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ABSTRACT: The lens in human eyes possesses elastic properties that 

facilitate shape change to focus light onto the retina, with ultrasound 

elastography shear wave being a common imaging technique to assess tissue 

elasticity. This study aimed to determine the correlation between lens 

elasticity and various factors across different age ranges, including refractive 

error and biometric properties (axial length and lens thickness). The study 

included responses from 84 individuals aged 19 to 65, with eligibility 

determined through tests assessing refractive errors and visual acuity. Axial 

length and lens thickness were measured after selecting the best eye for 

testing, followed by scanning with ultrasound elastography using shear wave 

technology. The data analysis revealed a significant correlation between 

participants' age and lens elasticity (r = 0.83, P = 0.00), an insignificant 

correlation between elasticity and refractive error (r = 0.247), weak correlations 

with axial length (r = 0.006), lens thickness (r = 0.27, P = 0.14), and a negative 

correlation between axial length and lens thickness (r = 0.233, P = 0.033). The 

results indicated that the alterations do not appreciably influence lens 

elasticity changes with age, but the variations in refractive error or ocular 

morphology. 
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1.0 INTRODUCTION 

The human eye is a complex biological and optical system that has been 
extremely well developed to fulfil the visual requirements of the 
subject. The cornea and lens combine their refractive properties to 
provide the focusing ability of the human eye [1]. For the duration of 
an organism's life, the lens forms a distinct cellular structure and 
protein complements, and they stop undergoing cell division and 
changeover upon completing the maturation and differentiation 
stages. Instead, the lens is maintained throughout the entirety of the 
individual's life in a state of functional and structural integrity [2]. 

The lens is a unique tissue comprising layers of relatively dense fibre 
cells containing crystallins and highly stable proteins. More than 90% 
of the dry weight of the lens is composed of crystallins [3], which 
maintain its transparency and high refractive index. As a result, light 
can be focused on the retina [4-5]. A thin and translucent membrane 
creates the lens capsule, which encloses the crystalline lens within the 
eye [6-8]. The critical responsibilities of the capsule are related to its 
physical and mechanical duties in sustaining the lens shape and 
accommodation processes [7]. Accommodation changes the eye's 
dioptric power [9-10]. 

Formally, diopter is the term of a lens optical power standard 
measurement equivalent to the reciprocal of the focal length expressed 
in metres. To accommodate for near distance, the eye undergoes 
gradual modifications to the lens's shape, thickness, and refractive 
surface [11-13].  

The degree of this process diminishes with age in the adult human 
eye, reaching a minimum by middle age. This phenomenon is referred 
to as presbyopia, which develops when a decline in the eye's focusing 
range that is physiologically typical and associated with ageing reaches 
a point [14-15].  

Evaluation of the elastic properties of tissues utilises various 
methods resulting from the invention of X-ray imaging in the late 19th 
century, which provides a good instrument for diagnosis, screening, 
and treating therapeutic conditions. The medical imaging discipline 
has produced a wide variety of sophisticated methods. These 
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instruments can measure and visualise various physical properties, 
from absorption coefficients to twist relaxations [16-17]. Thus, various 
non - non-destructive imaging techniques have been used for tissue 
evaluations in the field of ophthalmology, such as Brillouin microscopy 
[18-19], Optical Coherence Tomography [20-22], Magnetic Resonance 
Elastography[23-24], and ultrasound elastography[25-27].  

Refractive error is a prevalent eye problem that affects several 
individuals worldwide. This condition arises when the geometry of the 
eye inhibits light from focussing correctly on the retina, thereby leading 
to impaired vision. There are numerous varieties of refraction errors, 
such as myopia (near-sightedness), hyperopia (farsightedness), and 
astigmatism [27-34]. The lens's biometric parameters can affect the 
degree of refractive error. The axial length and thickness of the lens are 
two of the most important biometric parameters, both having the 
potential to influence the degree to which light is bent or refracted 
while travelling through the lens. Lenses in younger people tend to be 
thinner and more elastic, making it simpler to switch focus from near 
to far. In general, biometric assessments of the lens are significant 
factors that should be considered during diagnosing and treating 
refractive problems [27, 35-39] 

However, there is data paucity regarding the relationship between 
biometric parameters and refractive error, especially among different 
age groups. Previous studies have focused on specific age groups, such 
as geriatric patients/elderly subjects or younger populations, whereas 
research encompassing these various ages is limited. Hence, the 
present study aims to determine the correlation between lens elasticity 
and various factors across different age ranges, including refractive 
error, axial length, and lens thickness. 

