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The stress–strain index (SSI) is a measure of corneal material stiffness, which is
obtained using the Corvis ST algorithm based on dynamic corneal response
parameters. The reduced SSI corresponds to the longer axial length (AL). In a
previous study, we found SSI increases as the corneal curvature flattens, whereas a
flatter corneal curvature indicates a longer AL (emmetropia or myopia). Therefore,
in this cross-sectional study, we aimed to address these contradictory findings.
First, we characterized the features of SSI, curvature radius of the anterior corneal
surface (CR), and AL and analyzed their correlation with advanced myopia. Next,
we compared the relationship between AL and SSI after adjusting for the effect of
CR. We found a significant positive correlation between SSI and CR, which
contradicts the developmental law of axial myopia. Furthermore, after
accounting for the effect of CR, we observed a stronger correlation between
SSI and AL than that in the unadjusted model. In conclusion, CR is an independent
influencing factor for SSI in addition to AL, which masked the decrease in SSI
caused by prolonged AL in axial myopia.
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1 Introduction

The biomechanical properties of the cornea are often described using parameters such as
material modulus and structural stiffness (Kling and Hafezi, 2017). The Corvis ST system
measures these properties by evaluating the dynamic corneal response parameters (DCRs) of
the air pulse, where the stiffness is influenced by the elastic modulus of the cornea and the
size and shape of the air-pulse-depressurized corneal surface. Unlike linear elastic materials,
the stress–strain curve of the cornea is nonlinear, similar to most collagen-based soft tissues.
This nonlinearity makes it challenging to define the mechanical properties of the cornea
using Young’s elastic modulus test data alone. The stress–strain index (SSI) is an algorithm
predicted by DCRs under air pressure to reflect the entire stress–strain behavior of the
corneal material, independent of intraocular pressure and corneal geometry (Eliasy et al.,
2019). Previous studies have shown a correlation between reduced corneal stiffness and
lower SSI values in myopic eyes (Liu et al., 2021). Myopia is typically associated with
elongated eyeballs, but it can also be caused by a highly curved cornea and/or a lens with

OPEN ACCESS

EDITED BY

Matthew A. Reilly,
The Ohio State University, United States

REVIEWED BY

Hamid Osman,
Taif University, Saudi Arabia
Yilong Zhang,
University of Dundee, United Kingdom

*CORRESPONDENCE

Jie Wu,
wujie@sdfmu.edu.cn

†These authors have contributed equally
to this work and share first authorship

RECEIVED 10 June 2023
ACCEPTED 09 October 2023
PUBLISHED 18 October 2023

CITATION

Chu Z, Ren Q, Su W, Cui W and Wu J
(2023), Effect of central corneal curvature
on corneal material stiffness parameter
acquired by dynamic corneal responses.
Front. Bioeng. Biotechnol. 11:1237834.
doi: 10.3389/fbioe.2023.1237834

COPYRIGHT

© 2023 Chu, Ren, Su, Cui and Wu. 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.

Frontiers in Bioengineering and Biotechnology frontiersin.org01

TYPE Brief Research Report
PUBLISHED 18 October 2023
DOI 10.3389/fbioe.2023.1237834

https://www.frontiersin.org/articles/10.3389/fbioe.2023.1237834/full
https://www.frontiersin.org/articles/10.3389/fbioe.2023.1237834/full
https://www.frontiersin.org/articles/10.3389/fbioe.2023.1237834/full
https://www.frontiersin.org/articles/10.3389/fbioe.2023.1237834/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fbioe.2023.1237834&domain=pdf&date_stamp=2023-10-18
mailto:wujie@sdfmu.edu.cn
mailto:wujie@sdfmu.edu.cn
https://doi.org/10.3389/fbioe.2023.1237834
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#editorial-board
https://www.frontiersin.org/journals/bioengineering-and-biotechnology#editorial-board
https://doi.org/10.3389/fbioe.2023.1237834


increased optical power. Refractive myopia is generally considered
unrelated to ocular wall stiffness, whereas axial myopia is influenced
by it (Flitcroft et al., 2019). Therefore, in myopic eyes, a higher
proportion of axial factors leads to decreased ocular wall stiffness
and lower SSI values.

