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Corneal Biomechanical Metrics in Eyes
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ABSTRACT

biomechanics evaluation as provided by the Ocular

S ince the first publication by Luce,! in vivo corneal
Response Analyzer (ORA; Reichert Ophthalmic

PURPOSE: To evaluate corneal biomechanical met-
rics with tomographic parameters (given by the Oculus
Pentacam) and refractive data in a population of healthy
Brazilian patients.

METHODS: Observational, cross-sectional study of 150
consecutive patients (53 men and 97 women; 260
eyes). Age, gender, central keratometric readings (cen-
tral K), central corneal thickness (CCT), anterior cham-
ber depth (ACD), spherical equivalent refraction, corneal
hysteresis, and corneal resistance factor (CRF) were
assessed and analyzed.

RESULTS: Mean patient age was 46.5+£21.04 years,
average central K was 43.59+1.54 diopters (D), CCT
was 545.05+35.41 um, ACD was 2.96+0.52 mm,
spherical equivalent refraction was —1.16+3.48 D,
corneal hysteresis was 10.17+1.82, and CRF was
10.14+1.8 (range: 5.45 to 15.1). Mean CRF and cor-
neal hysteresis were distinct among gender: CRF 10.326
in women and 9.810 in men (P=.0266); corneal hyster-
esis 10.421 in women and 9.727 in men (P=.0031).
A negative correlation was found between both CRF and
corneal hysteresis with age (r=-—0.1255, P=.0434;
and r=-0.2445, P=.0001, respectively). No asso-
ciation was found between CRF and average central K
(r=0.0633, P=.3086), ACD (r=—0.0474, P=.4498),
or spherical equivalent refraction (r=0.1028, P=.1061).
Corneal hysteresis was not associated with age and aver-
age central K (r=0.0572, P=.3573), ACD (r=0.0060,
P=.9236), or spherical equivalent refraction (r=0.0975,
P=.1253). Corneal resistance factor and corneal hyster-
esis were positively associated with CCT (r=0.5760, P=0;
and r=0.4655, P=0, respectively).

CONCLUSIONS: Corneal biomechanical metrics of
healthy Brazilian patients were associated with CCT, gen-
der, and age. Corneal steepness, ACD, and spherical
equivalent refraction did not affect corneal hysteresis and
CRF values in the studied population. [J Refract Surg.
2008;24:941-945.]

Instruments, Depew, NY) has gained increasing attention from
the ophthalmic community. Corneal biomechanical metrics,
namely corneal hysteresis and corneal resistance factor (CRF),
have been the subject of several recent publications.?!!

Stress (applied force) and consequent strain (deformation
in the material which stress has been applied) has a linear re-
lation in an elastic material or tissue. When stress is removed,
the original shape is recovered. Viscosity is the tendency of a
liquid to resist flow, and in an ideal liquid stress—strain cycle
is directly proportional.'? The higher the viscosity, the slower
the response to applied force; and viscous liquids do not re-
gain their original shape.

The cornea is an example of a complex viscoelastic tissue
(having both viscous and elastic properties).’> However, cor-
neal tissue is not linearly elastic: as applied stress increases,
the cornea stiffens (less strain at higher stresses). Corneal bio-
mechanics encompasses thickness, hydration, elasticity, vis-
cosity, and possible other yet undefined factors.219

The ORA records corneal inward and outward applanation
after delivery of a metered collimated air pulse, determining
its viscoelastic properties. Hysteresis can be defined as a mea-
sure of the energy absorption during the stress—strain cycle
of viscoelastic materials.? It has been previously shown that
corneal hysteresis is lower in keratoconus, Fuchs’ dystrophy,
glaucoma patients, and after refractive surgery.®® Also, it
has been proven to be almost constant throughout the day.”
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For a new technology to become widely accepted
and used on a clinical basis, it has to prove ability in
diagnosing and/or altering physician behavior. Refrac-
tive surgeons and glaucoma specialists are thought to
benefit the most from ORA, as the diagnosis, screening,
and management of patients may be modified by cor-
neal biomechanical metrics. However, these new diag-
nostic parameters (corneal hysteresis and CRF) should
be tested by different, independent researchers and the
“normal” values determined in different populations.