However, there is a lack of sufficient data on the relationship 
between biometric parameters and refractive error, particularly across 
different age groups. 

 

2.0 METHODOLOGY 
2.1 Study design 

The study is a cross-sectional investigation conducted at the 
ophthalmology and radiology departments of Hospital Sultan Abdul 
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Aziz Shah, University Putra Malaysia (UPM), Serdang, Selangor. It 
commenced in April 2022 and targeted individuals aged 19 to 65 
visiting the ophthalmology clinic. The University of Putra Malaysia's 
Ethics Committee for Research Involving Human Subjects (JKEUPM) 
approved this study on March 7th, 2022 (Ref No. JKEUPM-2022-052). 

 

2.2 Sample Size and Sampling Method  

G-Power is recommended to determine the sample size quantitatively. 
Considering a low positive correlation coefficient of 0.15 from a 
previous study, with a statistical power of 80% and a precision error 
0.05, the estimated minimum sample size required is 84 participants. 
Nevertheless, participants were selected according to the following 
inclusion criteria.  

 

2.3 Inclusion and exclusion criteria  

The inclusion criteria entailed participants visiting Hospital Sultan 
Abdul Aziz Shah and providing informed and written consent to 
participate in this study. Individuals must be between 19 and 65 years 
old and have the best possible corrected visual acuity of 6/9. A single 
eye with the clearest vision will be selected while monocularly 
identifying the best visual acuity. In terms of exclusion criteria, those 
presented with corrective eye surgery for any refractive defect ('Lasik', 
'Laser', 'PRK'), Patients with amblyopia, any previous eye surgery, 
previous trauma to the lens, or thyroid eye disease (exophthalmos), 
currently on medication that contributes to an increase in fluid 
retention within the body (water retention), cataract surgery patients 
with an intraocular lens (IOL), patients diagnosed with cataracts of a 
grade higher than one or having amblyopia, diabetes Patient with 
macula oedema, keratoconus and other corneal diseases that affect the 
axis of the eye, advanced stage of glaucoma, and total optic-nerve 
cupping with a diminished field of vision.  

 

2.4 Assessment of refractive error and biometric parameters  

Multiple eye examinations were performed on the patient eyes. The 
HUVITS® auto-refractometer was used to measure all the biometric 
parameters to determine the presence or absence of refractive errors. 
The refractive strength was equivalent to the average of the three 
values used to estimate it. Visual acuity assessment was performed as 
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described in a previous study in [10], using a computerised display 
screen, and the trial case's lens corrected any vision abnormalities. The 
results were rated as follows: 6/6, 6/9, 6/12, 6/18, 6/24, 6/36, and 6/60. In 
cases where the subject had vision issues, the visual acuity was 
determined by adding lens degrees to the frame. Both assisted and 
unaided visual acuity readings were reported for each individual. 

For further measurements, just one eye with the best vision was 
chosen. After selecting the clearest eye, the IOL master performed the 
measurements on the axil length and thickness. For the axial length and 
lens thickness assessment, the IOL master's achievement was used as 
the standard, whereby the names and birthdates of the subjects were 
entered into the device system before the actual check. Data was 
recorded using assessment sheets, and additional assessment was 
conducted in radiology employing Canon (aplio i800) instruments to 
quantify lens elasticity. The data file was stored in the ultrasound 
machine, and images were downloaded to an external pen drive.  

 

2.5 Data Analysis  

All data analyses were performed using IBM SPSS, version 26. The data 
were initially assessed for normality based on the level of skewness and 
kurtosis. Since all the continuous data were normally distributed, mean 
and standard deviation were computed as the measures of central 
tendency to summarise the dataset. Descriptive analysis determined 
the minimum, maximum, mean, and standard deviation for all the 
biometric parameters. Inferential statistics were conducted using the 
Pearson correlation coefficient, thus presenting the degree, direction 
and strength of the association between various biometric parameters 
(elasticity degree, age, refractive error, axial length, lens thickness). 

The Spearman correlation coefficient was used to analyse the 
correlation between different age groups, refraction errors, and other 
biometric variables. 

 

3.0 RESULTS AND DISCUSSION 
3.1 Descriptive results 

A total of 84 participants were recruited for this study. The age 
distribution of the participants varied, with the most significant 
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proportion falling in the 40 to 50 age range, representing 41% of the 
total subjects. This situation was followed by the 31 to 39 age group, 
which comprised 32% of the study population. Participants aged 19 to 
30 and 51 to 65 comprised 15% and 12% of the sample. These age 
characteristics are detailed in Table 1, providing a comprehensive 
overview of the demographic distribution within the study group.  

