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Purpose: To investigate the repeatability and reproducibility of the Visante Omni
topography in obtaining topography measurements of rabbit corneas and to develop
a post-surgical model of corneal ectasia.

Methods: Eight rabbits were used to study the repeatability and reproducibility by
assessing the intra- and interobserver bias and limits of agreement. Another nine
rabbits underwent different diopters (D) of laser in situ keratosmileusis (LASIK) were
used for the development of ectasia model. All eyes were examined with the Visante
Omni, and corneal ultrastructure were evaluated with transmission electron
microscopy (TEM).

Results: There was no significant intra- or interobserver difference for mean steep and
flat keratometry (K) values of simulated K, anterior, and posterior elevation
measurements. Eyes underwent �5 D LASIK had a significant increase in mean
amplitude of astigmatism and posterior surface elevation with time (P for trend ,
0.05). At 2 and 3 months, the �5 D LASIK group had significant greater mean
amplitude of astigmatism (P ¼ 0.036; P ¼ 0.027) and posterior surface elevation (both
P , 0.005) compared with control group. On TEM, the mean collagen fibril diameter
and interfibril distance in the �5 D LASIK eyes were significantly greater than in
controls at 3 months (P ¼ 0.018; P , 0.001).

Conclusions: The Visante Omni provided imaging of the rabbit cornea with good
repeatability and reproducibility. Application of �5 D LASIK treatment produced a
rabbit model of corneal ectasia that was gradual in development and simulated the
human condition.

Translational Relevance: The results provide the foundations for the future
evaluation of novel treatment modalities for post-surgical ectasia and keratoconus.

Introduction

Ectasia is the development of an abnormal conical
shape of the cornea, leading to irregular refractive
errors and impaired quality of vision.1 Keratoconus,
the commonest ectasia, tends to affect young individ-
uals and therefore, compromises long-term employ-
ment, career choices, and driving ability. Keratoconus

has a quoted prevalence of 54 per 100,000 (0.054%) in
the general population,1,2 but in Northern China and
central India a much higher prevalence of 0.9% and
2.3% is reported.3,4 Ectasia can also be iatrogenic,
developing as a complication in 1 in 2500 cases
following laser in situ keratosmileusis (LASIK), the
most common corneal laser refractive procedure.5,6

Corneal topography technology can map both the
anterior and posterior corneal surfaces. Early tech-
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nology, such as Placido ring–based reflective topog-
raphy, measured and mapped the anterior corneal
surface only.7,8 Although anterior surface topography
is invaluable in the diagnosis of ectasia, it is now well
documented that keratoconus is first detected on the
posterior corneal surface.9–11 Posterior surface topog-
raphy is, therefore, essential for diagnosis of early
ectasia and progression. Corneal topography, is also
essential for the evaluation and efficacy of new
treatment modalities for ectasia, such as collagen-
cross linking.1,2,12–15

A plethora of topography devices are available to
analyze both anterior and posterior corneal surfaces.
Orbscan scanning-slit topography (Orbscan IIz;
Bausch & Lomb Surgical Inc., San Dimas, CA)
combines Placido ring–based imaging with analysis of
the dimensions of a slit-scanning beam projected on
the cornea.16 It tends to underestimate corneal
thickness and has been found to have limited scanning
potential compared with optical coherence tomogra-
phy (OCT) in the presence of corneal scarring.17 It
also has been found to, artifactually, show anterior
displacement of the posterior corneal surface follow-
ing LASIK.18,19 The newer Pentacam-Scheimpflug
imaging device (Pentacam; Oculus Inc., Lynnwood,
WA) also images and analyses slit images of the
cornea but does not systematically display such
posterior surface inaccuracies.19 However, in cases
with haze or an intense demarcation line following
collagen-cross linking, the automated software has
incorrectly detected the posterior surface.20 OCT-
based devices have a higher image resolution and may
not be affected to such an extent by light scatter.17

The Visante Omni (Carl Zeiss Meditec, Jena,
Germany) combines OCT technology with Placido
ring–based reflective topography by integrating the
Visante OCT with the ATLAS 9000 Placido disc
corneal topographer. The latter is used to derive
anterior surface topography measurements that are
summated with the pachymetric Visante OCT mea-
surements to provide posterior corneal surface
topography. We,21 and others,22 have previously
found that the Visante Omni has excellent repeatabil-
ity and reproducibility of anterior and posterior
corneal topography in healthy patients.