The majority of articles describe findings in Cauca-
sian patients. The Brazilian population is highly het-
erogeneous, and miscegenation is common. This study
aims to evaluate, determine, and correlate corneal bio-
mechanical metrics (corneal hysteresis and CRF) with
demographic, tomographic (Pentacam; Oculus Inc,
Wetzlar, Germany), and refractive data in a population
of healthy Brazilian patients.

PATIENTS AND METHODS

We conducted an observational, cross-sectional study.
The research followed the tenets of the Declaration of
Helsinki and was approved by the ethics committee
from Federal University of Sao Paulo. All patients
were informed about the purpose of the study and gave
informed consent before inclusion. Patients were se-
quentially evaluated from October 2005 to December
2006. Demographic and clinical data were obtained,
including date of birth, gender, and self-reported race
or ethnicity.

Each patient underwent a comprehensive ophthal-
mologic examination including review of medical his-
tory, best spectacle-corrected visual acuity, slit-lamp
microscopy, funduscopic examination, Pentacam to-
mographic evaluation, and ORA measurements. Exclu-
sion criteria were age <18 years, previous corneal or
ocular surgery, eye disease that could possibly inter-
fere with the readings/results (eg, glaucoma, uveitis,
corneal ectatic disease, Fuchs’ dystrophy, diabetic reti-
nopathy, etc), chronic and/or continuous use of topical
medications, corneal scars and/or opacities, irregular
astigmatism, systemic collagen diseases, and refusal to
sign an informed consent. Contact lenses had to be re-
moved at least 72 hours before examination.

Patients underwent testing with the ORA and Pen-
tacam by two trained ophthalmologists (R.S.A., D.].)
during the same visit. All measurements were taken
between 8 AM and 6 PM. Two consecutive ORA mea-
surements were performed on both eyes, and results
were averaged. Only good quality readings (defined by
the manufacturer as both force-in and force-out appla-
nation signal peaks on the ORA waveform being fairly
symmetrical in height®) were recorded. Spherical

equivalent refraction was obtained by dynamic refrac-
tion during clinical examination. Central keratometry
(average central K), central corneal thickness (CCT),
and anterior chamber depth (ACD) were assessed by
the Pentacam.

The Pentacam system is connected to a personal
computer, with automated software. The manufacturer
performed calibration of the device. The system uses
a rotating Scheimpflug camera and a monochromatic
slit light source (blue LED at 475 nm) that rotate to-
gether. After proper alignment of the patient’s face, a
fixation target is shown and guides the patient’s look.
A real-time image of the patient’s eye is shown to the
examiner on the computer screen, and the image is
focused and centered manually. The rotating camera
was set to take 25 slit images of the anterior eye seg-
ment in approximately 2 seconds with 500 true eleva-
tion points incorporated in each slit image. Minute eye
movements are captured by a second camera and cor-
rected simultaneously. Single point pachymetric mea-
surements of the entire cornea are calculated from the
calculated front and back corneal surfaces. The CCT,
average central K, and ACD are measured in each of
the single images of a scan.

The ORA determines corneal biomechanical proper-
ties using an applied force—displacement relationship.
Details have been extensively described previously.!57:910
Briefly, a precisely metered air pulse is delivered to the
eye, causing the cornea to move inward, past a first ap-
planation, and into a slight concavity. Milliseconds af-
ter the first applanation, the air generating the air pump
is shut down and the pressure applied to the eye de-
creases in an inverse-time, symmetrical fashion. As the
pressure decreases, the cornea passes through a second
applanated state while returning from concavity to its
normal convex curvature. Energy absorption during
rapid corneal deformation delays the occurrence of the
inward and outward applanation signal peaks, result-
ing in a difference between the applanation pressures.
The difference between these inward and outward mo-
tion applanation pressures is called corneal hysteresis.
Corneal hysteresis is an indication of viscous damping
and elastic resistance, reflecting the capacity of corneal
tissue to absorb and dissipate energy. Corneal resis-
tance factor was empirically derived to maximize cor-
relation to CCT,?° and one can consider to be weighted
by elastic resistance because it has a stronger correla-
tion to CCT than corneal hysteresis. Although corneal
hysteresis and CRF are related, in some instances they
can be significantly different, each providing distinct
information about the cornea.

