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INTRODUCTION

Refractive procedures

TT
he overall ocular refraction is the result of four
important refractive parameters: the axial length
of the eye, corneal dioptric power, dioptric power

of the lens and anterior chamber depth. Correcting spherical
(myopia and hyperopia) and aspherical (astigmatism) refrac-
tive errors is a permanent challenge for the ophthalmologist.
For the benefit of the patient, new solutions are constantly
tried, starting from an aerial optical correction, external 
contact lenses or intraocular lenses and to various refractive
surgery procedures.
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SUMMARY

Refractive surgery, elective ophthalmological intervention as an
alternative to optical correction and performed on healthy eyes
with good visual acuity, requires a special strictness and a proper
assessment in each case. Corneal biomechanics studies the 
physiological phenomenon of the cornea in terms of the laws of
mechanics and can be an indicator of the predictability of post
refractive surgery. The purpose of our study is to evaluate the
range of changes in time of the biomechanical properties post
laser-assisted in situ keratomileusis (LASIK) corneas evaluated
by corneal hysteresis (CH) and the corneal resistance factor
(CRF) using the ocular response analyzer (ORA) - Reichert
Corporation, Depew, New York, USA.
Material and Method: The present study is retrospective. A 
number of 28 patients (50 eyes) with different grades of myopia
and/or myopic astigmatism were evaluated through 2 ophthalmo-
logical examinations (before and after LASIK procedure – at 6
months interval) at a private clinic in Bucharest for a period of 2
years.
Conclusion: All the patients who underwent refractive surgery
(LASIK) were found to have dreeasing values of the corneal 
biomechanical parameters (CH and CRF) after the procedure.
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RÉSUMÉ

LASIK - L'évaluation des propriétés biomécaniques de la cornée 

La chirurgie réfractive, l'intervention ophtalmologique élective -
alternative à la correction optique effectuée sur les yeux sains avec
une bonne acuité visuelle, nécessite une rigueur spéciale et une
évaluation appropriée dans chaque cas. La biomécanique cornéenne
étudie les phénomènes physiologiques de la cornée en termes de la
loi de la mécanique, et peut être un indicateur de la prévisibilité de
la chirurgie réfractive. Le but de notre étude est d'évaluer les
changements des propriétés biomécaniques de la cornée après
LASIK, évalués par l'hystérèse cornéenne (CH) et le facteur de
résistance de la cornée (CRF), en utilisant l'analyseur de la
réponse oculaire de Reichert - Reichert Corporation, Depew, New
York, États-Unis
Matériel et méthode: l'étude actuelle est rétrospective. 28 patients
(50 yeux) avec des degrés différents de myopie et / ou astigmatisme
myopique ont été évalués par 2 examens ophtalmologiques (avant
et après la procédure LASIK - à intervalle de 6 mois) dans une 
clinique privée à Bucarest pendant une période de 2 ans.
Conclusion: tous les patients qui ont subi une chirurgie réfractive
(LASIK) se sont avérés avoir des valeurs décroissantes des
paramètres biomécaniques de la cornée (CH et CRF) après la
procédure.
Mots clés: cornée, biomécanique, LASIK, hystérésis
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Corneal refractive procedures are rising in popularity
in recent years offering a long-term solution to refractive
problems (myopia, hyperopia, astigmatism and presbyopia)
and being generally viewed as safe and effective [1]. Laser-
assisted in-situ keratomileusis (LASIK) is one of the 
earliest and the most common refractive surgery proce-
dures used today.

LASIK

In the last decades corneal refractive surgery has gained
considerablepopularity, permanently transforming the 
management of visual correction of refractive errors [1].
Laser-assisted in-situ keratomileusis (LASIK) is the most
common refractive surgery procedure, as it has faster visual
recovery and is nearly painless compared to the older 
photorefractive keratectomy (PRK) [1,2]. The procedure
involves creating a corneal flap and then ablating the under-
lying corneal tissue, before replacing the flap. The most
feared complication of the procedure is corneal ectasia,
where there is progressive breakdown into the corneal 
structure (thinning of the corneal stroma) and progressive
astigmatism, eventually leading to reduced visual acuity [1].
At the same time, new techniques of corneal investigation
like pachimetry, corneal topography, endothelial cell count
and recently by studies of biomechanics have increased the
predictability of refractive outcomes, the identification of the
causes of postoperative complications and the solutions to
avoid them. This underlines the importance of evaluating
the biomechanical effects of refractive surgery to the cornea.