Aligning with the inclusion and exclusion criteria, none of the 
participants presented any corrective eye surgery for any refractive 
defect, any history of trauma to the lens, exophthalmos, medication 
that may promote intraocular pressure and fluid retention, cataract 
surgery, diabetes, or any corneal diseases. Thus, the participants can be 
considered appropriate to participate in this study.  

Table 1: Floating-point operations necessary to classify a sample 
Age group Frequency  Percentage  Mean (SD) 

19-30 13 15.0  

31-39 27 32.0  

40-50 34 41.0  

51-60 10 12.0  

61-65 0 0 39.61(9.60) 

 

3.2 Visual acuity and refractive error data  

The investigation into visual acuity among the participants revealed 
notable findings based on measurements targeting levels 6/6, 6/9, and 
6/12. The detailed results are as follows: 

(1) VISUAL ACUITY FINDINGS: 

• 78 eyes exhibited a visual acuity of 6/6: 

o 34 cases had normal vision without any refractive errors. 

o 44 cases required corrective lenses to achieve 6/6 vision. 

• 5 cases had a visual acuity of 6/9: 

o All 5 cases required corrective lenses. 

• 1 case had a visual acuity of 6/12: 

o This case also required corrective lenses. 
(2) ANALYSIS OF REFRACTIVE ERRORS: 

• Myopia: 

o 42 cases were identified with myopia, ranging from simple 

to moderate. 

o This group included individuals with myopic astigmatism. 

• Hypermetropia with Astigmatism: 
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o 6 cases were identified with simple hypermetropia with 

astigmatism. 

• Mixed Astigmatism: 

o 2 cases were identified with mixed astigmatism. 
(3) OVERALL PREVALENCE: 

• 12% of the observed cases had hypermetropia. 

• 4% of the observed cases had astigmatism. 

These findings provide valuable insights into the prevalence and 
correction of refractive errors among the study participants, 
highlighting the need for corrective lenses in a significant portion of the 
population to achieve optimal visual acuity. Table 2 summarises the 
visual acuity findings and the distribution of refractive errors among 
the participants.  

Table 2: Distribution of Participants According to Visual Acuity and 

Refractive Error Evaluation 
Visual 
acuity 

Number of the 
eye 

Normal 
vision 

Corrective lenses Refractive error 

6/6 78 34 44 

Myopia (42), 84.0% 
Hypermetropia with astigmatism 

(6), 12.0% 
Mixed astigmatism (2), 4.0% 

6/9 5 0 5  
6/12 1 0 1  

 

3.3 Axial length, lens thickness, and lens elasticity data 

The mean axial length measured 23.7 mm, ranging from 21.9 mm to 
27.0 mm (SD 1.00). Typically, axial length spans from 22.0 to 24.0 mm 
[40]. In 25 cases, the length exceeded 24 mm, indicating myopia-related 
complications, with 25% of these cases presenting abnormal values. 
The mean lens thickness was 3.9 mm, with a range of 3.1 to 4.7 mm (SD 
0.30). 

During ultrasonic elastography scanning, the elasticity degree, 
measured in kilopascals (kPa), exhibited distinct patterns among the 
groups studied. The ultrasound elastography image in Figure 1 
presents a color-coded representation. The region of interest (ROI) was 
identified on the lens tissue, with the sizes of the ROIs fixed at 2 mm in 
all cases and positioned on four different parts of the eye: the temporal 
and nasal. 
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Figure 1: Ultrasound elastography image with a color-coded 

representation 

The overall mean elasticity was found to be 10.24 ± 3.67 kPa. For 
individuals aged 19 to 39 years (non-presbyopia), the mean elasticity 
was recorded at 6.98 ± 1.73 kPa, which is lower than the overall mean. 
In contrast, individuals with presbyopia (40-65 years) exhibited a 
significantly higher mean elasticity of 13.21 ± 2.09 kPa, surpassing both 
the overall mean and the elasticity observed in the non-presbyopic 
group. Lower elasticity values indicate higher elasticity, while higher 
values indicate less elasticity. There is a significant difference in lens 
elasticity between the two groups. 

 

3.4 Correlation lens elasticity with age group, refractive error, and 

biometric parameters  

The analysis of the correlation between the degree of lens elasticity and 
age across the entire sample indicated a strong and significant 
association (r = 0.83, P < 0.001). This finding underscores the significant 
impact of ageing on lens elasticity. Conversely, no significant 
correlation was observed between refractive error, axial length, and 
lens thickness with the degree of elasticity, suggesting that these factors 
do not significantly influence lens elasticity. 