The Kolmogorov-Smirnov test was used to check
for a normal distribution of quantitative data, which
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TABLE

Demographic and Clinical
Characteristics of 150 Brazilian
Patients (260 Eyes)

Mean+=SD Kolmogorov-
Characteristic (Range) Smirnov Test*
Age (y) 45.09+20.58 .00
(18 to 90)
Central K (D) 43.59+1.54 .0013
(38.1 to 46.75)
CCT (um) 545.05+35.41 .30
(454 to 640)
ACD (mm) 2.96+0.52 .832
(1.34 to 4.69)
SE (D) —1.16+3.48 .00
(—19.75 to +9.50)
Corneal hysteresis 10.17+1.82 .08
(3.23 to 14.58)
CRF 10.14+1.80 .363

(5.45 to 15.10)

Central K = average central keratometry, CCT = central corneal thick-
ness, ACD = anterior chamber depth, SE = spherical equivalent refrac-
tion, CRF = corneal resistance factor

*Composite normality.

are provided as the mean and standard deviation (SD).
Differences between data were evaluated using the
Student two-sample t test, whereas correlation coeffi-
cients (r) were established by Spearman’s rank corre-
lation or Pearson’s product-moment correlation where
appropriate. The level of significance for each parameter
was set at P<.05.

RESULTS

The study included 260 eyes of 150 consecu-
tive patients. Fifty-three (35.3%) patients were men,
and 97 (64.7%) were women. Mean patient age was
46.5+21.04 years (range: 18 to 90 years). Average cen-
tral K was 43.59+1.54 diopters (D) (range: 38.1 to 46.75
D), CCT 545.05+35.41 pm (range: 454 to 640 pm), ACD
2.96x0.52 mm (range: 1.34 to 4.69 mm), spherical
equivalent refraction —1.16*+3.48 D (range: —19.75 to
+9.50 D), corneal hysteresis 10.17*+1.82 (range: 3.23
to 14.58), and CRF 10.14*+1.8 (range: 5.45 to 15.1). The
Table shows patient demographic and clinical charac-
teristics.

Mean CRF and corneal hysteresis were distinct
among gender. Corneal resistance factor was 10.326
in women and 9.810 in men (P=.0266, Fig 1). Corne-
al hysteresis was 10.421 in women and 9.727 in men
(P=.0031, Fig 2).

A negative correlation was found between CRF and
age (r=—0.1255, P=.0434; Fig 3). There was no asso-

12 14

CRF averages
10

Female Male

Figure 1. Corneal resistance factor (CRF) X gender. Mean value of
10.326 in women and 9.810 in men (P=.0266; 95% confidence interval
0.06043 to 0.97158; Standard two-sample t test).

1 =

CH averages

Female Male

Figure 2. Corneal hysteresis X gender. Mean value of 10.421 in women
and 9.727 in men (P=.0031; 95% confidence interval 0.235997 to
1.151652; Standard two-sample t test).

ciation between CRF and average central K (r=0.0633,
P=.3086), ACD (r=—0.0474, P=.4498), or spherical
equivalent refraction (r=0.1028, P=.1061). Corneal
resistance factor was positively associated with CCT
(r=0.5760, P=.00; Fig 4).

Corneal hysteresis was also associated with CCT
(r=0.4655, P=.00; Fig 5) and negatively correlated with
age (r=—0.2445, P=.0001; Fig 6). No association was
found between corneal hysteresis and average central
K (r=0.0572, P=.3573), ACD (r=0.0060, P=.9236), or
spherical equivalent refraction (r=0.0975, P=.1253).

