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Abstract

e Biomechanical study of the visual system by ocular
response analyzer investigates the inter-structural biological
relationships, mechanics, and function of the visual system.
This review aimed to investigate the changes in corneal
biomechanical parameters with age and sex. The articles
published in PubMed between 2000 and 2021 were
investigated and critiqued, and valid scientific evidence
was collected, reviewed and concluded according to the
inclusion and exclusion criteria. Most studies showed
that corneal biomechanical changes occur infrequently in
children up to the age of 20y, and with increasing age and
wider age range, there was a significant decrease in corneal
biomechanical indices, especially corneal hysteresis. In
children and adults, most studies have shown that these
biomechanical indicators, especially corneal resistance
factor, were higher in females. Although hormonal changes
may contribute to this finding, the role of axial length and
other biometric indicators should not be ignored. The axial
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length, the intraocular pressure, and the corneal thickness
are other factors associated with biomechanical parameters
that should be taken into account in clinical diagnosis and
management especially for patients undergoing refractive
surgery as well as keratoconus patients.

e KEYWORDS: ocular response analyzer; corneal
biomechanics; visual function; children; elderly
DOI:10.18240/ijo.2025.01.19

Citation: Hashemi H, Shokrollahzadeh F, Ostadimoghaddam H,
Yekta A, Khabazkhoob M. Comparison of biomechanical indices
measured by ocular response analyzer between children and elderly: a
systematic review. Int J Ophthalmol 2025;18(1):154-159

INTRODUCTION

iomechanical study of the visual system investigates the
B inter-structural biological relationships, mechanics, and
function of the visual system!". These biomechanical properties
are affected in some diseases associated with less corneal
stability including keratoconus”™. Since biomechanical
stability depends on the order and organization of structural
components within the cornea, biochemical, cellular, and
microstructural changes including a decrease in the mean
diameter of corneal fibrils as well as the distance between
collagen fibers are expected to have negative consequences
on the corneal structural integrity and therefore could lead to
abnormal deformation of the cornea under intraocular pressure
(IOP)™.
In addition, corneal biomechanics play a role in the outcome
of any procedure in which corneal lamellae are transected.
For example, when the structure of the cornea is altered
in a procedure that involves central corneal thinning, IOP
measurements using conventional tonometry methods would
be invalid, and other technologies should be used”™”. A better
understanding of corneal biomechanics helps in improving
the outcomes of refractive surgeries, early detection of corneal
ectatic disorders, improving treatment methods aimed at
strengthening the corneal tissue and diagnosis, management,
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and follow-up of glaucoma patients” **. Studies in this field
are significantly limited”. On the other hand, the subjects
in different available studies were in different age groups
while in older people depending on age and sex, the corneal
biomechanical changes occur due to age-related hormonal
and tissue changes'”. Also, some reports were not presented
completely and separately according to different variables or a
specific group of patients, including those with glaucoma, have
been studied"' .

The biomechanical parameters including corneal hysteresis
(CH) and corneal resistance factor (CRF) indicate the viscosity,
elasticity and corneal rigidity properties'”. The lower these
values, the lower the biomechanical strength of the cornea.
The viscoelastic properties of the cornea differ in the elderly
compared to younger individuals due to age-related changes in
all individual’s connective tissues. It has also been suggested
that racial differences can cause differences in biomechanical
characteristics. Therefore, the results can be different in
different races and ages""”.

Limited studies have been conducted worldwide regarding
the effect of different demographic and biometric parameters
on biomechanical indices. Knowledge of the normal values of
corneal biomechanical parameters in the two age groups under
18 and above 60y could provide valuable information for better
diagnosis of corneal diseases and differences in the process
of treatment and follow-up of these diseases in these two age
groups. Therefore, this review study aimed to investigate
the corneal biomechanical indices and their differences in
these two age groups in the world for practical use in corneal
diseases and even systemic and ocular diseases affecting the
cornea such as diabetes and glaucoma.

RESEARCH METHODS AND DESCRIPTION OF THE
EVIDENCE

In this study, a search was conducted on Internet databases
(between 2008 and 2024) with the following keywords in
English: prevalence, epidemiology, incidence, rates, ocular
response analyzer (ORA), child, elderly, corneal biomechanics,
corneal hysteresis, CRF, central corneal thickness, intraocular
pressure. These keywords were independently searched on
PubMed, Science Direct, Scopus and Medline (Ovid), Embase,
CINAHL, PsycINFO, Cochrane Central (CDSR, DARE, NHS
EED, HTA), PSYNDEX plus, Social SciSearch, GIN, and
Medion Google Scholar. The search process is described in
the flowchart (Figure 1). In this review article, the following
inclusion and exclusion criteria were considered for selecting
or not selecting the papers:

1) The paper’s publication date should be between January
2000 to January 2021.