In LASIK, a femtosecond laser or amicrokeratome is
used to cut a thin flap on the surface of the cornea. This flap
is then peeled back and an ultraviolet energy from an
excimerlaser is focused directly onto the corneal stroma to
photoablate the tissue in a pattern to correct the refractive
error; the flap is then replaced at the end of the procedure
and a contact lens is applied as a bandage for patient’s 
comfort. The mechanical microkeratome uses a shearforce
with an oscillating blade, which moves through the cornea
in a torsional movement [3]. In LASIK, the thickness of the
flap created is between 100 and 140 microns. When using
the microkeratome, the stronger anterior corneal collagen
fibers are the ones most changed, being likely to decrease
the biomechanical stability of the cornea [4].

A series of complications following the flap creation
with the mechanical microkeratome have been reported: 
1) epithelial sloughing, 2) epithelial defects, 3) free/partial
flaps, 4) increasing of the dry eye symptoms and 5) button
holes [1,5,6]. Dry eye symptoms are very common after
LASIK, with symptoms peaking at 1 week to 3 months after
surgery. Dry eye symptoms are also related to patient’s unsta-
ble tear film [1,7].

Post-LASIK corneal ectasia is the most feared late 
complication of the procedure. It is defined as biomechani-
cal failure of the cornea, with progressive thinning of the 
stroma, steepening of the cornea, irregular astigmatism 
and decreased visual acuity. The incidence of post-LASIK
ectasia is estimated to be around 0.66% [1,8]. Risk factor
indices to detect corneal abnormalities and prevent ectasia

have been developed by several authors, including Maeda et
al. [9] and Rabinowitz et al [10].

Considering the risk of corneal ectasia as well as the
influence on stable post-operative shape, corneal biome-
chanics is rapidly becoming recognized as a major 
contributor to refractive surgery outcomes [1].

Corneal structure

The biomechanical structure and function of the
cornea is highly dependent on its constitutive elements,
their mechanical properties, and a multitude of biological
processes [1]. The microstructure of the cornealstroma is
composed of 300 to 500 lamellar sheets, each of which
consists of thin collagen fibrils that stretch from limbus 
to limbus [1,11]. The fibrils in each sheet are arranged 
parallel to one another and evenly spaced. Glycosamino-
glycans fill the spaces between the fibrils and the lamellae
[1,11]. The normal corneal structure confers the critical
optical property of transparency while providing adequate
mechanical integrity needed to maintain anterior corneal
curvature over a wide range of loads and hydration levels
[12]. Alterations of this structural equilibrium have direct
visual consequences [1]. This is especially relevant in 
keratoconus and postoperative corneal ectasia after refrac-
tive surgery. The organized collagen fibers running along
the lamellae of the cornea relax toward the periphery
when cut [1,4] and the decreased lamellar tension allows
peripheral expansion which leads to biomechanical 
central flattening [1,13].

Biomechanical properties of the cornea

A) Elasticity is the property of a material to regain its
original shape in a direction of displacement completely
reversible along the line of stress when stress imposed is
removed [14]. Ex vivo studies have highlighted the non-
linear elastic behavior of the cornea which increases with
the intensification of stress applied to it [14,15]. Moreover,
the corneal elastic module is variable directional and 
regional, a higher module being on the meridians, at the
center and paracentral areas and circumferentially at the
limbus, due to the specific arrangement of the collagen
fibers [14,16].

B) Viscosity. Viscous materials flow when an outer stress
is applied and unlike the materials with elastic properties
they not regain their original shape when the stress is
removed. Viscoelastic materials have elements of both 
viscosity and elasticity and as a consequence, the resulting
energy is dissipated by these materials, when a stress is
applied [14].

C) Hysteresis (CH) refers to the energy lost during the
exercise cycle of deformation, being a direct measure of
the biomechanical properties of the cornea and with
direct dependence on intraocular pressure [14,17]. Like
most biological materials, collagen is viscoelastic and
therefore exhibits hysteresis [14].

Corneal hysteresis is a property, resulting of the damping
process that cornea achieves due to its viscoelastic properties.
It is calculated as difference between two measurements of
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applanation during the process of measurement [14,18].
Thus, the hysteresis represents the ocular resistance through
the combined effect of some parameters such as the corneal
thickness, ocular rigidity and viscoelastic properties [14].

D)Corneal Resistance Factor (CRF) provides an assess-
ment of corneal resistance and is relatively unaffected by
the changes of intraocular pressure [14].

These properties are not constant, being permanently
modified with increasing age, corneal pathology and
corneal hydration level, where the loss of the lamellae
organization alters the biomechanics of the corneal 
stromal [14,19].

ORA

Currently the biomechanics of cornea is analyzed using
the Ocular Response Analyzer - ORA (Reichert Corpora-
tion, Depew, New York, USA), first described by Luce in
2005 [20]. It is the only instrument capable of measuring 
in vivo the corneal hysteresis (CH) and corneal resistance 
factor (CRF), indicators of the corneal biomechanical 
properties [14].