The rabbit cornea has been used extensively to
understand disease pathogenesis, such as dry eye
following corneal laser refractive surgery and infective
keratitis,23,24 and to investigate novel treatments, such
as riboflavin application in a corneal pocket.25

Corneal topography in rabbits has been used to
describe the healthy rabbit cornea and to quantify the

treatment effect of collagen-cross linking and corneal
inlay implantation.25,26 However, only anterior sur-
face topography has been used to evaluate these
treatments.25,26 Due to the importance of posterior
surface topography in ectasia management,13–15

accurate measurements are imperative. The Visante
Omni has the imaging capability to topographically
image the rabbit cornea.

The aims of this study were to investigate the
repeatability and reproducibility of anterior and
posterior corneal surface topography of the rabbit
cornea with the Visante Omni, and to investigate the
application of excimer laser stromal photoabalation to
the development of a rabbit model of corneal ectasia.

Materials and Methods

Animals

Seventeen New Zealand White rabbits aged 3-
months old were used in this study. Among them, eight
rabbits (15 eyes) were used for the assessments of the
repeatability and reproducibility of corneal biometric
measurements, and the remaining nine rabbits (18 eyes)
were used for the development of the rabbit experi-
mental model of post-surgical corneal ectasia. All
rabbits were obtained from InVivos (Singapore) and
housed under standard laboratory conditions in
SingHealth Experimental Medicine Centre, Singapore.
Animals were anesthetized with xylazine hydrochloride
(5 mg/kg intramuscularly; Troy Laboratories, Smith-
field, Australia) and ketamine hydrochloride (50 mg/kg
intramuscularly; Parnell Laboratories, Alexandria,
Australia) during the procedure and examinations.
All animals were treated according to the guidelines of
the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research. The study protocol
was approved by the Institutional Animal Care and
Use Committee of SingHealth, Singapore.

Intraobserver and Interobserver
Repeatability and Reproducibility of Visante
Omni Examinations

A total of 15 eyes were scanned with the Visante
Omni. A lid speculum was used to keep the rabbits’ eye
open during the measurements to ensure that the
eyelids did not block the 10-mm diameter mapping
area. The cornea was kept wet regularly with balanced
salt solution to prevent the ocular surface from drying.
First, the cornea was scanned with ATLAS corneal
topographer, incorporated with the Visante Omni,
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where 8000 data points of the anterior corneal surface
were recorded. The anterior corneal topography data
were then transferred to the Visante OCT station via a
network link. The rabbit was then moved to the
Visante OCT station to scan for global pachymetry.
Pachymetry alignment with anterior corneal surface
data, obtained from the ATLAS corneal topographer,
required the observer to locate the center of the pupil,
which was achieved when the vertex produced a
vertical white line behind the center of the cornea.
Thereafter, the Visante OCT system would lock onto
the vertex and track it so that the pachymetric data
could be recorded. The pachymetry scan comprised of
2048 data points from 16 meridional scans. The
construction of the posterior corneal elevation and
curvature was performed by the in-built Visante Omni
software (version 3.0). Three quantitative parameters
were then obtained and analyzed; anterior axial
curvature (steep K and flat K), anterior elevation
(steep K and flat K), and posterior elevation (steep K
and flat K). Two trained, independent, masked
observers (AR and RB) performed and reviewed the
corneal scans. Each eye had a set of five readings taken
over a day by each observer. One week later, each
observer repeated the biometric measurements to
assess the intraobserver reproducibility.