2) The paper should be focused on the studied subject and
related to the title and purpose of the present review article.

Articles found in database search

N=746

v

Articles remained after deleting duplicates

N=740

v

Articles registered and scanned Excluded articles at this stage
N=740 * N=310
; - - Excluded articles due to
Articles reviewed in full text inconsistencies with the intended
N=430 ’ study population
N=396

v

Final eligible articles

N=34

Figure 1 The flowchart illustrating the selection process of articles.

3) The paper must be published in full.

4) The paper should consider other ORA-derived parameters
related to corneal biomechanics such as IOP.

5) The paper should not be related to specific populations, such
as patients with corneal diseases.

6) Similar or duplicate articles were categorized and based
on the last year of publication and the impact factor of the
publishing journal, the required papers were selected and the
rest were excluded from the study.

Thus, different articles were obtained. According to the
inclusion and exclusion criteria, 34 final articles were selected
and the rest were excluded from the study. These selected
articles were discussed, reviewed, critiqued and concluded,
in terms of subject matter, method of study, and published
conclusions.

RESULTS

Of the 746 articles found, 34 articles were finally included in
this study. The study population in the present review was two
age groups of children and the elderly in the normal population
considering that corneal problems and corneal surgeries affect
the results and net values of biomechanical indices are not
obtained in these cases for comparison between the two age
groups.

Relationship Between Age and Biomechanical Parameters
The results of this review indicate significant age-related
changes in corneal biomechanical parameters. Tables 1!*'**"
and 217?333 show the results separately for children and
the elderly.

As seen, there are obvious differences in biomechanical
findings between age groups less than 18y and over 60y
among different studies. The studies proposed different reasons
for observing this difference. For example, the study by El
Massry et al™ show that the overall means of CH and CRF in
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Table 1 Studies of CH and CRF by ocular response analyzer in the elderly

Study Year Sample size Age (y) Country CH (mm Hg) CRF (mm Hg)
Kamiya et a/™ 2009 204 19-89 Japan 10.10+1.5 10.10+1.6
Narayanaswamy et a/™” 2011 1136 44-83 China 10.6+1.50 10.10+1.60
Hwang et al™ 2013 958 26.7+6.1 South Korea 10.10+1.4 9.90+1.6
Sen et /" 2014 122 69.646.6 Turkey 9.10+1.4 8.9+1.7
Strobbe et al™® 2014 400 58.8+17.2 Italy 10.0+1.6 10.5+1.7
Rosa et a/™” 2015 105 43.1#15.4 Italy 10.26+1.49 10.38+1.64
Johannesson et a/*” 2015 43 64-79 Sweden 10.00+1.3 10.20+1.5
Sharifipour et a/®" 2016 51 60-69 Iran 10.3241.9 10.22+1.8
Schweitzer et g/’ 2016 624 75-96 France 9.40+1.9 9.841.9
Al-Arfaj et al”*® 2016 215 33.6+11.75 Saudi Arabia 11.6+2.11 11.0742.31
Celebi et a/*” 2018 2039 42.30+14.64 Turkey 11.49+1.89 11.40+2.30
El Massry et al™ 2020 102 >50 Egypt 9.5+1.6 9.6+1.8
Shokrollahzadeh et a/™ 2022 420 69.3+6.5 Iran 8.37+1.55 9.60+1.70
Sekimitsu et a/® 2023 87512 56.3 UK 10.40+1.91 10.55+1.98
Du et a/® 2023 290 27.56+8.50 China 10.26+1.34 10.20+1.64
Culina et af®” 2024 40 48-83 Croatia 8.86+2.44 10.04#2.32
Yii et a/™® 2024 10488 40-69 UK 10.7+1.8 10.8+1.9
Stuart et a/*” 2024 68738 56.7+8.0 UK 10.6%1.7 10.7+1.8
Stuart et al™” 2024 22845 62.7410.1 Canada 10.1#1.7 10.0+ 1.8
CH: Corneal hysteresis; CRF: Corneal resistance factor.
Table 2 Studies of CH and CRF by ocular response analyzer in children

