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ABSTRACT 

Background: keratoconus (KC) is an idiopathic degenerative eye disease characterized by localized thinning 

and conical protrusion of the cornea, which typically develops in the inferior-temporal and central zones. 

Consequently, visual acuity is reduced due to irregular astigmatism and high myopia resulting from 

asymmetric topographical changes in the corneal surface. KC is the most prevalent form of corneal ectasia 

and affects all ethnicities. However, higher incidence has been reported in Asians when compared to 

caucasians. Aim of the work: this study aimed to compare the biomechanical properties of the cornea 

between topographically normal individuals with topographically keratoconic patients. 

Patients and methods: this prospective study was carried out from January 2017 to July 2017 on 40 eyes of 

patients attending outpatient clinic of Ain Shams University Hospitals and Ophthalmology Department of 

Research Institute of Ophthalmology in Giza. 

All participant names were hidden and were replaced by code numbers to maintain privacy of the patients. 

Ocular response analyzer (ORA) values were obtained from 20 eyes of keratoconus patients and 20 eyes of 

non keratoconus subjects both topographically tested. 

Results: corneal hysteresis (CH) was found to be higher in normal group than keratoconus group; the values 

were found to be 10.9 ± 1.5 in normal group and 7.88 ± 1.23 in keratoconus group. Corneal resistance factor 

(CRF) was found to be higher in normal group than keratoconus group, the values were found to be 12.7 ± 

1.05 in normal group and 6.7 ± 1.7 in keratoconus group. Goldmann correlated intraocular pressure 

(ORA_IOPg) was found to be higher in normal group than keratoconus group, the values were found to be 

13.13 ± 2.91 in normal group and 10.31 ± 2.99 in keratoconus group. Corneal compensated intraocular 

pressure (ORA_IOPcc) was found to be 14.17 ± 3.44 in normal group and 14.23 ± 2.01 in keratoconus 

group, there was no difference between normal group and keratoconus group. 

Conclusion: corneal biomechanical properties, characterized by corneal hysteresis and the corneal resistance 

factor, provide new indicators for the diagnosis of keratoconus.  

Recommendations: this study recommended to follow up IOP in keratoconus patients by ORA due to false 

low results which may be taken by using the Goldman applanation intraocular pressure. Large studies should 

be done to detect the prevelance of keratoconus in Egypt as this information was missing from peerviewed 

studies we researched. 

Keywords: corneal biomechanics, keratoconic corneas, ocular response, topographically, corneal hysteresis. 

 

INTRODUCTION 
Keratoconus (KC) is an idiopathic degenerative 

eye disease characterized by localized thinning 

and conical protrusion of the cornea, which 

typically develops in the inferior-temporal and 

central zones 
(1)

. Consequently, visual acuity is 

reduced due to irregular astigmatism and high 

myopia resulting from asymmetric topographical 

changes in the corneal surface. KC is the most 

prevalent form of corneal ectasia and affects all 

ethnicities 
(2)

. However, higher incidence has been 

reported in Asians when compared to caucasians 
(3)

.While the etiology and pathology of the disease 

is still not fully understood, various biochemical, 

cellular and microstructural differences have been 

reported in the literature. For instance, 

biochemical changes included increased activity 

of proteolytic enzymes and a decrease in their 

inhibitors 
(5)

. Increased proteoglycan (PG) content 

and altered distribution PG filaments had also 

been reported 
(6)

. A progressive reduction in 

collagen-producing corneal keratocytes has been 

observed 
(7)

 , as well as a disruption to the highly 

organized orthogonal arrangement of collagens 
(8)

. 

Further, a decrease in the mean fibril diameter 

and interfibrillar spacing of individual collagens 

and undulation of collagen lamellae have been 

reported 
(6)

. 

A genetic predisposition to keratoconus is well 

documented with increased incidence in some 

familial groups and numerous reports of 

correspondence between monozygotic twins. 