However, our previous study revealed a stronger correlation
between SSI and spherical equivalent refractive error (SER) or axial
length-to-corneal radius ratio (AL/CR) than between SSI and axial
length (AL) alone (Chu et al., 2022; Ren et al., 2023). This suggests
that the component of refractive myopia also contributes to reduced
SSI. To account for this, we adjusted for the refractive myopia
component compensated by CR and analyzed the relationship
between SSI and axial growth using the average AL during
emmetropization, which is determined with ocular refractive
power as a reference point. We observed narrower confidence
intervals and steeper slopes than those of SSI and AL.
Additionally, SSI was found to be proportional to emmetropic
AL determined by ocular refractive power, indicating that SSI
increases as CR increases (with decreased corneal refractive
power and reduced refractive myopia proportion) (Ren et al.,
2023). This suggests that factors associated with refractive
myopia gradually mask the effect of AL on SSI as myopia progresses.

Therefore, in this cross-sectional study, our aim was to confirm
whether the relationship between SSI and CR depends on the
dioptric properties of CR, thereby establishing an indirect
relationship between SSI and CR. We first characterized the
features of SSI, CR, and AL and analyzed their correlation with
advanced myopia. Subsequently, we compared the relationship
between AL and SSI after adjusting for the effect of CR.

2 Methods

This cross-sectional comparative study was conducted at the Eye
Institute of Shandong First Medical University in Qingdao, China.
The study followed the principles outlined in the Declaration of
Helsinki and was approved by the Ethics Committee of the Qingdao
Eye Hospital of Shandong First Medical University.

Participants included healthy individuals and patients
scheduled for refractive surgery at the Qingdao Eye Hospital of
Shandong First Medical University between July 2021 and April
2022. To account for the effect of axial myopia on SSI, participants
were grouped based on their AL. The study aimed to investigate the
relationship between corneal curvature and corneal biomechanics
in individuals with myopia; therefore, we excluded participants
who met any of the following criteria: 1) astigmatism of 3 diopters
(3D) or higher, 2) use of contact lenses, 3) history or suspicion of
corneal diseases such as keratoconus, and 4) history of eye surgery.
Only data from the right eye of each individual were analyzed due
to the high correlation of corneal parameters between the right and
left eyes.

To be eligible, participants’ medical records needed to include a
complete medical history and results of ophthalmic examinations
conducted on the same day, including comprehensive optometry
results after mydriasis. The mean anterior corneal curvature radius
within a 3-mm diameter range of the corneal apex (CR) and AL were
measured using the OA 2000 device (Tomey, Japan). The corneal
biomechanical parameter, SSI, was determined using the Corvis ST

device (Oculus, Wetzlar, Germany). Only measurements with “OK”
quality specifications were included in the analysis.

Statistical analysis and data visualization were performed using
R statistical software (version 4.2.2). The significance level was set at
p < 0.05. Continuous variables were summarized as mean (standard
deviation), while categorical variables were presented as sample size
(percentage). Pearson’s correlation tests were conducted to examine
the relationships between SSI, AL, and CR, and a matrix of plots was
created to analyze the correlations between these three variables.
Linear regression models were used to examine the associations
between the variables: Model 1 treated SSI as the dependent variable
and AL as the independent variable, Model 2 included an additional
adjustment for CR, and Model 3 further adjusted for the AL×CR
interaction term. The Akaike Information Criterion (AIC) (Akaike,
1974) and model likelihood ratio tests (King, 1989) were performed
to compare the model performance of these 3 models. The model
with the lowest AIC values was chosen as the best-fitting model with
the best tradeoff between the goodness of fit and complexity of the
model. The AIC can be calculated based on the following equation:
AIC = 2k—2log-likelihood, where k represents the number of model
parameters and log-likelihood represents the log-likelihood of the
model. The model likelihood ratio tests were conducted to assess the
statistical significance of the differences in model fit. Finally, a
subgroup analysis was conducted by categorizing AL into two
groups based on a cutoff score (AL < 26 mm vs. AL ≥ 26 mm).
In each group, three linear regression models were used, with and
without adjusting for CR, using AL as the predictor variable and SSI
as the dependent variable. All models were adjusted for age and sex.