Femtosecond LASIK Procedure for the
Experimental Model of Post-Surgical Corneal
Ectasia

A rabbit experimental model for LASIK was used
as previously described,27 and the procedures were
performed by a single, experienced corneal surgeon
(JM). LASIK flaps were created with a 500-kHz
femtosecond laser (VisuMax; Carl Zeiss Meditec).
The laser parameters were as follows: 120-lm flap
thickness; 7.9-mm flap diameter; 170-nJ power; spot
distance and tracking spacing of 4.8/4.8 lm for
lamellar and 2/2 lm for flap side cuts, respectively.
After the flap was lifted, the underlying stroma
received a 6.5-mm optical zone ablation using an
excimer laser (Technolas; Bausch & Lomb, Rochester,
NY). Three different refractive corrections were
applied: �9, �7, and �5 diopters (D). Three eyes of
three rabbits were used for each refractive correction
and the contralateral eyes served as controls without
any surgical procedure done. The excimer laser
settings were: spot size 2.0-lm diameter, fluence 120
mJ/cm2, and repetition rate 50 Hz. When the flap was
repositioned, a bandage contact lens (Bausch &
Lomb, New York) was applied and the eyelid was

closed with a temporary tarsorraphy using a 6-0 silk
suture.

Post-Lasik Clinical Evaluation

All post-LASIK and contralateral control eyes
underwent slit-lamp biomicroscopy, anterior segment
OCT (AS-OCT; RTVue; Optovue, Inc., Fremont,
CA) and Visante Omni examinations before surgery
and weekly post operatively until month 3. AS-OCT
was used to assess post-LASIK corneal contour and
central corneal thickness. Visante Omni measure-
ments were obtained to evaluate post-LASIK corneal
topographic changes, comprising anterior mean
curvature, standard elevation measurements, biome-
try of the 4.5-mm diameter zone, and simulated
keratometry (SimK). For each eye, nine measure-
ments were taken by an observer, and the average for
SimK, amplitude of astigmatism, and posterior
elevation measurements was calculated and used for
further analysis.

Histopathology

The rabbits were euthanatized under anesthesia at 3
months by overdose intracardiac injection of sodium
pentobarbital. The corneal samples were fixed in
neutral 4% buffered paraformaldehyde (Sigma-Al-
drich, Singapore), dehydrated, cleared, and embedded
in paraffin, and then cut in 7-lm sections. The sections
were air dried for 10 minutes and rehydrated with 95%
ethanol for 5 minutes. The slides were then washed
prior to hematoxylin staining for 2.5 minutes, followed
by treating with Scott’s tap water for 5 minutes. The
slides were counter stained with Eosin for 2 minutes
followed by washing in tap water. Series of dehydra-
tion with 95% and 100% ethanol were carried out for 5
minutes each. The sections were mounted after two
changes of xylene for 2 minutes each and examined
using Axioplan, Zeiss Light Microscope (Carl Zeiss
Meditec) under bright field mode.

Transmission Electron Microscopy

A 1.5 cm 3 1.5 mm section was excised from the
central cornea and fixed in 2% glutaraldehyde (Elec-
tron Microscopy Sciences, Hatfield, PA) at 48C
overnight. The tissue was then washed in sodium
cacodylate buffer (Electron Microscopy Sciences) for
10 minutes and rinsed with copious of distilled water.
Post-fixation was then performed in 1% osmium
tetroxide (Electron Microscopy Sciences) for 2 hours
at room temperature. After rinsing with distilled water,
the tissue was dehydrated in an increasing concentra-
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tion of ethanol (25%, 50%, 75%, 95%, and 100%), and
embedded in Araldite (Electron Microscopy Sciences).
All ultra-thin sections of 60- to 80-nm thickness were
collected on copper grids, doubled-stained with uranyl
acetate and lead citrate for 10 minutes each, then
viewed and photographed using a Philips EM 208S
Transmission Electron Microscope (FEI Electron
Optics BV, Eindhoven, the Netherlands).