Approximately, 6% - 23.5% of patients with 

keratoconushave a positive family history 
(9)

. 
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Similar to other ocular genetic disorders, a study 

indicated that relatives of keratoconus patients have 

an elevated risk compared to those with 

unaffected relatives 
(10)

. The majority of familial 

keratoconus is inherited through an autosomal 

dominant pattern 
(11)

. Other models of inheritance 

such as autosomal recessive pattern have been 

suggested, especially in populations of high 

consanguinity 
(4)

. 

The overall prevalence of keratoconus in the 

general population has been estimated to be 

between 5 and 23 per 10,000, respectively with 

both sexes equally affected 
(13)

. However, it would 

not be surprising to expect an increase in the 

incidence and prevalence rates of this disease 

nowadays with the current wide spread use of 

newer diagnostic devices leading to early 

diagnosis 
(12)

.The Ocular Response Analyzer 

(ORA; Reichert Ophthalmic Instruments, Depew, 

New York, USA) is a noncontact, non-invasive, 

device that uses a rapid metered collimated air 

pulse to applanate the cornea, situated between an 

infrared electro-optical transmitter and receiver 

system forming a 90 degree angle. It records 

inward and outward applanation events and it 

simultaneously assesses and compensates for the 

effect of the cornea’s viscous and elastic qualities 

on IOP measurement. Corneal hysteresis may 

reflect mostly corneal viscosity; corneal resistance 

factor may predominantly quantify corneal 

rigidity. It is an indicator of the overall 

“resistance” of the cornea, including both the 

viscous and elastic properties 
(14)

. This study 

aimed to compare the biomechanical properties of 

the cornea between topographically normal 

individuals with topographically keratoconic 

patients. 

 

PATIENTS and METHODS 

    This prospective study was carried out from 

January 2017 to July 2017 on 40 eyes of patients 

attending outpatient clinic of Ain Shams 

University Hospitals and Ophthalmology 

Department of Research Institute of 

Ophthalmology in Giza. 

All participant names were hidden and were 

replaced by code numbers to maintain privacy of 

the patients. Ocular response analyzer (ORA) 

values were obtained from 20 eyes of keratoconus 

patients and 20 eyes of non keratoconus subjects 

both topographically tested. 

Patients were categorized into two groups:  
Group 1: 20 eyes of 10 non keratoconic subjects.   

Group 2: 20 eyes of 11 keratoconic patients. 

Inclusion criteria: 
Patients were included in our study according to: 

1. Age between eighteen and forty years old 

2. keratoconic cornea. 

3. Normal fundus 

4. Keratoconus topographic criteria includes: 

i. Substantial inferonasal or inferotemporal 

steepening. 

ii. Inferior steepening could extend centrally 

called crab-claw shape. 

iii. Central corneal power greater than 47.2 

diopters. 

iv. Substantial displacement of the cornea from 

the center. 

v. Inferior- superior (I- S) value greater than 1.4. 

vi. Skewed radial axes 

 

Exclusion criteria 
1. Use of contact lenses. 

2. Glaucoma 

3. Dry eye 

4. Pseudoexfoliation syndrome 

5. Previous anterior segment surgery 

6. Systemic diseases 

7. History of any ocular surgery in the same eye 

8. Corneal scarring or corneal dystrophies. 

Data were collected from patients 

included age, past ocular and medical history, 

medications, allergies and family history of eye 

diseases,best corrected visual acuity, IOP 

measurement with applanation tonometry, dilated 

fundus examination with +20 D Volk lens. 

Every patient was subjected to Ocular 

Response Analyzer (ORA; Reichert Ophthalmic 

Instruments, Depew, New York, USA) to measure 

corneal biomechanical parameters which 

included: corneal hysteresis (CH), corneal 

resistance factor (CRF), Goldmann-correlated 

pressure (IOPg) and corneal- compensated 

intraocular pressure (IOPcc). The results obtained 

were tabulated and statistically analyzed using 

specific analytical program. This study was 

conducted in accordance with the ethical 

standards stated in the faculty of Medicine- Ain 

Shams University with informed consent 

obtained. 

