
Open Access Journal of Ophthalmology 
ISSN: 2578-465X

MEDWIN PUBLISHERS
Committed to Create Value for Researchers

Corneal Hysteresis in Adult Indian Population J Ophthalmol

Corneal Hysteresis in Adult Indian Population

Srivastava RM*, Agrawal S, Verma S, Hussain NA and Katiyar V  
Department of Ophthalmology, King George’s Medical University, India
     
*Corresponding author: Rajat M Srivastava, Associate professor, Department of 
Ophthalmology, Room No 203, North Wing, King George’s Medical University, Chowk, Lucknow, 
India, 226003, Email: rajatmohans@gmail.com 

Research Article 
Volume 8 Issue 1

Received Date:  May 19, 2023

Published Date: June 29, 2023 

DOI: 10.23880/oajo-16000280

Abstract

Purpose: To evaluate corneal hysteresis (CH) and to study its inter-ocular variability along with its association with gender 
and age using Ocular Response Analyzer (ORA) among healthy adult Indian population.
Methods: This prospective, cross-sectional, observational study was conducted at a tertiary eye care centre in a medical 
university in India between July and December 2020. 300 healthy participants in age group between 18 to 60 years were 
recruited from amongst the residents, staff and patients coming for routine examination in Ophthalmology department. 
Participants with history of systemic/ocular disease, ocular surgery, pregnancy or spherical equivalent refraction >±1D were 
excluded from study. CH and corneal compensated intra-ocular pressure (IOP-cc) was assessed using ORA. Statistical analysis 
was done to calculate mean CH in study population. Inter-ocular and gender-wise variability in mean CH was analysed using 
independent-t test. Pearson correlation coefficient was calculated to study correlation of CH between eyes and with age, 
gender, IOP-cc and central corneal thickness (CCT). 
Results: 162 males and 134 females were recruited. The mean age was 37.5±11 years and mean CH in overall study population, 
males and females were 10.57±1.12, 10.25±0.90, 10.96±1.22 mm Hg. No significant difference in CH, IOP-cc and CCT was 
observed between eyes. A strong positive correlation was observed in CH between eyes (r=0.75, p<0.001).
Conclusions: Mean CH among healthy Indian adult is 10.57±1.12 mm Hg. CH values are higher among females compared to 
males. CH values between the two eyes in normal individuals are coherent and positively correlated.
    
Keywords: Corneal Hysteresis; Central Corneal Thickness; Corneal Compensated Intra-Ocular Pressure; Ocular Response 
Analyzer

Abbreviations: CH: Corneal Hysteresis; CCT: Central 
Corneal Thickness; CRF: Corneal Resistance Factor; IOP-cc: 
Corneal Compensated Intra-Ocular Pressure; IOP: Intra-
Ocular Pressure; ORA: Ocular Response Analyzer; SER: 
Spherical Equivalent of Refraction; OD: Right Eye; OS: Left 
Eye.

Introduction

Cornea is a visco-elastic structure, thereby implying 
that it possesses both elastic and viscous properties [1].  
With the introduction of Ocular response Analyzer (ORA), 

in vivo analysis of corneal biomechanical property has 
become almost a routine [2]. Over the last decade, corneal 
biomechanical properties like Corneal Hysteresis (CH) and 
Corneal Resistance Factor (CRF) have been increasingly 
studied in relation with various corneal Ectatic disorders 
and glaucoma [3,4]. CH is defined as the ability of the corneal 
tissue to absorb and dissipate energy during a bidirectional 
application process [5].  Alike central corneal thickness 
(CCT), CH is also considered crucial for accurate assessment 
of intra-ocular pressure (IOP) [6].  Over the years, CH role has 
evolved from a factor affecting assessment of IOP to being a 
risk factor for Glaucoma [7,8]. CH values obtained using ORA 
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were found to be repeatable in individual eyes of the same 
person but varied between individuals [9].  Studies from the 
past have indicated various ocular and demographic factors 
to affect CH [10]. Intra-ocular pressure, refractive error, 
gender, age, ocular surgeries and systemic illnesses like 
Diabetes Mellitus have been found to affect CH [11].  Low CH 
value is not only been linked but is now considered as a risk 
factor for developing Glaucoma and Keratoconus [2,5].