Study Year Sample size Age (y) Country/region CH (mm Hg) CRF (mm Hg)
Chang et al® 2010 126 12.02#3.19 Taiwan, China 11.00£1.29 11.03+1.46
Momeni-Moghaddam et a/*" 2019 468 11-15 Iran 10.81+2.06 11.16+2.08
Bueno-Gimeno et a/*” 2014 293 6-17 Spain 12.12+1.71 12.30+1.89
Sen et a/™” 2014 93 13.142.9 Turkey 10.8+1.6 10.8+1.6
Sharifipour et a/®" 2016 56 10-19 Iran 12.51+1.8 12.10+1.9
El Massry et al™ 2020 508 10-20 Egypt 10.9+2.4 10.9+2.4
Du et a/l® 2023 65 13.85+2.81 China 11.1241.20 11.00£1.69
Marinescu et a/® 2023 170 15.26+2.69 Romania 11.79+1.98 11.98+2.17
Aydin Eroglu et a/®" 2024 73 6-17 Turkey 10.841.9 11.4+#1.9

CH: Corneal hysteresis; CRF: Corneal resistance factor.

the oldest group were significantly lower than in the youngest
group.

This finding was attributed to the change in the elasticity of
the cornea and the decrease in this property due to aging.
In another study, Kamiya et al'' stated that the viscoelastic
properties of the cornea remained constant with age, which
contradicted the conclusion of the previous study. However,
it was also stated that since CRF had a positive relationship
with Goldmann-correlated intraocular pressure (I0OPg) and
CH did not, and a significant increase in IOPg was seen with
age, it can be concluded that the viscoelasticity of the cornea
decreases with age. As a result, changes in CH and CRF are
compensated for simultaneously with an increase in IOP.
The authors recommended further studies with larger sample

14]

sizes''!. Narayanaswamy et al'"”! also suggested that age-

related changes in the corneal stroma, including increased
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stromal fibril diameter and inter-fibrillary cross-linking, could
theoretically lead to increased corneal stiffness. In another

study conducted by Hashemi et al””!

in children aged 6y to
18y, these two variables did not show significant age-related
changes in this age range. Chang and Lim did not observe
significant changes in these indices with age in children
aged 12y to 15y"". Narayanaswamy et al'"”’ showed that at
older ages, advancing age was associated with a significant
decrease in CH and CRF. Kamiya ez al'"! also reported that in
people aged 19y to 89y, CRF and CH significantly decreased
with age without a significant change in the central corneal
thickness.

Relationship Between Sex and Biomechanical Parameters
Some studies investigated the relationship between
biomechanical parameters with demographic parameters
(sex-related differences) and other ocular parameters such as
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biometric indices. It should be noted that in studies conducted
in children such as the study by Momeni-Moghaddam e?
al’s®", there was a significant difference between males and
females and the biomechanical indices were higher in males.
This finding was explained based on the difference in structural
consistency and hormonal differences. In another study, the
means of both biomechanical values (CH and CRF) were
higher in females than in males. This study differed from the
previous study in terms of age range™™". The study by Momeni-
Moghaddam et al”" was performed on children aged 7y to
11y; the differences in sex hormones in this age group are not
completely evident. However, the study of Sharifipour et a/*"
included a wide age range of 10y to 69y, and the differences
in sex hormones are expected to be more prominent due to
reaching puberty and above. Studies in the older age ranges
were also in line with the study of Sharifipour ez a/*". In the
study by Narayanaswamy et al''”, the mean CH was higher
in women (10.8) than in men (10.4). The mean CRF was also
higher in women (10.4) than men (9.8). In another study,
the mean CH and CRF were higher in women than men'".
In contrast, in the study by Strobbe e al''*!, the relationship
between age and sex with corneal biomechanical parameters
was examined and the mean CH in women (9.9) was lower
than men (10.2). Also, the mean CRF in women (10.3) was
lower than in men (10.8). In this study, it was stated that
sex and age both affect corneal biomechanical indices, and
attributed this finding to hormonal effects. Hashemi ez /"> also
showed that CRF was significantly higher in female children
while CH was not significantly different between the two
sexes. Narayanaswamy ef al'"” showed that females had higher
CRF and CH values.

Relationship Between Biomechanical Indices and Ocular
Parameters Guo ef al™ reported in their studies that central
corneal thickness is the most important factor affecting
corneal biomechanical parameters. Regarding the relationship
between intraocular pressure and biomechanical parameters,
Li"® in a Meta-analysis compared the biomechanical
characteristics between the normal individuals and patients
with glaucoma, he showed that CH and CRF indices are
significantly lower in glaucoma patients. In another study, both
eyes of the participants were examined. The CH and CRF
were significantly inversely related to axial length. The CH
difference between the two eyes was also significantly related
to the AL difference. Decreased CH in myopic eyes may
indicate early changes in corneal or collagen-related markers;
as a result, myopic eyes are less resistant to a tensile stress of
the normal intraocular pressure, which leads to increased axial
length*". Also, changes in the metalloprotease matrix in the
collagenous tissue of the cornea and sclera can be the cause of
reduced CH in myopia®™**’. In other studies, this relationship

was also observed between biomechanical parameters with
axial length and myopia””. According to Tables 1 and 2, it
can be seen that the average values of corneal biomechanical
indices were higher in children and were in the range of 11.50
to 12 mm Hg for children and the range of 10.5 mm Hg for the
elderly.