 

Patient’s evaluation 

I. History 

1. Systemic: 
a) Patients were asked about their previous 

general medical history 

b) Female Patients were asked about their 

status regarding pregnancy, breast feeding, or 

the use of oral contraceptive drugs or the use of 

hormone replacement therapy. 

2. Ocular 
a) Patients were asked about their ocular 

history regarding medical and surgical ophthalmic 

history and the previous use of contact lenses, 
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trauma, and use of eye drops. 

b) History of use of eyeglasses and changes in 

the previous prescriptions in the past year 

II. Examination 
1. Vision: patient’s visual acuity was 

measured by Snellen’s chart and their refraction 

both manifest and cycloplegic was also 

measured by Topcon Autorefractometer RM 

8900. 

2. External examination: to assess the eyelids 

infection. 

3. Ocular motility and assessment of phorias 

and tropias. 
4. Slit-lamp examination for: 

a) Searching for signs of dry eye and tear film 

assessment (tear meniscus and breakup time), 

detailed examination of the cornea to rule out 

undiagnosed corneal dystrophies, allergic 

conjunctivitis, other pathologies of the 

conjunctiva and sclera. 

b) Pupillary light reaction both direct and 

consensual reactions and diameters in light and 

dim situations. 

c) Intraocular pressure was measured using 

Goldman applanation to exclude glaucoma. 

5. Fundus examination 
Detailed examination was done by Slit-lamp 

biomicroscopy and 90 D Volk lens to examine 

central retina to reveal signs of diabetic 

retinopathy, maculopathy or optic nerve disease. 

Also, indirect ophthalmoscopy was done to 

examine the retina periphery to exclude retinal 

detachment or peripheral retinal lesions. 

III. Investigations 

1. Corneal topography and corneal thickness were 

measured using a scheimpflug-based topography 

namely the Pentacam machine (WAVE LIGHT 

ALLEGRO OCULYZER serial NO.:1074-1-414). 

2. Corneal hysteresis (CH), corneal resistance 

factor (CRF) were recorded for each eye by using 

ocular response analyzer (REICHERT ORA serial 

no:73116-1210). 

 
Figure 1: wave light allergo oculyzer pentacam 

 

 
Figure 2: Reichert ocular response analyzer 

 

The study was done after approval of ethical 

board of Ain Shams university and 

an informed written consent was taken from 

each participant in the study. 

 

RESULTS 

    The control group comprised 20 eyes of 10 

emmetropic patients; 60% were men and 40%, 

women. The mean age was 29.90 ± 3.60 years 

(range 25 to 37 years). The mean spherical 

equivalent (SE) was -0.53 D ± 0.44 (SD). The 

mean (CRF) was12.7 ± 1.05 mm Hg while the 

mean (IOPg) and (IOPcc) were 13.13 ± 2.91 and 

14.17 ± 3.44 mm Hg respectively. 

 On the other hand, the Keratoconus group 

comprised 20 eyes of 11 patients; 20% were men 

and 80%, women. The mean age was 23.70 ± 

5.97 years (range 18 to 37 years). The mean 

spherical equivalent (SE) was -8.05 D ± 3.33 

(SD). The mean (CRF) was 6.70 ± 1.76 mm Hg 

while the mean (IOPg) and (IOPcc) were 10.32 

± 3 and 14.23 ± 2.01 mm Hg respectively.  

Table 1 shows summary of characteristics in both 

groups. (Tables 1 &2). 
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Figure 3: differences in gender between control group KC group and control group 

A Chi-square test of independence was calculated the effect of gender on the results. A significant 

interaction was found (χ
2 

(1) = 6.667, p = 0.010). 