However, there is no universal guideline to define a 
normal CH value.  A recent meta- study assessing relationship 
between CH and glaucoma stated a CH of 11 mmHg in healthy 
eyes [3]. Various studies from different countries have 
stated different normal CH values in healthy adults ranging 
between 10.1 to 10.6mmHg [12-14].  The distribution of 
normal CH values has been found to differ not only between 
people in different parts of world but also between people 
belonging to different ethnic groups in a given geographical 
area. In United States, healthy African-Americans were found 
to have lower CH values compared to white Americans [7]. 
In absence of a universal normal CH value, it is important to 
determine its value among healthy adults in Indian context. 
To the best of our knowledge (PubMed search on 8 June, 
2020), there is very limited data for CH in healthy Indian 
adults [15].  This study may serve as a reference database for 
normal CH values in healthy adults in India.

Methods

The study was conducted at a tertiary eye care center 
in a medical university in India. The study was conducted 
according to the tenets of declaration of Helsinki. Ethical 
committee clearance was obtained from the institutional 
Ethics Committee (ECR/262/Inst/UP/2013/RR-19). This 
was a prospective, cross-sectional, observational study 
conducted over a period of six months from July 2020 to 
December 2020. Healthy participants in the age group 
between 18 to 60 years were recruited in the study after 
obtaining their informed consent. The participants were 
recruited from amongst the employees of department 
including residents, optometrist and other staff. Participants 
were also recruited from patients and their attendants 
presenting to out-patient department for routine eye check-
up. All the study participants were asked about the presence 
of any systemic or ocular illness, pregnancy and history of 
any previous eye surgery and only those with no such history 
were included. Any person with spherical equivalent of 
refraction (SER) > ±1D or non-cooperative for examination 
using ORA or with IOP outside the range of 10 to 21 mmHg 
was excluded from the study. The demographic profile 
of the participants was recorded. All study participants 
underwent complete ophthalmic evaluation including visual 
acuity assessment, anterior segment and fundus evaluation 

using 90D slit-lamp bio microscopy and refraction using 
auto refractometer. CCT was evaluated using non-contact 
pachymeter by CEM 530 (Nidek Inc., Aichi, Japan). Ocular 
Response Analyzer by G-3 (Reichert Inc., NY, USA) model 
was used to evaluate CH, Goldman-correlated IOP (IOPg) 
and Corneal-compensated IOP (IOP-cc). Corneal Resistance 
Factor (CRF) could not be measured due to lack of software 
in the present model.

Corneal Hysteresis was recorded for both eyes of every 
participant. A minimum of three CH values were recorded 
for each eye and only those values with reliability scores of 
5 and above were recorded. The mean of the three values 
was considered for analysis from each eye. Average of the 
values of the two eyes of each participant was considered for 
studying CH relationship with age and gender. Inter-ocular 
and gender-wise variability in mean CH was analyzed using 
independent-t test. Pearson correlation coefficient was used 
to study any correlation between mean CH values and age, 
IOP-cc and CCT. Confidence interval of 95% was selected and 
a ‘p’ value of <0.05 was considered significant. The statistical 
analysis was done using statistical package for social sciences 
software version 21.  

Sample Size: Using the formula n=z2σ2/d2 for estimating 
the mean in a population and using a confidence coefficient 
of 0.95 (z=1.96), an estimated standard deviation of 2.5 units 
(σ= 2.5) in CH based on previous studies and a desired width 
of confidence interval as 0.4 (d=0.2) a sample size of 600 
eyes was derived. 

