrations, and corneal structure after suspending rigid gas-permeable contact lens wear in keratoconus. Cornea. (2012) 31:500–8. doi: 10.1097/ICO.0b013e31820f777b 

 22. Pasquali, T, and Krueger, R. Topography-guided laser refractive surgery. Curr Opin Ophthalmol. (2012) 23:264–8. doi: 10.1097/ICU.0b013e328354adf0 

 23. Miao, C, Xiu, X, and Zhang, H. Analysis of corneal complications in children wearing orthokeratology lenses at night. Chin J Ophthalmol. (2017) 53:198–202. doi: 10.3760/cma.j.issn.0412-4081.2017.03.010

 24. Chen, X, Liu, J, Zhang, S, and Li, L. Efficacy and security of orthokeratology lens on myopia progression in teenagers for 5 years. Rec Adv Ophthalmol. (2021) 3:236–9. doi: 10.13389/j.cnki.rao.2021.0049

 25. Sun, L, and Song, H. Pay attention to myopia, Othokeratology, standard ortho-K fitting procedure, complications. Chin J Ophthalmol Med. (2019) 9:321–327. doi: 10.3877/cma.j.issn.2095-2007.2019.06.001


Copyright
 © 2025 Qu, Yu and Zhou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Comparison of the reliability of corneal curvature and eccentricity measurements in myopic eyes using four different devices



		Introduction



		Subjects and methods



		Patients



		Instruments



		Measurement



		Statistical analysis









		Results



		Correlation



		Comparison between devices









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Comparison of the reliability of
corneal curvature and
eccentricity measurements in
myopic eyes using four different
devices












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






OPS/images/fmed-12-1519992-t001.jpg
Canon RK-F1 TMS-4 Medmont Pentacam

E300
Overall 44.06:+ 148 44214147 427147 43784143 175 3832 <005
Male 43394139 43514136 4361+135 3135132 63 1525 021
Female 44444139 4459+ 1.39 4464 141 44154137 12 2805 <005
~0.75D < SE < -3.00D 43.94:£ 150 44,09+ 1.48 44155149 43,68+ 1.46 109 2246 0.08
~3.00D<SE < ~6.00D 4435+ 043 4448+ 142 44554142 4404+ 138 61 2805 <005

SD, standard deviation; Ks, steep corneal curvature; D, diopter; E, repeated-measures analysis of variance test.





OPS/images/fmed-12-1519992-t002.jpg
Canon RK-F1 TMS-4

Medmont

E300

Pentacam

Overall 42674133 4293135
Male 42014119 42274121
Female 43.044127 43304129
~075D < SE < -3.00D 42594132 42844135
~3.00D<SE < ~6.00D 42884135 4314134

4290132

42254116
13274127
4281£131

4301£134

SD, standard deviation; Kf, flat corneal curvature; D, diopter; F, repeated-measures analysis of variance test

4248133

41824119

4285+ 1.26

4239131

4269135

175
63

12

61

426
205
304
274
304

<005

<005





OPS/images/fmed-12-1519992-g003.jpg
s :
: i
:
D
; " 7

Mesn KSof TVS-4d Moo 300 () Mesn K< of TV 4 and Pt (D) ‘Mesn Ksof etinont T30 Pesscam )

Difree (0)
Difence )

M K of R s Mk £300 (D)

Diface ()

Vean Krof Medmont T30 Pnicam (1)

Meon K of TMS4 and Medmon 300 (D) Mesn KFof T4 and erscam (D)