Statistical Analysis

Bland-Altman plots were employed to determine
intra- and interobserver agreements between the
measurements. MedCalc statistical software, version
9.3, (MedCalc Software, Mariakerke, Belgium) was
used to generate the Bland-Altman plots. The
repeatability and reproducibility values were calcu-
lated in terms of mean bias and 95% limits of
agreement (LoA). Paired t-tests were used for the
differences within intra- and interobserver measure-
ments. Differences between the control and LASIK
groups were assessed with the Student’s t-test. P
values of less than 0.05 were considered to be
statistically significant.

Results

Intraobserver and Interobserver
Reproducibility of Visante Omni
Examinations

The intraobserver mean biases and LoA for the
different parameters for observers 1 and 2 are shown in

Table 1 and Figure 1. There was no significant
intraobserver difference for mean SimK (steep K and
flat K), anterior elevation (steep K and flat K), and
posterior elevation measurements (steep K and flat K).
For the six measurements, the intraobserver mean bias
ranged from �0.068 to 0.263 D for observer 1, and
from �0.175 to 0.140 D for observer 2. LoA varied
from�2.077 to 2.026 D for the anterior axial curvature
measurements, �2.556 to 3.083 D for the anterior
elevation map measurements, and �0.388 to 0.481 D
for the posterior elevation map measurements.

The interobserver mean biases and LoA for the
different parameters are shown in Table 2 and Figure
2. There was no significant interobserver difference
for mean SimK (steep K and flat K), anterior
elevation (steep K and flat K), and posterior elevation
measurements (steep K and flat K). For the six
measurements, the interobserver mean bias ranged
from�0.475 to�0.266 D. LoA ranged from�1.639 to
1.107 D for the anterior axial curvature measure-
ments, �2.269 to 1.532 D for the anterior elevation
map measurements, and �3.002 to 2.051 D for the
posterior elevation map measurements.

As there was a high intra- and interobserver
reproducibility in the Visante Omni measurements,
we further used the Visante Omni to evaluate a rabbit
experimental model of post-surgical corneal ectasia.

Post-Surgical Corneal Ectasia Model

In the rabbits that were treated with�9 D LASIK,
corneal microperforation was observed in two of
three eyes immediately after the procedure. In the eyes

Table 1. Intraobserver Mean Biases and LoA for the Different Parameters

Parameters Mean Bias (D) LoA (D) P Valuea

Observer 1
Simulated mean keratometry: steep K �0.026 �2.077 to 2.026 0.926
Simulated mean keratometry: flat K �0.068 �1.301 to 1.166 0.684
Anterior elevation map: steep K 0.263 �2.556 to 3.083 0.490
Anterior elevation map: flat K �0.053 �1.985 to 1.878 0.837
Posterior elevation map: steep K 0.043 �0.336 to 0.423 0.400
Posterior elevation map: flat K 0.040 �0.281 to 0.361 0.361

Observer 2
Simulated mean keratometry: steep K �0.047 �0.691 to 0.597 0.591
Simulated mean keratometry: flat K �0.175 �1.594 to 1.245 0.366
Anterior elevation map: steep K 0.140 �1.403 to 1.683 0.502
Anterior elevation map: flat K �0.103 �1.219 to 1.012 0.493
Posterior elevation map: steep K 0.047 �0.388 to 0.481 0.428
Posterior elevation map: flat K 0.033 �0.380 to 0.447 0.551
a The comparison of the two measurements from two time points from a same observer.

http://tvstjournal.org/doi/full/10.1167/tvst.4.2.16 TVST j 2015 j Vol. 4 j No. 2 j Article 164

Liu et al.