A negative correlation was identified between axial length and lens 
thickness (r = -0.2334, P = 0.033). This inverse relationship indicates that 
lens thickness decreases as axial length increases. This finding could 
have implications for understanding the structural changes in the eye 
associated with varying axial lengths. 

 

3.5 Discussion  

This study is among the few attempts to describe the association 
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between vital biometric parameters and refractive error among various 
age groups with lens elasticity.  

As gleaned from the present study, the participants' ages ranged 
from 19 to 65 years old, indicating even distribution in various age 
groups. Overall, 34 (28%) of the individuals' eyes demonstrated normal 
eye vision (emmetropic) with a corresponding visual acuity 6/6. In 
contrast, 50 (72%) participants reflected ametropia, which entailed 
different forms of refractive error issues. Notably, myopia (simple to 
moderate and myopia astigmatism) was detected in over three-
quarters (84%) of the participants with refractive errors were myopic 
compared to 12% and 4% of hypermetropia and mixed astigmatism, 
respectively. The high prevalence of myopia in individuals with 
refractive errors is consistent with previous studies, indicating that it 
accounts for more than half of all occurrences of refractive error in East 
Asia, Korea, Japan, Singapore, and China [39]. A previous review also 
revealed that Southeast Asian countries accounted for the higher 
prevalence of myopia in the elderly population worldwide [41]. 
Meanwhile, a wide range of myopia prevalence has been reported in 
individuals above 40 years old, such as 8% in China [42] and 51% in 
Myanmar [43].  

The low prevalence of hypermetropia is not surprising since the 
participants were mainly below the age group (55 and above) and, 
given the inclusion criteria, entailed the absence of eye surgeries or 
medication that may influence the biometric parameters. Ocular 
surgeries or ophthalmic interventions are more common in people 60 
years and above [41]. However, such older age groups were not 
recruited in the present study. In addition, the prevalence range of 
hypermetropia was reported to be wider than myopia in people above 
40 years old globally, such as 1.6% in China to > 50% in Iran, the USA 
and Nigeria [44]. Genetic, lifestyle, racial, and ocular factors may 
contribute to these discrepancies. The prevalence (10% among those 
with refractive errors) aligns with the lower bound estimate reported 
in most Southeast Asian countries [44].  

Regarding associations between age and the biometric parameters, 
participants' age correlated significantly with lens elasticity. These 
findings demonstrated that age affects the lens's biomechanical 
qualities and any flaws in the lens tissue that affect the stretching 
degree (presbyopia) [45, 46]. This result serves as an indicator of the 
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major purpose of the investigation. The correlation between age and 
lens elasticity corroborates earlier findings [41,43]. Human lens 
elasticity and the ability to alter shape during accommodation are 
pertinent for focusing on near objects. Several studies have 
demonstrated that the human lens's accommodative ability reduces 
with age and increased stiffness, leading to decreased elasticity [47,48].  

This study's refraction error correlated significantly with axial 
length and lens thickness. In other words, a degree of association was 
found between myopia and lens thickness, which aligns with several 
previous research. O'Donnell et al. [49] reported a significant difference 
in lens thickness between two refractive categories. At the same time, a 
study conducted in Singapore demonstrated alterations in lens 
thickness among children of different age categories [50]. The present 
result supports the theory of a growing and thickening crystalline lens 
as age increases [51,52]. In contrast, Xie et al. [53] found no association 
between lens thickness in different refractive age groups. The variation 
in lens thickness between age groups may result from the alteration in 
the refractive index of the crystalline lens [49].  

Additionally, there was a significant negative correlation between 
axial length and lens thickness, and both biometric parameters were 
associated with the degree of refractive errors. This finding is expected 
since myopia stems from increased axial length [44]. Accumulated 
evidence from the literature depicts that axial length and lens thickness 
are among the most critical biometric parameters, influencing the 
extent to which light bends or refracts when passing via the lens [42, 
53].  

Likewise, there was no significant correlation between refraction 
error and elasticity degree. This result implies that the degree of 
elasticity of the lens is unaffected by any refraction errors. The lens's 
biometric defaults typically bring on fractional errors; hence, biometric 
issues with the lens do not compromise its biomechanical qualities.  

This study observed no significant association between participants' 
gender and refraction errors (myopia and hyperopia). A similar result 
was reported by Donell et al. [49]. Meanwhile, some previous work 
found a lower prevalence of myopia in women relative to men [55,56] 
and a wide variation between females and males [44]. This finding 
might be due to the inclusion criteria in which the effect of vital 
biometric parameters was controlled. For instance, studies reporting 
the link between gender and myopia highlighted that the high 
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prevalence of cataracts and longer axial length encouraged such a 
relationship [41].  