OPS/images/fmed-12-1519992-g004.jpg
A ot
H 7
fo |
H H
O - [ - s ot Nt P e
» E o

Diteece
4

‘Moan Fm of TMS-4 and Medmont F300

Voo i SPTHE 4l Pomticon






OPS/images/fmed-12-1519992-t005.jpg
Devices Correlation Difference

P Mean difference t 95%LoA
(mean + SD)
RK-FI vs. TMS-4 Ks 0992 <001 0142019 9.96 <001 ~051~023
Kf 099 <001 026+0.12 2748 <001 ~050 ~~002
RK-F1 vs. Medmont E300 Ks 0985 <001 021£025 1077 <001 ~070~029
Kf 0.989 <001 023£020 1535 <001 ~062~016
RK-F1 vs. Pentacm Ks 099 <001 ~028+021 —18.12 <001 ~0.12~067
K 0995 <001 ~019£0.13 ~1876 <001 ~0.07~045
TMS-4 vs. Medmont E300 Ks 0983 <001 006027 315 <001 ~059~ 046
Kf 0990 <001 ~003£0.19 -208 0.039 ~0.35~ 040
Es 0.444% <001 ~0.14£019 -9.86 <001 ~022-050
Em 0716* <001 0122009 17.71 <001 ~028~005
TMS-4 vs. Pentacam Ks 099 <001 ~042£020 -2750 <001 002083
Kf 099 <001 ~045£0.13 ~1670 <001 020~070
Es 0.579% <001 007014 653 <001 ~034~020
Em 0.786* <001 0042008 582 <001 ~019~0.12
Medmont E300 vs. Pentacam Ks 099 <001 ~049+021 -3105 <001 0.08~089
Kf 0991 <001 ~042£0.18 ~30.48 <001 0.06~078
Es 0341% <001 021£017 16.62 <001 ~028~005
Em 0.838* <001 ~008005 -226 <001 ~001~0.17

The data marked with **" indicates using Spearman correlation analysis.






OPS/images/fmed-12-1519992-t003.jpg
Overall

Male

Female

~0.758 < SE < ~3.00D

~3.00D<SE < -6.00D

S-4
057+0.14
059+0.12
056+0.15
058+0.14

057015

Med

nt E300 s

043£0.17

0424017

0435017

043£0.17

043£0.16

SD, standard deviation; Es, steep meridians eccentricity, 7, Kruskal-Wallis H test.

Pentacam
0.6440.11
0.6540.11
0.6340.11
0644012

0.64:+0.10

175

63

12

109

61

135.03

7208

90.58

97.86

6145

<005

<005

<005

<005

<005





OPS/images/fmed-12-1519992-t004.jpg
Overall

Male

Female

~0.758 < SE < ~3.00D

~3.00D<SE < -6.00D

S-4
052£0.10
052£0.11
052£0.10
052£0.11

052009

Medmont E300
063+0.08
063 +0.09
063 +0.07
063+0.08

0.64:+007

SD, standard deviation; Es, steep meridians eccentricity; 1°, Kruskal-Wallis H test.

Pentacam
0554008
0564009
0554008
0554009

0.56+0.08

175

63

12

109

61

160.80

41.62

94.69

77.20

53.89

<005

<005

<005

<005

<005





OPS/images/fmed-12-1519992-g001.jpg
B B
sl ]
23 i
3 5%
: E
<1 H
i g
ad H
H EH
B H
o i = ak
= e fapases 3 10 T R

iy b
g nE
E T
H .1
.. <8
b : £
H i
5t H
£ s

L N - ) -

- El

T s Gqpase s o s S “amseing q e o e
: °% 23
H =
B a1
*d £
Z 3%
3% 4
. = c2
< % N e

 ooga woupoiy Aq panseai 4o nfea

“loocan

Mol 4 pam

g g0 e g





OPS/images/fmed-12-1519992-g002.jpg
& s
H
i .
7, i
H
H “
i i
2 2
: e
4 3
I
the valuc of ks mearsurcd by RI-KI(D) vt il e SN the vilue of ks mearsured by RF-K1(D)
"

oo
Yx078

S

[ ———

vl ofks mearred by Mdmont ESUOD)

s

I I ]

LEETE T N IR e ety THSAD) et ety Mo 300,
i gﬁ =i

: )
]
i e I:
1, i in
i, e £
= mm R PR .

R s f s by K1) s sy AT,
J éu glb
— 1
. L i
H H
z, i
ie i
H i,

o ] the valo ofkf messured by TMS-D)