DISCUSSION

The viscoelastic properties are part of the biomechanical

% Knowledge of biomechanical

properties of the cornea
properties provides important biological information””. The
parameters of CH and corneal resistant factor indicate the
viscosity, elasticity and resistant properties of the cornea,
and the lower these values, the lower the corneal strength'.
Practically, knowledge of corneal biomechanical status is
important in fitting contact lenses, healing corneal wounds, and
cases related to intraocular pressure!™”. In addition, in cases
such as keratoconus and changes in the corneal topography,
biomechanical indices are important and can be very helpful in
diagnosing and managing these conditions"".

Regarding the relationship between age and corneal
biomechanics, there are contradictory results, as stated in the
results section. However, it should be noted that most studies
have shown a decrease in the biomechanical characteristics
of the cornea with age, and the rest of the studies with
contradictory results are questionable due to low sample size
or sampling and analysis methods.

Table 2 shows the biomechanical values measured in different
countries in the age group of less than 18y, which were
higher than the values obtained in older ages (Table 1). All
studies pointed to the age-related decrease in biomechanical
parameters. Also, both CH and CRF values were about 10
mm Hg in people over 60 years old and about 11.5 mm Hg in
younger people. A look at all the investigated studies shows
that corneal biomechanical parameters are less affected by
age under the age of 20y, and these biomechanical changes
occur more prominently in the older ages. In other words, we
could see corneal biomechanics changes over a wide range
of ages. It seems that the energy absorption capability of
the cornea and the elastic resistance of the corneal tissue are
almost constant in the under-20s, and in the older ages the
energy absorption capability and resistance of the cornea are
declining. Strobbe et al'® showed an increase in the corneal
stromal fibril with age. Also, with increasing age, inter-fibrillar
cross-linking and glycation occur which is associated with an
increase in corneal stiffness and strength. These changes in
the cornea are inconsistent with decreasing CRF and CH with
age. This is because in some studies only CH decreased with
age and CRF which is affected by corneal stiffness, did not
change with age. However, Sharifipour e al”" explained the
corneal biomechanical changes with age as follows; although
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increasing collagen cross-linking with advancing age leads to
stiffening of the cornea, increasing the corneal water content
with age leads to a decrease in CH and CRF.

Regarding the relationship between sex and corneal
biomechanical parameters, most studies reported higher
biomechanical values, especially CRF, in women than in
men. Sex differences in corneal biomechanical indices can be
explained based on hormonal differences and their effects on
corneal structural strength. However, the role of axial length
could not be ignored in this regard. As we know from previous
studies, the axial length in females is shorter than in males,
and the inverse relationship between axial length and corneal
biomechanical indices has been reported in many studies.
Therefore, the shorter axial length may contribute to higher
corneal biomechanical parameters in women compared to men.
Limited studies are available on the relationship between
biomechanical indices and ocular parameters. Therefore, the
results are difficult to compare. A common finding among
studies is the significant effect of central corneal thickness on
biomechanical parameters. Given that the corneal thickness
is an important component affecting the elasticity of the
cornea and its flexibility, so this finding is logical. Since the
intraocular pressure is also affected by corneal thickness and
corneal thickness affects the amount of measured intraocular
pressure and even the two parameters IOPg and corneal-
compensated intraocular pressure (IOPcc) were defined
accordingly in the ORA device, so the intraocular pressure also
affects the biomechanical characteristics of the cornea.

Some studies found interesting relationships between corneal
biomechanical characteristics and some ocular parameters
such as axial length and refractive error, and reported a lower
CH in myopic eyes. Theories have been proposed in this
regard. In eyes with lower CH, the cornea and sclera are more
casily deformed, and as a result, these eyes are more prone to
increased axial length. It has also suggested that secondary
mechanical changes occur following axial length elongation,
which leads to a decrease in CH. In some studies, the values of
CH and CRF in hyperopic individuals were significantly higher
than in myopes and emmetropes which can be explained given
the reduction of structural consistency due to the older ages of
the participants'**.

In conclusion, corneal biomechanical indices, especially CH
decrease with age and these indices (especially CRF) are
higher in women than men.
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