3 Results

3.1 Demographic information and clinical
variables on study participants

Table 1 displays the demographic information and clinical
variables of our study subjects. A total of 267 participants were
included in the present study. As shown in Table 1, continuous

TABLE 1 Characteristics of our study subjects.

Characteristic N = 267a

Gender

Female 145 (54%)

Male 122 (46%)

Age, year 22 (8)

SSI 0.82 (0.15)

CR, mm 7.78 (0.24)

AL, mm 26.01 (1.48)

AL (categorical)

<26 mm 135 (51%)

≥26 mm 132 (49%)

Abbreviations: SSI, stress-strain index; CR, curvature radius of the anterior corneal surface;

AL, axial length.
an (%); Mean (SD).
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FIGURE 1
A matrix of plots showing the correlations between SSI, AL, and CR. The units of AL and CR are millimeters. Abbreviations: SSI: stress–strain index;
CR, curvature radius of the anterior corneal surface; AL: axial length.

TABLE 2 Results of linear regression models.

Model 1 Model 2 Model 3

(Intercept) 1.41 *** 0.05 −1.75

[1.08, 1.74] [-0.54, 0.63] [-12.55, 9.05]

Age, year 0.00 0.00 0.00

[-0.00, 0.00] [-0.00, 0.00] [-0.00, 0.00]

Male gender 0.01 −0.01 −0.01

[-0.03, 0.04] [-0.05, 0.02] [-0.05, 0.02]

AL, mm −0.02 *** −0.04 *** 0.03

[-0.04, −0.01] [-0.06, −0.03] [-0.39, 0.44]

CR, mm 0.23 *** 0.46

[0.15, 0.32] [-0.92, 1.85]

AL×CR −0.01

[-0.06, 0.04]

N 267 267 267

AIC −244.8 −271.4 −269.5

Notes: N represents the sample size in each model. The 95% confidence intervals were used to describe the uncertainties of coefficients. All coefficients were reported using unstandardized

coefficients. ***p < 0.001; **p < 0.01; *p < 0.05.

Abbreviations: SSI, stress–strain index; AL, axial length; CR, curvature radius of the anterior corneal surface; AIC, akaike information criterion.
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variables are summarized as mean (standard deviation), and
categorical variables are summarized as sample size (percentage).

3.2 Correlations between SSI, AL, and CR

To examine the relationships between SSI, AL, and CR,
Pearson’s correlation tests were performed. As shown in
Figure 1, the results suggested a negative correlation between SSI
and AL (r = −0.212, p < 0.001), a positive correlation between SSI
and CR (r = 0.172, p = 0.005), and a positive correlation between AL
and CR (r = 0.432, p < 0.001).

3.3 Results of linear regression models

As stated in the section on Statistical analyses, three linear
regression models were performed to study the associations
between SSI, AL, and CR. The results of the three regression
models were summarized in Table 2. For Model 1, we found that
AL was negatively associated with SSI (β = −0.02, 95%
CI = −0.04 to −0.01, p < 0.001) after adjusting for age and
gender. For model 2, we found that AL was still negatively
associated with SSI (β = −0.04, 95% CI = −0.06 to −0.03, p <
0.001) after additionally adjusting for CR, while the slope (β)
changed from −0.02 (model 1) to −0.04 (model 2). In addition,
we further performed a linear regression model with an interaction
term (AL×CR) to study whether the relationship between AL and
SSI was dependent on CR. In Model 3, CR was treated as a
continuous variable, while CR was categorized into three groups
based on its mean and standard deviation to facilitate the
interpretation of the interaction term (Supplementary Figure S1).
As shown in Table 2, the interaction term was not significant
(β = −0.01, 95% CI = −0.06 to 0.04, p > 0.05), indicating that the