Downloaded from tvst.arvojournals.org on 07/02/2019



that were treated with �7 D LASIK, topographic
changes with an increase in posterior elevation up to
19 lm developed within 1 week of the procedure in all
three eyes (data not shown). The eyes that had�5 D
LASIK treatment gradually developed topographic
ectatic changes over a period of 8 to 12 weeks
following the procedure; they were thus evaluated as a
model of corneal ectasia.

The anterior axial curvature map, which describes
the overall corneal power, showed central steepening in

both control and�5 D LASIK eyes preoperatively, and
at 1, 2, and 3 months post operatively (Figs. 3A–H).
The mean amplitude of astigmatism was significantly
greater in the�5 D LASIK group compared with the
control group at 2 and 3 months post-operatively (1.82
6 0.39 vs. 0.83 6 0.23 D, and 2.93 6 0.47 vs. 0.95 6

0.26 D; P ¼ 0.036 and P ¼ 0.027, respectively). A
significant increase in the mean amplitude of astigma-
tism with time was also observed in the�5 D LASIK
group (P for trend¼ 0.046; Fig. 3I).

Figure 1. Representative Bland Altman plots of measurements of parameters repeated by the same observer (observer 2) showing the
intraobserver reproducibility of the steep and flat K measurements of SimK (A, B), steep and flat K measurements of anterior elevation
map (C, D), and steep and flat K measurements of posterior elevation map (E, F). The graph displays a scatter diagram of the differences
plotted against the averages of the two measurements from two time points from the same observer. Solid horizontal lines represent the
mean difference, and dot horizontal lines represent the limits of agreement, which are defined as the mean difference plus and minus 1.96
times the standard deviation of the differences.

Table 2. Interobserver Mean Biases and LoA for the Different Parameters

Parameters Mean Bias (D) LoA (D) P Valuea

Simulated mean keratometry: steep K �0.266 �1.639 to 1.107 0.164
Simulated mean keratometry: flat K �0.277 �1.317 to 0.764 0.063
Anterior elevation map: steep K �0.368 �2.269 to 1.532 0.163
Anterior elevation map: flat K �0.410 �2.144 to 1.324 0.094
Posterior elevation map: steep K �0.450 �2.782 to 1.881 0.165
Posterior elevation map: flat K �0.475 �3.002 to 2.051 0.175

a The comparison of the two measurements from two observers.
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The anterior mean curvature map, which removes
regular astigmatism from the anterior axial curvature
and reveals the local average curvature, showed
progressive inferior steepening in �5 D LASIK eyes,
whereas a more regular topographic pattern was
observed in the control eyes (Fig. 4).

The posterior elevation map, which reveals the
irregularity of the posterior corneal surface, showed
obvious progressive posterior central-nasal and cen-
tral-temporal steepening in the �5 D LASIK eyes,
with butterfly-shape ectatic change formation at 3
months. On the contrary, the posterior elevation map
in the control eyes showed a normal and regular
pattern (Figs. 5A–H). The mean posterior elevation
was significantly higher in the �5 D LASIK group
compared with the control group at 1, 2, and 3
months post operatively (42.57 6 7.47 vs. 6.35 6 1.02
lm, 55.08 6 8.56 vs. 5.45 6 0.81 lm, and 96.26 6

13.22 vs. 5.88 6 0.92 lm, respectively; all P , 0.005).
A significant increase in the mean value of posterior
elevation with time was also observed in the �5 D
LASIK group (P for trend , 0.05; Fig. 5I).

Slit-Lamp Biomicroscopy and AS-OCT
Evaluation of Post-Surgical Corneal Ectasia
Model

Throughout the 3-month follow-up period, the

corneal contour appeared normal with slit-lamp

biomicroscopy, without the development of an irreg-

ular contour or inferior thinning in either�5 D LASIK

or control groups. There was no flap dehiscence or

dislocation. The cornea of all rabbits remained clear

with no stromal haze formation or scar.