Corneal hysteresis represents a tissue property that 
provides more comprehensive information about the ocular
biomechanics [21]. It is an assessment of the capacity of the
cornea to absorb and dissipate energy [14]. Corneal hystere-
sis (CH) is the difference between internal and external 
values of pressure obtained during the process of bidirec-
tional dynamic applanation made by ORA [18] as a result of
corneal viscous damping. It is a characteristic of the 
capacity of energy absorption by the cornea, variable
depending on the biomechanical properties of it [14].

The values of CH and CRF obtained during the ORA
cycle use the following formulas:

CH = P1 – P2  CRF = P1 – k P2 
Where: P1 = initial applanation pressure 
P2 = final applanation pressure
k = constant (value approximately = 0.7) determined

through an empirical analysis of the relationship between P1
and P2 with central corneal thickness, being associated
more with this than with the corneal hysteresis.

CH and CRF are significantly altered after refractive
surgery or after cross-linking procedures as a result of complex
changes in corneal biomechanics [14, 22].

MATERIAL AND METHOD

The current study has a retrospective design and aims to
evaluate the variation in time of corneal biomechanical para-
meters (corneal hysteresis – CH and corneal resistance factor
– CRF), assessed with the Ocular Response Analyzer (ORA).
A number of 28 patients aged between 20 and 35 years were
investigated at a private clinic in Bucharest between 2013
and 2015. The patients underwent refractive procedure –
laser-assisted in-situ keratomileusis, being evaluated before
and at 6 months after LASIK. Of these, 13(46.43 %) were
male saged between 21 and 34 years old and 15 (53.57 %)
were females, aged between 20 and 35 years old. The average
age of patients included in the study was 27.86 years old. For

females the average age was 28.87 years, while for males was
26.69 years. 22 patients had intervention at both eyes, while
6 had it only at one eye. (fig. 1, 2)

There were examined a total number of 50 eyes with
myopia and/or myopic astigmatism, of which 24 (48.00 %)
were right eye and 26 (52.00 %) left eye. (fig. 3)

During the 2 year period, there were 2 complete 
ophthalmological examinations: the first examination was
before the LASIK procedure and the second at 6 months after
the operation. 

Examination protocol included:
- Visual acuity (VA) -LogMAR test = the best VA

obtained with maximum optical correction;
- Electronic manifest refraction (spherical and cylindrical

diopters);
- Refraction after cycloplegic agent (spherical and

cylindrical diopters);
- Non contact tonometry;
- Slit lamp examination – with focus on the pupillary

diameter;
- Ultrasonic pachimetry (OcuScanRxP, Alcon, USA);
- Corneal Topography (Topcon CA 200F, Topcon Co,

Japan);
- CH and CRF (ORA – Reichert Corporation,

Depew, New York, USA).
Criteria of inclusion in the study:
• Age between 20 -35 years old;
• A minimum of 2 examinations, at 6 months in the

clinic;
• Patients who have accepted the inclusion in the study.
• Patients with myopia (between – 1.00 D and – 5.00 D

spherical diopters) and/or myopic astigmatism
(between – 0.50 D and – 3.00 D cylindrical diopters) 

• Central corneal thickness (CCT) of minimum 500
microns.

Criteria for exclusion from the study: patients with 
previous eye surgery, keratoconus, glaucoma, eye infection,
history of corneal trauma or other active ocular pathologies or
general assets. We also excluded from the trial the patients

Figure 1 - Distribution of patients by gender
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with local eye treatments (exception: artificial tears), irregular
corneal topography patterns and a central corneal thickness
(CCT) below 500 microns. Examinations/ measurements were
performed by the same person with the same devices. 

Patients wearing soft contact lenses have been
informed on the discontinuation of their use at least 2
weeks prior to the examination

The patients in this LASIK group had surgery using
the MEL 80 Excimer Laser (Carl Zeiss Meditec AG, Jena,
Germany). The flap was created with a Gebauer 
SL Cmicrokeratome (Gebauer Medizintechnik Gmbh,
Germany), targeting a flap thickness of 130 microns.

All the patients were informed about the procedure
and the inclusion in this study and signed an informed
consent in accordance with thetenets of the Declaration
of Helsinki. We analyzed, during 2 consecutive examina-
tions of those 50 eyes, the variation in time by gender of
the biomechanical parameters such as CH and CRF
regarding each eye and compared to the corneal ablation.

Statistical analysis 

Performed using Excel (Microsoft Corp.) and IBM
SPSS Statistics for Windows version. 20.0.1 (SPSS Inc).