In summary, while age strongly influences lens elasticity, other 
factors, such as refractive error, axial length, and lens thickness, do not 
significantly correlate with elasticity. The negative correlation between 
axial length and lens thickness highlights the complex interplay 
between different biometric parameters of the eye. 

 

4.0 CONCLUSION 

The findings indicated that refractive or biometric errors do not 
influence changes in lens elasticity due to ageing. However, refractive 
error may be impacted by the effects and irregularities in lens biometric 
factors. The study highlighted the significance of axial length and lens 
thickness in determining refractive error, especially in myopic 
conditions. These insights could be used to develop new diagnostic 
tools or treatment methods for individuals with refractive errors. 
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[6] S. Bassnett and H. S ̌ikić, "The lens growth process," Progress in Retinal and 
Eye Research, vol. 60, pp. 181-200, 2017. 
https://doi.org/10.1016/j.preteyeres.2017.04.001.. 

[7] K. S. Avetisov, N. A. Bakhchieva, S. E. Avetisov, I. A. Novikov, A. A. Frolova, A. 
A. Akovantseva, Y. M. Efremov, S. L. Kotova, and P. S. Timashev, "Biomechanical 
properties of the lens capsule: a review," Journal of the Mechanical Behavior of 
Biomedical Materials., vol. 103, pp. 103600, 2020. 
https://doi.org/10.1016/j.jmbbm.2019.103600. 

[8] B. P. Danysh and M. K. Duncan, "The lens capsule," Experimental Eye 
Research, vol. 88, no. 2, pp. 151-164, 2009. 
https://doi.org/10.1016/j.exer.2008.08.002. 

[9] E. A. Blakely, K. A. Bjornstad, P. Y. Chang, M. P. McNamara, E. Chang, G. Aragon, 
S. P. Lin, G. Lui, and J. R. Polansky, "Growth and differentiation of human lens 
epithelial cells in vitro on matrix," Investigative Ophthalmology & Visual Science, 
vol. 41, no. 12, pp. 3898-3907,  2000.  

[10] C. J. Lee, J. A. Vroom, H. A. Fishman, and S. F. Bent, "Determination of 
human lens capsule permeability and its feasibility as a replacement for 
Bruch's membrane," Biomaterials, vol. 27, no. 8, pp. 1670-1678, 2006. 
https://doi.org/10.1016/j.biomaterials.2005.09.008. 

[11] A. Glasser, "Accommodation: mechanism and measurement," Ophthalmology 
Clinics of North America, vol. 19, no. 1, pp. 1-2,  2006.  

[12] K. T. Chrzanowski, "Measurement of eyepiece diopter of direct view 
imagers," Opto-Electronics Review, vol. 28, pp.213-219, 2020. 
http://dx.doi.org/10.24425/opelre.2020.135373 

[13] J. F. Koretz, C. A. Cook, and P. L. Kaufman, "Aging of the human lens: changes in 
lens shape upon accommodation and with accommodative loss," Journal of the 
Optical Society of America, vol. 19, no. 1, pp. 144-151, 2002. 
https://doi.org/10.1364/JOSAA.19.000144.  

http://dx.doi.org/10.24425/opelre.2020.135373


INVESTIGATING LENS ELASTICITY AND ITS CORRELATION WITH REFRACTIVE ERRORS AND 

BIOMETRIC PARAMETERS ACROSS AGE GROUPS USING ULTRASONIC ELASTOGRAPHY SHEAR 

WAVE 

 

 
 e-ISSN: 2682-9177   Vol. 4    No. 2    (2024)                         13 

 

[14] J. F. Koretz, C. A. Cook, and P. L. Kaufman, "Aging of the human lens: 
changes in lens shape at zero-diopter accommodation," Journal of the 
Optical Society of America, vol. 18, no. 2, pp. 265-272, 2001. 
https://doi.org/10.1364/JOSAA.18.000265. 

[15] J. S. Wolffsohn and L. N. Davies, "Presbyopia: effectiveness of correction 
strategies," Progress in Retinal and Eye Research, vol. 68, pp. 124-143, 2019. 
https://doi.org/10.1016/j.preteyeres.2018.09.004. 

[16] M. S. Singh and A. Thomas, "Photoacoustic elastography imaging: a 
review," Journal of Biomedical Optics, vol. 24, no. 4, pp. 040902, 2019. 
https://doi.org/10.1117/1.JBO.24.4.040902. 