relationship between AL and SSI was not dependent on CR. The
AICs of Model 1, Model 2, and Model 3 were −244.8, −271.4,
and −269.5, respectively. The model likelihood ratio tests also
suggested that Model 2 was the best-fitting model (Model 2 vs
Model 1: F statistics = 29.5, p < 0.001; Model 3 vs Model 2: F
statistics = 0.1, p = 0.74).

Finally, additional four linear regression models with SSI as the
dependent variable were performed separately for individuals with
AL < 26 and AL ≥ 26. The model results are shown in Table 3.
Among participants with AL < 26, the unadjusted model (i.e., the
model did not include CR) showed that AL was not associated with
SSI (β = −0.02, 95% CI = −0.06 to 0.01, p = 0.13), while the adjusted
model (i.e., the model included CR) showed that AL was negatively
associated with SSI (β = −0.05, 95% CI = −0.09 to −0.02, p < 0.01).
However, among participants with AL ≥26, we did not observe a
significant association between AL and SSI neither in the unadjusted
model (β = −0.02, 95% CI = −0.04 to 0.01, p = 0.25) or in the adjusted
model (β = −0.03, 95% CI = −0.05 to 0.00, p = 0.0591).

4 Discussion

This study aimed to investigate the correlation between central
corneal curvature and corneal biomechanical behavior parameters
acquired using DCRs from a dioptric perspective, to address
conflicting conclusions reported in previous studies regarding the
relationship between SSI and AL in myopic eyes. For this purpose,
linear regression models were established to examine the
associations between the variables. The comparison of model
performance using AIC and model likelihood ratio tests provided
valuable insights into the performance of the three models (Table 2).
Based on the AIC, Model 2 exhibited the lowest value, indicating the
best fit to the data among the three models. Furthermore, the model
likelihood ratio tests also supported the superiority of Model 2 over

TABLE 3 Results of a subgroup analysis.

Participants with AL < 26 Participants with AL ≥ 26

Unadjusted Adjusted Unadjusted Adjusted

(Intercept) 1.49 *** −0.04 1.12 ** 0.12

[0.71, 2.28] [-1.00, 0.92] [0.45, 1.80] [-0.90, 1.13]

Age, year −0.00 0.00 0.00 * 0.00 *

[-0.01, 0.00] [-0.00, 0.00] [0.00, 0.01] [0.00, 0.01]

Male gender 0.04 0.01 −0.03 −0.05

[-0.02, 0.09] [-0.04, 0.06] [-0.08, 0.02] [-0.10, 0.01]

AL, mm −0.02 −0.05 ** −0.02 −0.03

[-0.06, 0.01] [-0.09, −0.02] [-0.04, 0.01] [-0.05, 0.00]

CR, mm 0.28 *** 0.16 *

[0.17, 0.40] [0.04, 0.29]

N 135 135 132 132

Notes: N represents the sample size in each model. The 95% confidence intervals were used to describe the uncertainties of coefficients. All coefficients were reported using unstandardized

coefficients. The term “Unadjusted” indicates that the models did not include CR, while the term “Adjusted” indicates that the models included CR. ***p < 0.001; **p < 0.01; *p < 0.05.

Abbreviations: SSI, stress–strain index; AL, axial length; CR, curvature radius of the anterior corneal surface.
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the other models. Taken together, our findings suggested that Model
2 (including AL and CR as independent variables) captures the data
patterns more effectively than Models 1 and 3. Finally, the study
found a positive correlation between SSI and CR, contrary to the
pattern observed with deepening axial myopia. After adjusting for
the effect of CR, the correlation between SSI and AL became more
significant, particularly when AL was <26 mm.