Results 

Out of total of 300 (600 eyes) participants, 162 (54%) 
males and 138 (46%) females were recruited. The mean 
age of the study population was 37.5 (± 11.6) years (range: 
18-60 years). The mean CH and CCT of the sample were 
10.57(± 1.12) mm Hg and 539.08 (±24.17) mm respectively. 
Males were found to have lower corneal hysteresis 
10.25(±0.90) mm Hg compared to females 10.96(±1.22) 
mm Hg (p<0.00). The mean corneal compensated IOP (IOP-
cc) among males 15.38(±2.2) mm Hg was higher compared 
to females 14.55(±2.12) mm Hg (p<0.00). Females also had 
higher mean CCT compared to males; however, this was not 
statistically significant (p=0.42). There was no statistically 
significant inter-ocular difference in IOPcc, CH or CCT. Inter-
eye comparison also revealed a statistically significant and 
strong positive correlation in corneal hysteresis between eyes 
(r=0.76, p<0.00) (Figure 1). There was weak but statistically 
significant negative correlation between corneal hysteresis 
with age (r=-0.23, p<0.001) (Figure 2) and IOP-cc (r=-0.24, 
p<0.001) whereas a weak positive but statistically significant 
correlation between age and IOP-cc (r=0.16, p=.004).
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Figure 1: Scatter diagram showing weak negative correlation between Corneal Hysteresis and age. Pearson Coefficient r=-
0.23, P<0.001.

Figure 2: Scatter diagram showing strong positive correlation in Corneal Hysteresis (CH) between right (OD) and left eyes 
(OS) of participants. Pearson Coefficient r=0.75, P<0.001. (CH in mm Hg).

A weak positive correlation was also seen between 
CH and CCT, but this was statistically insignificant (r=0.10, 

p=0.08).  Details of study results are summarized in the 
Tables 1-4.

Frequency (Percentage) Mean ±SD Range
Age - 37.5 ± 11.6 years 18-60 years

Females 138 (46%) 36 ± 10 years 20-60 years
Males 162 (54%) 38  ±  12 years 18-60 years

Corneal Hysteresis (CH) 600 eyes 10.57 ± 1.12 mm Hg 8.30-14.4 mm Hg

Central Corneal Thickness (CCT) 600 eyes 539.08 ± 24.17 µm 483-612 µm

Corneal Compensated IOP (IOP-cc) 600 eyes 15 ± 2.22 mm Hg 10-20 mm Hg

Table 1: Demographic and clinical profile of the study participants.
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Males( n =162) Females (n=138) P- value
Mean Age( ± SD)* 38 ( ±  12) 36 (± 10) 0.118
Mean CH (+ SD)** 10.25 ( ± 0.90) 10.96 (± 1.22) <0.001

Mean IOP cc  ( + SD)** 15.38 ( ± 2.2) 14.55 (± 2.12) <0.001
Mean CCT (±SD)*** 538.04 (±25.75) 540.31 (±22.21) 0.419

Table 2: Gender-wise variability in corneal hysteresis and intra-ocular pressure.
* years   ** mm Hg ***µm.

Right Eye Left Eye P-value
Mean  CH  (±SD)* 10.58 ( ± 1.18) 10.57 ( ± 1.20) 0.82

Mean IOP cc (± SD)* 15.10 ( ± 2.48) 14.91 ( ± 2.33) 0.96
Mean CCT (±SD)** 537.36 (± 25.02) 540.88 (±24.07) 0.079

Table 3: Inter-ocular variability in corneal hysteresis (CH), corneal compensated intra-ocular pressure (IOP-cc) & central corneal 
thickness (CCT).
*mm Hg  **µm.

Clinical 
Parameter

‘R’ value (Pearson 
Coefficient) P-value

Age -0.23 <0.001
IOP-cc* -0.24 <0.001
CCT** 0.1 0.08

Contralateral 
CH*** 0.76 <0.001

Table 4: Correlation of corneal hysteresis with other clinical 
parameters.
*Corneal compensated intra-ocular pressure **Central 
corneal thickness ***Corneal hysteresis.