[17] Ormachea and K. J. Parker, "Elastography imaging: the 30 year perspective," 
Physics in Medicine & Biology, vol. 65, no. 24, pp. 24TR06, 2020. 
https://doi.org/10.1088/1361-6560/abca00. 

[18] S. H. Yun and D. Chernyak, "Brillouin microscopy: assessing ocular 
tissue biomechanics," Current Opinion in Ophthalmology, vol. 29, no. 
4, pp. 299, 2018. https://doi: 10.1097/ICU.0000000000000489 

[19] S. T. Bailey, M. D. Twa, J. C. Gump, M. Venkiteshwar, M. A. Bullimore, and R. 
Sooryakumar, "Light-scattering study of the normal human eye lens: elastic 
properties and age dependence,"  IEEE Transactions on Biomedical Engineering, 
vol. 57, no. 12, pp. 2910-2917,  2010. https://doi.org/10.1109/TBME.2010.2052393.  

[20] X. Feng, Y. Wang, J. Liang, Y. Xu, J. Ortega-Usobiaga, and D. Cao, 
"Analysis of lens thickness distribution based on swept-source optical 
coherence tomography (SS-OCT)," Journal of Ophthalmology, 2021, pp. 
4717996, 2021. https://doi.org/10.1155/2021/4717996. 

[21] Y. Li, J. Zhu, J. J. Chen, J. Yu, Z. Jin, Y. Miao, A. W. Browne, Q. Zhou, and Z. Chen, 
"Simultaneously imaging and quantifying in vivo mechanical properties of 
crystalline lens and cornea using optical coherence elastography with acoustic 
radiation force excitation," APL Photonics, vol. 4, no. 10, pp. 106104, 2019.  

[22] Z. Jin, R. Khazaeinezhad, J. Zhu, J. Yu, Y. Qu, Y. He, Y. Li, T. E. Alvarez-
Arenas, F. Lu, and Z. Chen, "In-vivo 3D corneal elasticity using air-
coupled ultrasound optical coherence elastography," Biomedical 
Optics Express, vol. 10, no. 12, pp. 6272-6285, 2019. 
https://doi.org/10.1364/BOE.10.006272.  

[23] Y. K. Mariappan, K. J. Glaser, and R. L. Ehman, "Magnetic resonance elastography: 
a review," Clinical Anatomy., vol. 23, no. 5, pp. 497-511, 2010. 
https://doi.org/10.1002/ca.21006.  

[24] D. V. Litwiller, S. J. Lee, A. Kolipaka, Y. K. Mariappan, K. J. Glaser, J. S. 
Pulido, and R. L. Ehman, "MR elastography of the ex vivo bovine 



Asian Journal of Medical Technology (AJMedTech) 
 

 
 e-ISSN: 2682-9177   Vol. 4    No. 2    (2024)                         14 

 

globe," Journal of Magnetic Resonance Imaging, vol. 32, no. 1, pp. 44-
51, 2010. https://doi.org/10.1002/jmri.22217. 

[25] H. Zhou, H. Yan, W. Yan, X. Wang, and Q. Li, "In vivo ultrasound elastographic 
evaluation of the age-related change of human lens nuclear stiffness," BMC 
Ophthalmology, vol. 20, pp. 1-4,  2020. https://doi.org/10.1186/s12886-020-01404-1. 

[26] H. Y. Zhou, H. Yan, W. J. Yan, and X. C. Wang, "Ultrasound 
elastography for evaluating stiffness of the human lens nucleus with 
aging: a feasibility study," Int. J. Ophthalmol., vol. 14, no. 2, p. 240, 2021. 
https://doi.org/10.18240/ijo.2021.02.09. 

[27] H. Y. Zhou, H. Yan, W. J. Yan, X. C. Wang, and Q. Y. Li, "Noninvasive stiffness 
assessment of the human lens nucleus in patients with anisometropia using an 
ultrasound elastography system," International Journal of Ophthalmology., vol. 
13, no. 3, pp. 399, 2020. https://doi.org/10.18240/ijo.2020.03.05. 

[28] E. N. Harb and C. F. Wildsoet, "Origins of refractive errors: 
environmental and genetic factors," Annual Review of Vision Science., 
vol. 5, pp. 47-72, 2019. https://doi.org/10.1146/annurev-vision-091718-
015027. 

[29] V. D. Castagno, A. G. Fassa, M. L. Carret, M. A. Vilela, and R. D. Meucci, 
"Hyperopia: a meta-analysis of prevalence and a review of associated factors 
among school-aged children," BMC Ophthalmology, vol. 14, pp. 1-9, 2014. 
https://doi.org/10.1186/1471-2415-14-163. 