DCRs obtained from Corvis ST are influenced by internal
structures and scleral stiffness (Kling and Marcos, 2013). SSI has
been reported to be associated with reduced biomechanical strength
of the cornea related to myopia, and it has been speculated that the
correlation between SSI and AL is due to the influence of scleral
biomechanics. However, interpreting the relationship between CR
and SSI is more complex. First, in axial myopia, the biomechanical
strength of the ocular wall including the cornea decreases (Sedaghat
et al., 2020), whereas the anterior corneal surface curvature flattens
rapidly and eventually stabilizes (Gonzalez Blanco et al., 2008; Jin
et al., 2022). In this study, both CR and SSI changed in a
unidirectional manner with increasing axial myopia, with CR
increasing and SSI decreasing, consistent with theoretical
expectations. Second, the absence of a causal relationship
between the degree of refractive myopia and the biomechanical
strength of the cornea suggests that the correlation between CR and
SSI may be indirect, based on the deepening of axial myopia, i.e., a
higher CR would correspond to a lower SSI. However, we found the
opposite result, indicating that the correlation between CR and SSI
was not based on the indirect correlation observed with increasing
AL. Third, the linear regression models used in the study
demonstrated that the relationship between AL and SSI was not
dependent on CR, suggesting that CR is an independent influencing
factor for SSI.

The SSI algorithm was developed by using the least squares
method based on numerical modeling input and output parameters
CCT, bIOP, and stiffness parameter at highest concavity (SP-HC),
while corneal curvature was fixed at 7.8 mm (Eliasy et al., 2019).
Therefore, after correcting for a wide range of CCT and bIOP values
by the least squares method, SSI may still be affected by CR through
SP-HC. As a DCR-based stiffness parameter, SP-HC is defined as the
final load at corneal pressure divided by the difference between the
corneal deflection and the maximum depression value at that time,
reflecting the structural properties of the cornea. Differences in
corneal curvature can lead to an uneven distribution of air-puff-
related stress, resulting in unaccounted strain and variations in SP-
HC. While corneal geometry may influence the acquisition of SSI to
some extent, the SSI itself should not be correlated with corneal
geometry since it is a material index (Eliasy et al., 2019). Considering
that the cornea and anterior sclera of normal eyes reach adult levels
by the age of 2 and the posterior sclera does not reach adult levels
until the age of 13 (Fledelius and Christensen, 1996; Touzeau et al.,
2014), we speculate that the following possibility is more likely: At
the end of emmetropization, a flatter cornea may correspond to a
higher material stiffness. Following emmetropization, as myopia
develops, the ocular wall continues to expand, leading to AL growth
in the posterior pole of the sclera and CR increasing. In other words,
CR reflects the material stiffness of the anterior structure of the
eyeball, whereas AL reflects the posterior pole. Our previous study
supported the latter (Ren et al., 2023), but the former still requires
confirmation through further research.

In addition, the phenomenon of the better correlation of SSI
with SER, AL/CR, and astigmatism of the anterior corneal surface,
rather than AL (Liu et al., 2021; Chu et al., 2022; Liu et al., 2022) can
be explained to some extent, which was due to a deeper degree of
SER with steeper corneal curvature. After adjusting for the effect of
CR, the relationship between SSI and AL became more significant
than that in the unadjusted model. This suggests that flattened
corneal curvature masks the decrease in SSI caused by prolonged AL
to some extent. The lower significance observed at AL ≥ 26 mmmay
be attributed to the confounding effect of posterior scleral
staphyloma.