Discussion

With increasing evidence of role of reduced CH in 
pathogenesis of glaucoma and corneal ectatic disorders, it is 
imperative to have a reference for normal CH values [3,4]. 
We have evaluated 600 eyes of 300 healthy adults, making 
this one of the largest studies from India for evaluating CH 
(PubMed search). The mean CH of participants in this study 
was 10.57 ±1.12 mm Hg which is lower than observed in 
Caucasian, Egyptian, Arabian and Brazilian populations 
[12,16-18]. It was comparable to Chinese and Americans 
whereas was greater than Japanese and African populations 
[9,11,13,14,19]. Varied ethnic and genetic differences among 
populations may explain this variation as has been observed 
with varied trabecular meshwork height, CCT and facial 
anthropology [20,21]. Differences in the gender ratio, mean 
age and refractive status of participants between studies 
may also explain varied CH values. Thus, with such variation 
in values, our study provides the Indian standard for normal 
CH. There was a statistically significant difference in CH and 

IOP-cc values between males and females. Females had higher 
CH consistent with other studies [16,22].  Though uncertain, 
hormonal differences between sexes could affect the corneal 
biomechanics. In a recent study on porcine cornea, estrogen 
had relaxing effect on cornea reducing its stiffness [23].  
In our study, CCT among females was also higher though 
statistically insignificant. This may also explain higher CH 
among them. 

It has been proposed that thicker corneas may have 
higher pressure dampening ability and thus exhibit 
greater hysteresis [2,5,10]. A study comparing CH between 
American Blacks and White stated 2.14 mm Hg rise in CH 
with every 100 µm increase in CCT [9].  In our study, a weak 
positive correlation was observed between CH and CCT. In 
accordance with other studies we also observed a small yet 
statistically significant negative correlation between CH 
and IOP-cc [5,9,14]. A lower IOP-cc among females could 
also be attributed to higher CH among them in our study. 
We observed a weak negative yet statistically significant 
correlation between CH and age. Ageing is known to alter 
corneal structure and in turn affect corneal biomechanics 
[24].  Various studies from the past have shown reduction 
in CH and rise in IOP with age [25-27].  A weak positive 
correlation between age and IOP-cc has also been observed 
in our study.  The mean CH value reported in present study 
is higher compared to another Indian study on relationship 
of corneal biomechanics and IOP with spectrum of glaucoma 
[15]. A relatively young cohort in our study (Mean Age 37.5 
year’s vs. 51.9 years) may be the reason for us observing 
higher CH. Another finding of our study has been lack of 
any statistically significant difference in CH between eyes 
in individuals. Furthermore, there was strong positive 
and significant correlation in CH between eyes. Unilateral 

https://medwinpublishers.com/OAJO


Open Access Journal of Ophthalmology 
5

Srivastava RM, et al. Corneal Hysteresis in Adult Indian Population. J Ophthalmol 2023, 8(1): 000280. Copyright©  Srivastava RM, et al.

pterygium and anisometropic high myopes have been 
reported to present with asymmetric CH [28,29]. We have 
in our study found that, low but bilaterally similar CH may 
be observed even in normal eyes. This lack of interocular 
variability in CH was also reported in another Indian study 
[15]. Rather than only reduced CH, subsequent studies may 
confirm bilateral asymmetry in CH as abnormal. One of the 
main limitations of our study was not considering corneal 
resistance factor (CRF) while studying CH. This was because 
of lack of the required technology for assessing CRF. Though 
CRF and CH have been correlated, clinical utility of CH alone 
has been extensively documented [4,11,12].

Another limitation in our study has been a limited sample 
size. In spite of being one of the largest studies from India, 
a larger sample would have given better estimates on CH. 
Furthermore, it would have allowed us to perform age wise 
analysis of CH data and provide normative data according to 
age. We found certain healthy individuals with low CH values 
in our study. It would be interesting to see if these individuals 
end up on developing any corneal abnormalities or glaucoma 
later in life. A longitudinal study in future may be planned in 
among healthy individuals with low CH scores to study if low 
CH scores in apparently healthy individuals can predispose 
them to glaucoma or corneal ectatic disorder later in life. 

Conclusion

Mean CH of healthy Indian adults is 10.57±1.12 mm 
Hg. CH values are higher among females (10.96±1.22 mm 
Hg) compared to males (10.25±0.90 mm Hg). A positive 
correlation is present between CH and CCT whereas CH is 
negatively correlated with age and IOP-cc. CH values between 
eyes in normal individuals are coherent and positively 
correlated.
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