Table 1: demographic characteristics between control group KC group and control group 

Group Mean Std. Deviation 
Age (year) Normal(N=20)  

29.90 

3.60 

 KC (N=20) 23.70 5.97 

SE (D) Normal(N=20) -0.53 0.44 

 KC (N=20) -8.05 3.33 

BCVA Normal(N=20) 1.00 0.00 

 KC (N=20) 0.35 0.19 

IOP (Goldmann) 

 (mm Hg) 

Normal(N=20) 13.00 2.79 

KC (N=20) 11.10 2.17 
SE= spherical equivalent; BCVA= best corrected visual acuity; IOP=intraocular pressure. 

 

Table 2: biomechanical properties between control group KC group and control group 

Group Mean Std. Deviation 

CH 

(mm Hg) 

Normal (N=20) 10.09 1.51 

KC (N=20) 7.88 1.24 

CRF 

(mm Hg) 

Normal (N=20) 12.74 1.05 

KC (N=20) 6.70 1.76 

IOPg 

(mm Hg) 

Normal (N=20) 13.13 2.91 

KC (N=20) 10.32 3.00 

IOPcc 

(mm Hg) 

Normal (N=20) 14.17 3.44 

KC (N=20) 14.23 2.01 

CH= corneal hysteresis; CRF= corneal resistance factor; IOPg = Goldmann-correlated pressure; IOPcc = corneal-

compensated intraocular pressure 

 

Comparison between  means of the different parameters in both groups 
An independent-samples t-test was performed in order to compare different parameters in both groups. 

There was a statistically significant difference in age (years) between normal eyes and eyes with KC 

conditions; t (3.98) =38, p=0.001. Similarly, there was a significant difference in best corrected visual 

acuity (BCVA) conditions; t (15.69) =38, p = 0.001 as well as corneal hysteresis conditions; t (5.05) =38, p 

= 0.001. In addition, a comparison of refraction (calculated as SE = spherical equivalent was calculated as 

the sum of the spherical power and half of the cylinder power) was held showing a significant difference 

between the two groups conditions; t (10.02) =38, p = 0.001. This significant difference also persisted in 

Goldmann-correlated pressure conditions; t (3.0) = 38, p =0.005. However, there was no significant 

difference in both corneal-compensated intraocular pressure and corneal resistance factor. (Table 3) 
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Table 3: summary of independent t-test results 

 

Variable Mean SD T Df p-value 

Age in years 

Normal 29.9 3.6  

3.98 

 

38.0 

 

0.001 KC 23.7 5.9 

Best corrected visual acuity (BCVA) 

Normal 1.0 0  

15.69 

 

38.0 

 

0.001 KC 0.35 1.8 

Refraction 

Normal -0.53 0.44  

10.02 

 

38.0 

 

0.001 KC -8.05 3.33 

Corneal hysteresis (CH) (mm Hg) 

Normal 10.09 1.5  

5.05 

 

38.0 

 

0.001 KC 7.88 1.23 

Goldmann-correlated pressure (mm Hg) 

Normal 13.13 2.91  

3.0 

 

38.0 

 

0.001 KC 10.31 2.99 

Corneal-compensated intraocular pressure (mm Hg) 

Normal 14.17 3.44  

-.073 

 

38.0 

 

0.942 KC 14.23 2.01 

Corneal resistance factor (mm Hg) 

Normal 12.74 1.05  

1.85 

 

38.0 

 

0.07 KC 6.7 1.76 

** Significant P value >0.05 

 

Correlation between CRF, IOPcc, IOPg and the other parameters 
As data were normally distributed, Pearson's correlation test was used to evaluate correlations between 

parameters (Table 3). CRF was positively correlated with Age, SE, BCVA, IOP (Goldmann), CH, IOPg and 

IOPcc. Similarly, IOPg was positively correlated was all other parameters with more significant results. 

However, IOPcc was negatively associated with SE and CH with positive correlation with the remaining 

parameters. 