[30] K. Grødum, A. Heijl, and B. Bengtsson, "Refractive error and 
glaucoma," Acta Ophthalmologica Scandinavica., vol. 79, no. 6, pp. 560-
566, 2001. https://doi.org/10.1034/j.1600-0420.2001.790603.x. 

[31] U. Schiefer, C. Kraus, P. Baumbach, J. Ungewiß, and R. Michels, "Refractive errors: 
epidemiology, effects and treatment options," Deutsches Arzteblatt International, 
vol. 113, no. 41, pp. 693, 2016. https://doi.org/10.3238/arztebl.2016.0693. 

[32] D. A. Atchison, C. E. Jones, K. L. Schmid, N. Pritchard, J. M. Pope, W. 
E. Strugnell, and R. A. Riley, "Eye shape in emmetropia and myopia," 
Investigative Ophthalmology & Visual Science, vol. 45, no. 10, pp. 3380-
3386, 2004. https://doi.org/10.1167/iovs.04-0292.  

[33] D. I. Flitcroft, "Emmetropisation and the aetiology of refractive errors," eye, vol. 28, 
no. 2, pp. 169-179,  2014. https://doi.org/10.1038/eye.2013.276.  

[34] V. Alvis, A. Tello, P. A. Camacho, L. M. Gómez, J. J. Rey, and A. A. 
Serrano, "Definition of refractive errors for research studies: Spherical 
equivalent could not be enough," Journal of Optometry, vol. 14, no. 2, 
pp. 224, 2021. https://doi.org/10.1016/j.optom.2020.10.003.  

[35] R. C. Augusteyn, D. Nankivil, A. Mohamed, B. Maceo, F. Pierre, and J. M. Parel, 
"Human ocular biometry," Experimental Eye Research., vol. 102, pp. 70-75,  2012. 
https://doi.org/10.1016/j.exer.2012.06.009. 

https://doi.org/10.1034/j.1600-0420.2001.790603.x
https://doi.org/10.3238/arztebl.2016.0693


INVESTIGATING LENS ELASTICITY AND ITS CORRELATION WITH REFRACTIVE ERRORS AND 

BIOMETRIC PARAMETERS ACROSS AGE GROUPS USING ULTRASONIC ELASTOGRAPHY SHEAR 

WAVE 

 

 
 e-ISSN: 2682-9177   Vol. 4    No. 2    (2024)                         15 

 

[36] R. C. Augusteyn, "On the growth and internal structure of the human 
lens," Experimental Eye Research, vol. 90, no. 6, pp. 643-654, 2010. 
https://doi.org/10.1016/j.exer.2010.01.013. 

[37] X. Ruan, Z. Liu, L. Luo, and Y. Liu, "Structure of the lens and its associations with 
the visual quality," BMJ Open Ophthalmology, vol. 5, no. 1, pp. e000459, 2020. 
http://dx.doi.org/10.1136/bmjophth-2020-000459. 

[38] J. C. Goulet-Pelletier and D. Cousineau, "A review of effect sizes and 
their confidence intervals, Part I: The Cohen's d family," Quantitative 
Methods for Psychoogy, vol. 14, no. 4, pp. 242-265, 2018. 
http://dx.doi.org/10.20982/tqmp.14.4.p242. 

[39] R. Kaiti, R. Shyangbo, I. P. Sharma, and M. Dahal, "Review on current concepts of 
myopia and its control strategies," International Journal of  Ophthalmology, vol. 
14, no. 4,  pp. 606, 2021. https://doi: 10.18240/ijo.2021.04.19.  

[40] K. M. Kamal, "A population-based study on axial ocular dimensions 
and corneal astigmatism," Malaysian Journal of Ophthalmology, vol. 1, 
no. 3, pp. 158-159, 2019. https://doi: 10.35119/MYJO.V1I3.98.  

[41] H. Hashemi, A. Fotouhi, A. Yekta, R. Pakzad, H. Ostadimoghaddam, and M. 
Khabazkhoob, "Global and regional estimates of prevalence of refractive errors: 
Systematic review and meta-analysis," Journal of  Current Ophthalmology, vol. 
30, no. 1, pp. 3-22,  2018. 

[42] C. W. Pan, Q. Chen, X. Sheng, J. Li, Z. Niu, H. Zhou, T. Wei, Y. Yuan, 
and H. Zhong, "Ethnic variations in myopia and ocular biometry 
among adults in a rural community in China: the Yunnan minority eye 
studies," Investigative Ophthalmology & Visual Science, vol. 56, no. 5, 
pp. 3235-3241, 2015. 