DISCUSSION
As Ethier et al'” states, material properties of the cor-
nea are heterogeneous, highly anisotropic, nonlinear,
and viscoelastic. In an extensive review, Torres et al'#
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Figure 3. Negative correlation between corneal resistance factor (CRF)
and age (r=—0.1255; P=.0434; Spearman’s rank correlation).

Figure 4. Positive association between corneal resistance factor (CRF)
and central corneal thickness (CCT) (r=0.5760; P=.00; Pearson’s
product-moment correlation).
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Figure 5. Corneal hysteresis (CH) was positively associated with central
corneal thickness (CCT) (r=0.4655; P=.00; Pearson’s product-moment
correlation).

described CCT and corneal collagen fibers density as
the most important intrinsic factors determining cor-
neal biomechanics. We would add to these, corneal
hydration (and its control by the endothelium), cor-
neal thickness regional variation,'®??? and collagen
fibril orientation and distribution.'®*3

Studies by Kida et al'® and Laiquzzaman et al’
showed that corneal hysteresis remains almost con-
stant throughout the day, whereas CCT and intraocu-
lar pressure showed statistically significant variations
(higher values during nocturnal periods) in young
adults. These interesting findings proved that corneal
biomechanical metrics are independent of diurnal
changes in CCT and corneal hydration. The small
number of patients in both studies could restrict their
findings to these specific populations. Our study in-
dicates a relationship between CRF and corneal hys-

Figure 6. Corneal hysteresis (CH) was negatively correlated to age
(r=—0.2445; P=.0001; Spearman’s rank correlation).

teresis with CCT, which is in agreement with previ-
ous studies.*®

Luce,! in his pioneer study, found a mean corneal
hysteresis of 9.6 in a population of healthy young pa-
tients (age range 23 to 38 years). Corneal hysteresis in
children has been studied by Kirwan et al® who found
a mean corneal hysteresis of 12.5 in healthy children,
and no correlation with age. We found mean corneal
hysteresis of 10.17+1.82 in a Brazilian population with
a mean age of 46.5+21.04 years (range: 18 to 90 years).
Our results complement these previous findings in an
older population. Interestingly, in our study, age was
inversely associated with corneal biomechanical met-
rics (see Figs 3 and 6).

We do not believe that the association between cor-
neal biomechanical metrics and gender found in this
study is clinically significant, and may be due to the
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fact that more women were studied (97 women, 167
eyes; 53 men, 93 eyes). However, the numerical differ-
ence was small (10.326x9.810 for CRF; 10.421X9.727
for corneal hysteresis) and, most importantly, con-
fidence interval has a wide range. Both groups had
similar mean age (43.68*20.04 years for men and
48.04*21.52 years for women). We aim to continue
evaluating corneal biomechanical metrics in healthy
patients to confirm these data in a larger sample. In ad-
dition, our group is currently enrolling participants to
study corneal biomechanical metrics in patients with
ocular pathologies (such as keratoconus, Fuchs’ endo-
thelial dystrophy, and glaucoma) and its modifications
after ocular surgery.

Our results of corneal hysteresis and CRF in a healthy
Brazilian population were slightly lower than those pre-
viously published for healthy Caucasians.!*7#1° There-
fore, we can hypothesize that corneal biomechanical
metrics may be influenced by race and/or ethnicity. Our
study, however, has limitations. We chose to exclude
patients with any ocular pathology other than cataract
and previous corneal and/or ocular surgery. We do not
know, for example, the effect of cataract wound in cor-
neal biomechanics. Patients were not randomized; those
seeking regular ocular examination, refractive surgery,
and cataract candidates were included.

This study evaluated the corneal biomechanical
metrics of healthy Brazilian patients, and an associa-
tion with CCT, gender, and age was found. Average
central K, ACD, and spherical equivalent refraction
did not affect corneal hysteresis and CRF values in the
studied population. Further studies are warranted to
establish normal values of corneal hysteresis and CRF
in different populations.
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