 

Table 4: correlations between CH, CRF, IOPcc, IOPg and the other parameters 

Parameters Age SE BCVA 
IOP 

CH CRF IOPg IOPcc (Goldmann) 

Corneal 

hysteresis 

(CH) 

Pearson 
Correlation 

0.390

* 

0.576*

* 

0.633** 0.109 1 0.11

6 

0.312 -

0.383*

* P value 0.013 0.000 <0.001 0.503  0.47

4 

0.050 0.015 

N 40 40 40 40 40 40 40 40 

Corneal 

resistance 

factor (CRF) 

Pearson 

Correlation 

 

0.196 

0.259  

0.280 

0.095  

0.116 

1  

0.102 

0.019 

P value 0.226 0.107 0.080 0.559 0.474  0.530 0.907 
N 40 40 40 40 40 40 40 40 

Goldmann- 

correlated 

pressure 

(IOPg) 

Pearson 

Correlation 

0.586

** 

0.357* 0.472** 0.923*

* 

0.312 0.10

2 

1 0.754*

* 
P value <0.00

1 

0.024 0.002 <0.001 0.050 0.53

0 

 <0.001 
N 40 40 40 40 40 40 40 40 

Corneal- 

compensated 

intraocular 

pressure 

(IOPcc) 

Pearson 

Correlation 

0.296 -0.054  

0.023 

0.829*

* 

 

-

0.383*

* 

0.01

9 

 

0.754*

* 

1 

P value 0.064 0.740 0.890 <0.001 0.015 0.90

7 
<0.001  

N 40 40 40 40 40 40 40 40 

SE= spherical equivalent; BCVA= best corrected visual acuity; IOP= intraocular pressure; CH= corneal hysteresis; 

CRF= corneal resistance factor; IOPg= Goldmann-correlated pressure; IOPcc = corneal- compensated intraocular 

pressure; ** Correlation is significant at the 0.05 level 
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As regard to corneal hysteresis (CH) 
Corneal hysteresis (CH) was found to be 10.9 ± 

1.5 in normal group and 7.88 ± 1.23 in 

keratoconus group. 

The difference between two groups was found 

statistically significant (p value = 0.001). (Table 

3) 

It has been found to correlate positively with 

age (r = 0.39, p value = 0.013), Spherical 

equivalent (SE) (r = 0.633, p value < 0.001), it 

correlates negatively with IOPcc (r = - 0.383, p 

value = 0.015) and it has no significant 

correlation with other factors. (Table 4) 

As regard to corneal resistance factor (CRF) 
Corneal resistance factor (CRF) was found to be 

12.7 ± 1.05 mm Hg in normal group and 6.7 

± 1.7 mm Hg in keratoconus group. There was 

a statistical significant difference between two 

groups regarding CHF (p value = 0.007). (Table 

3). 

As regard Goldmann correlated intraocular 

pressure (ORA_ IOPg) 
Goldmann correlated intraocular pressure 

(ORA_IOPg) was found to be 13.13 ± 2.91 mm 

Hg in normal group and 10.31 ± 2.99 mm Hg in 

keratoconus group. 

The difference between two groups was found 

statistically significant (p value = 0.001). (Table 

3) 
It has been found to b e  correlated positively 

with age (r =0.586, p value <0.001), Spherical 

equivalent (SE) (r = 0.357, p value = 0.024), 

BCVA (r = 0.472, p value = 0.002), IOP 

Goldmann (r = 0.923, p value < 0.001), 

IOPcc (r = 0.754, p value < 0.001) and it has 

no significant correlation with other factors. 

(Table 4) 

 

As regard to Corneal compensated intraocular 

pressure (ORA_ IOPcc) 
Corneal compensated intraocular pressure 

(ORA_IOPcc) was found to be 14.17 ± 3.44 mm 

Hg in normal group and 14.23 ± 2.01 mm Hg in 

keratoconus group. 