[43] A. Gupta, R. J. Casson, H. S. Newland, J. Muecke, J. Landers, D. Selva, and T. Aung, 
"Prevalence of refractive error in rural Myanmar: the Meiktila Eye Study," 
Ophthalmology, vol. 115, no. 1, pp. 26-32, 2008. 

[44] A. Hashemi, M. Khabazkhoob, and H. Hashemi, "High prevalence of 
refractive errors in an elderly population; a public health issue," BMC 
Ophthalmoogy, vol. 23, no. 1, pp. 38, 2023. 
https://doi.org/10.1186/s12886-023-02791-x. 

[45] G. Labiris, A. Toli, A. Perente, P. Ntonti, and V. P. Kozobolis, "A systematic review 
of pseudophakic monovision for presbyopia correction," International Journal of  
Ophthalmology, vol. 10, no. 6, pp. 992-1000, 2017.  

[46] P. Jin, J. Zhu, H. Zou, L. Lu, H. Zhao, Q. Li, et al., "Screening for 
Significant Refractive Error Using a Combination of Distance Visual 
Acuity and Near Visual Acuity," PLoS ONE, vol. 10, no. 2, pp. e0117399, 



Asian Journal of Medical Technology (AJMedTech) 
 

 
 e-ISSN: 2682-9177   Vol. 4    No. 2    (2024)                         16 

 

2015. https://doi.org/10.1371/journal.pone.0117399.  

[47] H. Hashemi, M. Khabazkhoob, P. Nabovati, H. Ostadimoghaddam, S. Shafaee, A. 
Doostdar, and A. Yekta, "The Prevalence of Age-Related Eye Disease in an Elderly 
Population," Ophthalmic Epidemiology, vol. 24, no. 4, pp. 222-228, 2017.  

[48] S. Krishnaiah, M. Srinivas, R. C. Khanna, and G. N. Rao, "Prevalence 
and risk factors for refractive errors in the South Indian adult 
population: The Andhra Pradesh Eye disease study," Clinical 
Ophthalmology, vol. 3, pp. 17-27, 2009. 

[49] C. O'Donnell, A. Hartwig, and H. Radhakrishnan, "Correlations between 
refractive error and biometric parameters in human eyes using the LenStar 900," 
Contact Lens and Anterior Eye, vol. 34, no. 1, pp. 26-31, 2011. 
https://doi.org/10.1016/j.clae.2010.10.006.  

[50] H. B. Wong, D. Machin, S. B. Tan, T. Y. Wong, and S. M. Saw, "Ocular 
component growth curves among Singaporean children with different 
refractive error status," Investigative Ophthalmology & Visual Science, 
vol. 51, pp. 1341-1347, 2010. 

[51] Y. F. Shih, T. H. Chiang, and L. L. Lin, "Lens thickness changes among 
schoolchildren in Taiwan," Investigative Ophthalmology & Visual Science, 
vol. 50, pp. 2637-2644, 2009. 

[52] W. N. Charman, "The eye in focus: accommodation and presbyopia," 
Clinical and Experimental Optometry, vol. 91, pp. 207-225, 2008.  

[53] R. Xie, X. T. Zhou, F. Lu, M. Chen, A. Xue, S. Chen, et al., "Correlation between 
myopia and major biometric parameters of the eye: a retrospective clinical study," 
Optometry and Vision Science, vol. 86, pp. E503-E508, 2009. 

[54] R. Varma, M. Torres, R. McKean-Cowdin, F. Rong, C. Hsu, and X. Jiang, 
"Prevalence and Risk Factors for Refractive Error in Adult Chinese 
Americans: The Chinese American Eye Study," American Journal of 
Ophthalmology, vol. 175, pp. 201-212, 2017.  

[55] C. S. Tan, Y. H. Chan, T. Y. Wong, G. Gazzard, M. Niti, T. P. Ng, and S. M. Saw, 
"Prevalence and risk factors for refractive errors and ocular biometry parameters 
in an elderly Asian population: the Singapore Longitudinal Aging Study (SLAS)," 
Eye (Lond.), vol. 25, no. 10, pp. 1294-1301, 2011.  

[56] R. R. Bourne, B. P. Dineen, S. M. Ali, D. M. Noorul Huq, and G. J. 
Johnson, "Prevalence of refractive error in Bangladeshi adults: results 
of the National Blindness and Low Vision Survey of Bangladesh," 
Ophthalmology, vol. 111, no. 6, pp. 1150-1160, 2004. 

  