RESULTS

Analyzing the variation of the biomechanical parame-
ters of the cornea (Corneal Hysteresis and Corneal 
Resistance Factor) for the 50 eyes included in our study it
came to the following results:

For the initial measurements of CH (before LASIK inter-
vention) the values ranged between 8.50 mmHg and 16.20
mmHg in women, while in men it ranged between 8.60
mmHg and 15.10 mmHg, with an overall mean of 11.14
mmHg. The second measurement (after LASIK) found the
CH values ranging from 7.10 mmHg to 14.00 mmHg in 
women and from 7.00 mmHg to 13.40 mmHg in men with
an overall mean of 9.46 mmHg. (fig. 4)

Figure 3 - Distribution 
of examination by eye

Figure 2 - Distribution of age 
by sex / patients
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The CH values had decreased in a range between a 
minimum of– 1 mmHg and a maximum of– 2.3 mmHg in
women (the mean value for decreasing was – 1.71 mmHg),
while in men we observed a decrease situated between a 
minimum of – 0.7 mmHg and a maximum of – 2.6 mmHg
(mean value of – 1.66 mmHg). For our 50 eyes the
decrease had a mean value of – 1.69 mmHg. (fig. 5)

For the initial measurements of CRF (before LASIK
intervention) the values ranged between 8.70 mmHg and
15.00 mmHg in women, while in men it ranged between
8.70 mmHg and 15.70 mmHg, with an overall mean of
11.30 mmHg. The second measurement (after LASIK)
found the CRF values ranging between 6.70 mmHg and
12.50 mmHg in women and between 6.80 mmHg and13.50
mmHg in men, with an overall mean of 9.12 mmHg. (fig. 6)

The CRF values had decreased in a range between a
minimum of– 1.6 mmHg and a maximum of – 2.9 mmHg
in women (the mean value of decreasing was – 2.13

mmHg), while in men we observed a decrease between a
minimum of – 1.2 mmHg and a maximum of – 3.1 mmHg
(mean value of – 2.24 mmHg). Overall, for our 50 eyes it
was a mean decreasing value of – 2.18 mmHg. (fig. 7)

DISCUSSION

The collagen lamellae that cross the cornea are in 
tension due to loading by the intraocular pressure. The 
disruption of these fibers by a refractive procedure results in
loss of tension and corneal expansion peripheral to the 
disruption [1,23]. This produces biomechanical central 
flattening in the anterior cornea [1,24]. In the anterior 
stroma, greater collagen interweaving and increased numbers
of transverse fiber elements result in an exponential decrease
in elasticity from the stronger anterior to the weaker 
posterior stroma [1,25]. Thus, the depth-dependent biome-
chanical properties of the cornea would be substantially

Figure 4 - ORA CH values 
by eye / gender

Figure 5 - ORA CH variation 
by eye / gender
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altered after refractive surgery [22,24,25]. There are many
options for corneal refractive surgery, but despite this fact, the
biomechanical properties of the pre and post-operative
cornea are not well characterized. The biomechanical 
properties of corneal tissue determine how it will respond
and deform when placed under stress [1,26]. Corneal 
biomechanical parameters (CH and CRF) offer a more 
complete characterization of the cornea compared to other
parameters – refraction, central corneal thickness (CCT)
and topography, making these values more useful in pre-
operative evaluation for candidates to refractive surgery [14].
The mean age at the inclusion in the study was 27.86 years
old.

The distribution by sex in our study showed an incidence
almost equal in females and males (13 men vs 15 female) and
by eye (right vs left) - 24 right eye vs 26 left eye. A little 
difference was found between the average age of males (26.69
years) at the moment of intervention versus the age of females
(28.87 years).

We found no statistical difference between the mean CH
values of decreasing in women (– 1.71 mmHg) versus men 
(– 1.66 mmHg). But we found a difference comparing the
overall mean decreasing in CH (– 1.69 mmHg) versus CRF
(– 2.18 mmHg). It was also no difference comparing the

CRF mean decreasing values in women (– 2.13 mmHg) 
versus men ( – 2.24 mmHg).

All eyes that underwent laser-assisted in-situ kerato-
mileus in surgery had decreased values of the bio-mechani-
cal parameters at 6 months after the procedure, fact
explained perhaps by corneal changes produced by the laser
ablation and the mechanical modification done with the
micro-keratome to the corneas.

CONCLUSIONS

In the LASIK group that we analyzed a significant
decrease of the biomechanical properties after refractive
surgery was observed. This result is similar with that in
other studies done by Jaycock [4], Luce [20], Kamyia [27]
and Ortiz [28], and implies that flap creation and corneal
thinning caused by ablation weakens the cornea. This
weakness could be one cause of corneal ectasia after
refractive surgery [28,29,30] and leads us to consider
corneal biomechanical measurement done using ORA
(Corneal Hysteresis and Corneal Resistance Factor) as a
new indicator for preoperative evaluation.

Ocular Response Analyzer (ORA) is a new important
investigative device of the cornea that makes an addition

Figure 6 - ORA CRF values 
by eye / gender

Figure 7 - ORA CRF variation 
by eye / gender
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to the diagnosis and guides the treatment in different 
ocular pathologies (such as keratoconus). Further clinical
studies should be done to support this hypothesis.
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