The difference between two groups was found not 

statistically significant (p value = 0.942) as 

mentioned in table 3; It has been found to 

correlate positively with IOP Goldmann (r = 

0.829, p value <0.001), ORA_ IOPg (r = 

0.754, p value < 0.001) and it has no significant 

correlation with other factors. (Table 4) 

Logistic regression of CRF, IOPcc and IOPg 
A binary logistic regression analysis was 

conducted to predict keratoconus patients within 

the group using CRF, IOPg, IOPcc, CH and 

gender as predictors. (Table 5) 

Nagelkerke’s R
2 

of 0.813 indicated a moderately 

strong relationship between prediction and 

grouping. Prediction success overall was 92.5% 

(90% for normal and 95% for KC. 

Exp (B) value indicates that when CH is raised by 

one unit (one person) the odds ratio is 0.125 times 

as large while change in gender raise it nearly 136 

times. 

Table 5: results of Logistic regression 

 B S.E. Wald Df P Exp (B) 

 

 

Step 

3c 

Gender 4.911 1.926 6.504 1 0.011 136 

CH -2.082 0.820 6.444 1 0.011 0.125 

IOPg -0.473 0.293 2.603 1 0.107 1 

Constant 21.202 8.625 6.043 1 0.014 1614291394 

CH = corneal hysteresis;  

IOPg = Goldmann-correlated pressure;  

S.E. = standard error.

 

DISCUSSION 

Keratoconus generally starts at puberty and 

progresses until the third or fourth decade of life 

after which it usually stabilizes 
(15)

. 

Keratoconus is a slowly progressive, non 

inflammatory ectatic corneal disease characterized 

by changes in corneal collagen structure and 

organization. Though the etiology remains 

unknown, novel techniques are continuously 

emerging for the diagnosis and management of the 

disease 
(16)

. Keratoconus is usually diagnosed 

and monitored by clinical signs and corneal  

   topography 
(17)

. 

 

Corneal biomechanical characteristics of CH 

and CRF, as measured by the bidirectional 

applanation of the cornea with an air pulse, only 

show moderate discriminatory ability. A similar 

decrease in CH and CRF in patients with 

keratoconus compared to controls and only a 

moderate correlation with keratoconus severity 

was also found in this study 
(18)

. This suggests that 

the corneal biomechanical changes with 

keratoconus, as assessed by the parameters of 

CCT, CH and CRF are more complex than clinical 
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signs, and front corneal surface changes indicate 

that other corneal biomechanical characteristics 

should be considered. 

Increased knowledge of corneal 

biomechanics, behaviour and the response to 

deformation is of great importance. Data 

generated from the ORA may expand our 

understanding and perhaps help with preoperative 

refractive surgery screening, glaucoma treatment, 

Fuchs dystrophy counseling, and other ocular 

conditions
(19)

. 

In our study, there was a significant 

difference in corneal hysteresis between the 

normal group and keratoconus group; corneal 

hysteresis values were found lower in keratoconus 

group than the normal group (10.9 ± 1.5 and 7.88 

± 1.23 respectively with (p value = 0.001) and 

this is in agreement with r e s u l t s  o f Fontes et 

al. 
(19)

,  they found that CH was 8.23 ± 1.51 

mmHg (range 4.60 to 11.80 mmHg) in 

keratoconus and 10.13 ± 1.75 mmHg (range 5.95 

to 14.58 mmHg) in the control group 
(20)

, who 

stated that the corneal hysteresis and corneal 

resistance factor values were significantly lower 

in keratoconic eyes
.
 Also found that Hysteresis 

was significantly higher in normal than in 

keratoconic eyes. 

In our study, corneal resistant factor (CRF) 

values were found lower in keratoconus group 

than normal group (12.74 ± 1.05 and 6.70 ± 1.76 

respectively with p value = 0.007) and this is in 

agreement with results of Ortiz
 
et al. 

(20)
, who 

found that the corneal resistance factor values 

were significantly lower in keratoconic eyes. 