From the perspective of dioptric optics, this study analyzed the
relationship between SSI and CR and found it to be contrary to the
characteristic changes associated with increasing axial myopia.
These results suggest that CR is an independent influencing
factor for SSI, in addition to AL, indicating that the acquisition
of SSI may be influenced, to some extent, by corneal geometry or
that corneal flattening may be related to an increase in the material
stiffness of the corneal stroma. Furthermore, we confirmed that the
effect of CR did not alter the association between AL and the corneal
material stiffness parameter obtained through DCRs. Our findings
contribute to understanding the influence of corneal curvature on
the development of algorithms for the corneal biomechanical
behavior parameter acquired by DCRs. However, it is important
to note that the average curvature radius of the anterior corneal
surface within 3 mm of the apex, as an essential optometry
parameter, cannot fully reflect the characteristics of the
noncentral corneal region, especially when it is smaller than the
applanation length of the air pulse. Therefore, this finding does not
represent the effect of global corneal curvature on SSI acquisition.
Given the nature of cross-sectional studies, we cannot exclude the
possibility that corneal flattening may be related to the increased
material stiffness of the corneal stroma, which could lead to the
observed positive correlation between CR and SSI. Future studies
should focus on examining the relationship between SSI and the best
fitting surface of the anterior and posterior corneal surfaces while
controlling for myopia-related variables.

5 Conclusion

CR is an independent influencing factor for SSI in addition to
AL. CR masks the decrease in SSI caused by prolonged AL in axial
myopia.

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 humans were approved by the Ethics
Committee of the Qingdao Eye Hospital of Shandong First
Medical University. The studies were conducted in accordance

Frontiers in Bioengineering and Biotechnology frontiersin.org05

Chu et al. 10.3389/fbioe.2023.1237834

https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2023.1237834


with the local legislation and institutional requirements. Written
informed consent for participation was not required from the
participants or the participants’ legal guardians/next of kin in
accordance with the national legislation and institutional
requirements.

Author contributions

QR and ZC: Study design, data analysis, and manuscript
drafting; WS and WC: Data acquisition and data analysis; JW:
Manuscript revision. All authors contributed to the article and
approved the submitted version.

Acknowledgments

The authors thank Junjie Wang of Wenzhou Medical
University for helpful discussions on topics related to this
work. The authors also thank Jie Zhang and Wenjun Zhou
from Hangzhou Shansier Medical Technologies Ltd. for their
statistical advice.

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.

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fbioe.2023.1237834/
full#supplementary-material

References

Akaike, H. (1974). A new look at the statistical model identification. IEEE Trans.
Automatic Control 19, 716–723. doi:10.1109/TAC.1974.1100705

Chu, Z., Ren, Q., Chen, M., Cheng, L., Cheng, H., Cui, W., et al. (2022). The
relationship between axial length/corneal radius of curvature ratio and stress-strain
index in myopic eyeballs: using Corvis ST tonometry. Front. Bioeng. Biotechnol. 10,
939129. doi:10.3389/fbioe.2022.939129

Eliasy, A., Chen, K. J., Vinciguerra, R., Lopes, B. T., Abass, A., Vinciguerra, P., et al.
(2019). Determination of corneal biomechanical behavior in-vivo for healthy eyes using
CorVis ST tonometry: stress-strain index. Front. Bioeng. Biotechnol. 7, 105. doi:10.3389/
fbioe.2019.00105

Fledelius, H. C., and Christensen, A. C. (1996). Reappraisal of the human ocular
growth curve in fetal life, infancy, and early childhood. Br. J. Ophthalmol. 80, 918–921.
doi:10.1136/bjo.80.10.918

Flitcroft, D. I., He, M., Jonas, J. B., Jong, M., Naidoo, K., Ohno-Matsui, K., et al. (2019).
IMI - defining and classifying myopia: a proposed set of standards for clinical and
epidemiologic studies. Invest. Ophthalmol. Vis. Sci. 60, M20–M30. doi:10.1167/iovs.18-
25957

Gonzalez Blanco, F., Sanz Fernandez, J. C., and Munoz Sanz, M. A. (2008). Axial
length, corneal radius, and age of myopia onset. Optom. Vis. Sci. 85, 89–96. doi:10.1097/
opx.0b013e3181622602

Jin, G., Liu, Z., Wang, L., Zhu, Y., Luo, L., and Liu, Y. (2022). Corneal biometric
features and their association with axial length in high myopia. Am. J. Ophthalmol. 238,
45–51. doi:10.1016/j.ajo.2021.11.031

King, G. (1989). Unifying political methodology: the likelihood theory of statistical
inference. Cambridge University Press.

Kling, S., and Hafezi, F. (2017). Corneal biomechanics - a review. Ophthalmic Physiol.
Opt. 37, 240–252. doi:10.1111/opo.12345

Kling, S., and Marcos, S. (2013). Contributing factors to corneal deformation in air puff
measurements. Invest. Ophthalmol. Vis. Sci. 54, 5078–5085. doi:10.1167/iovs.13-12509

Liu, G., Rong, H., Zhang, P., Xue, Y., Du, B., Wang, B., et al. (2021). The effect of axial
length elongation on corneal biomechanical property. Front. Bioeng. Biotechnol. 9,
777239. doi:10.3389/fbioe.2021.777239

Liu, Y., Pang, C., Ming, S., and Fan, Q. (2022). Effect of myopia and astigmatism deepening
on the corneal biomechanical parameter stress-strain index in individuals of Chinese
ethnicity. Front. Bioeng. Biotechnol. 10, 1018653. doi:10.3389/fbioe.2022.1018653

Ren, Q., Chu, Z., Cui, W., Cheng, L., Su, W., Cheng, H., et al. (2023). Effect of corneal
stiffness decrease on axial length elongation in myopia determined based on a
mathematical estimation model. Front. Bioeng. Biotechnol. 11, 1145032. doi:10.3389/
fbioe.2023.1145032

Sedaghat, M. R., Momeni-Moghaddam, H., Azimi, A., Fakhimi, Z., Ziaei, M., Danesh,
Z., et al. (2020). Corneal biomechanical properties in varying severities of myopia. Front.
Bioeng. Biotechnol. 8, 595330. doi:10.3389/fbioe.2020.595330

Touzeau, O., Gaujoux, T., Sandali, O., Allouch, C., Laroche, L., and Borderie, V.
(2014). The cornea in high axial myopia. J. Fr. Ophtalmol. 37, 449–461. doi:10.1016/j.jfo.
2014.01.008

Frontiers in Bioengineering and Biotechnology frontiersin.org06

Chu et al. 10.3389/fbioe.2023.1237834

https://www.frontiersin.org/articles/10.3389/fbioe.2023.1237834/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fbioe.2023.1237834/full#supplementary-material
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.3389/fbioe.2022.939129
https://doi.org/10.3389/fbioe.2019.00105
https://doi.org/10.3389/fbioe.2019.00105
https://doi.org/10.1136/bjo.80.10.918
https://doi.org/10.1167/iovs.18-25957
https://doi.org/10.1167/iovs.18-25957
https://doi.org/10.1097/opx.0b013e3181622602
https://doi.org/10.1097/opx.0b013e3181622602
https://doi.org/10.1016/j.ajo.2021.11.031
https://doi.org/10.1111/opo.12345
https://doi.org/10.1167/iovs.13-12509
https://doi.org/10.3389/fbioe.2021.777239
https://doi.org/10.3389/fbioe.2022.1018653
https://doi.org/10.3389/fbioe.2023.1145032
https://doi.org/10.3389/fbioe.2023.1145032
https://doi.org/10.3389/fbioe.2020.595330
https://doi.org/10.1016/j.jfo.2014.01.008
https://doi.org/10.1016/j.jfo.2014.01.008
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2023.1237834

	Effect of central corneal curvature on corneal material stiffness parameter acquired by dynamic corneal responses
	1 Introduction
	2 Methods
	3 Results
	3.1 Demographic information and clinical variables on study participants
	3.2 Correlations between SSI, AL, and CR
	3.3 Results of linear regression models

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