Also 
(21)

 stated that mean values of CRF (P 

< 0.0001 and P < 0.0001 respectively) were 

significantly lower in keratoconic eyes than in 

the control group 

In our study Goldmann correlated 

intraocular pressure (IOPg) values were found 

lower in keratoconus group than normal group 

(13.13 ± 2.91 and 10.32 ± 2.99 mm Hg 

respectively with p value = 0.001). There is no 

statistical difference regarding corneal 

compensated intraocular pressure (IOPcc) (14.17 

± 3.44 and 14.23 ± 2.01 mm Hg respectively with 

p value = 0.942). and this is in agreement with 

results of Pniakowska and Jurowski 
(21)

, who 

found that Goldmann correlated intraocular 

pressure (IOPg) values were found lower in 

keratoconus group than normal and found also 

that there is no statistical difference in mean 

IOPcc observed between Group 2 and control 

group (P > 0.05). 

In our study, CRF was positively correlated 

with SE, BCVA, IOP (Goldmann), CH, IOPg 

and IOPcc. This s  partly in agreement with 

results of Goldich
 
et al. 

(22)
 who stated that CRF 

was positively associated with CCT and DCT IOP 

and negatively associated with age and AL 

(scaled coefficients: CCT 0.89, p < 0.0001; DCT 

IOP 0.46, p < 0.01; age – 0.60, p < 0.0001; AL -

0.37, p < 0.01; r2 = 0.43). There was no 

significant association between CC and CH or 

CRF. 

In our study, Goldmann correlated 

intraocular pressure (IOPg) was positively 

correlated with Age, SE, BCVA, IOP 

(Goldmann), CH, IOPg and IOPcc. However, 

Corneal compensated intraocular pressure (IOPcc) 

was negatively associated with SE and CH with 

positive correlation with the remaining parameters 

and this is in agreement 
(21)

 who found positive 

correlation between CRF and IOPg. 
(23)

 found that 

CRF was weakly correlated with IOPg and IOPcc 

and strongly significantly correlated with IOPg, 

CH showed weak negative correlation with 

IOPcc, weak positive with IOPg, and no 

correlation with IOPg. 

In our study, a binary logistic regression 

analysis was conducted to predict keratoconus 

patients within the group using CRF, IOPg, 

IOPcc, CH and gender as predictors. We found 

relation between CH and gender. 

Changes in CRF and CH may be reflective 

of structural changes in the ground substance of 

the cornea. Thus, ORA provide invaluable 

information for delineating biomechanical 

conditions pertaining to the cornea, with special 

regard to ocular diseases, e.g. keratoconus and 

glaucoma. CH and CRF were found to decrease 

with the preogress in keratoconus (Mild, 

moderate, adavanced). 

 

CONCLUSION 

         In conclusion, corneal biomechanical 

properties, characterized by corneal hysteresis and 

the corneal resistance factor, provide new 

indicators for the diagnosis of keratoconus.  

Further studies can be done to evaluate corneal 

biomechanics in keratoconic patients after cross 

linking, also to evaluate corneal biomechanics 

changes in contact lenses weares. 

 

RECOMMENDATIONS 

1. Corneal biomechanical properties study for any 

case suffering from irregular astigmatism and 

glaucoma. 

2. keratoconic patients with glaucoma to measure 

intraocular pressure in their follow up visits by 

ORA due to false low reults by Goldman 

applanation tonometry due to affection of corneal 

biomechanics ( low CH and CRF) . 

3. Further studies can be done to evaluate corneal 
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biomechanics in keratoconic patients after cross 

linking , also to evaluate corneal biomechanics 

changes in contact lenses weares . 

4. Further studies should be done to collerate CH and 

CRF with age, gender, myopes and 

hypermetropes with a large sample size. 

5. Large studies should be done to detect the 

prevelance of keratoconus in Egypt as this 

information was missing from peerviewed studies 

we researched. 

6. Limitation of our study: small sample size, the 

factor of age of age and gender was not fixed 

between keratoconus and control group. 
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