On AS-OCT examination, an increase in reflectiv-

ity was seen at the LASIK flap interface. The mean

preoperative central corneal thickness was 351 6 9.2

lm. At 3 months, the mean post-LASIK central

corneal thickness for the�5 D LASIK group was 298

6 8.1 lm, the mean flap thickness 122 6 3.1 lm, and
the mean residual stromal bed thickness 176 6 8.8

lm. There was no focal thinning, bulging, or

irregularity in the corneal contour detected on the

AS-OCT images.

Figure 2. Bland Altman plots of measurements of parameters repeated by different observers showing the interobserver reproducibility
of the steep and flat K measurements of SimK (A, B), steep and flat K measurements of anterior elevation map (C, D), and steep and flat K
measurements of posterior elevation map (E, F). The graph displays a scatter diagram of the differences plotted against the averages of
the two measurements from two observers. Solid horizontal lines represent the mean difference, and dot horizontal lines represent the
limits of agreement, which are defined as the mean difference plus and minus 1.96 times the standard deviation of the differences.
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Histopathology

The corneas that had the LASIK ablation proce-
dure had thinner total corneal thickness compared
with those in the control group. The corneas
underwent �5 D LASIK exhibited focal discontinu-
ation or undulations of Bowman’s layer over the laser
ablation region, and exhibited focal peripheral
epithelial hyperplasia (Fig. 6). These features were

compatible with histopathological changes in ectatic

corneas.

Ultrastructual Changes

TEM micrographs demonstrated the ultrastructur-

al changes in the central corneas for the control

group, and in the laser ablation region for the �5 D

LASIK group (Figs. 7A–D). At high-power (36000)

Figure 3. Representative anterior axial curvature maps of ATLAS corneal topographer images for the control (A–D) and �5 D LASIK
groups (E–H) preoperatively (A, E) and at 1 (B, F), 2 (C, G) and 3 months post operatively (D, H). The line graph showed the mean
amplitude of astigmatism with time in both groups. The mean amplitude of astigmatism was significantly greater in the �5 D LASIK
group compared with the control group at 2 and 3 months post operatively. A significant increase in the mean amplitude of astigmatism
with time was also observed in the �5 D LASIK group (I). *P , 0.05.
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magnification, the collagen bundles in the �5 D
LASIK corneas were more wavy and distorted than
those in the control group, particularly in the
posterior corneal portion, without lamellae disruption
(Figs. 7A, C). At ultra-high power magnification
(340,000), the mean diameter of the collagen fibrils
was significantly thicker in the �5 D LASIK group
(39.6 6 5.4 nm) than in the control group (34.7 6 3.7
nm; P ¼ 0.018). The interfibril distance was signifi-
cantly wider (59.6 6 8.1 nm) in the �5 D LASIK
group than in the control group (49.9 6 7.0 nm; P ,

0.001; Figs. 7B, D).

Discussion

This study has shown that the Visante Omni
corneal topographer can map both anterior and
posterior surfaces of the rabbit cornea with good
repeatability and reproducibility. It can, therefore,
be used to image and quantify corneal pathology
that may alter the shape of the cornea, such as
keratoconus and post-LASIK ectasia. Use of the
Visante Omni enabled us to investigate the effect of
excimer laser stromal ablation on the induction of
ectasia and to develop a rabbit model of corneal
ectasia.

Keratometry measurements were not different
when repeated by the same or a different examiner,
indicating good repeatability and reproducibility. As
this is the first study to investigate repeatability and
reproducibility on the rabbit cornea, no comparative
data are available. In a previous study in which we
investigated the repeatability of the Visante Omni on
humans, narrower LoA were demonstrated for intra-
observer SimK, interobserver SimK, and interobserv-
er posterior surface elevation measurements (0.2842–
0.2922 D, �0.3031 to 0.3061 D, and �0.0442 D to
0.0442 D, respectively).21 Better repeatability in
humans may occur due to their ability, in contrast
to that of rabbits, to focus on the fixation target
during scans. The only other study to have investi-
gated the Visante Omni also found good repeatability
and reproducibility on humans; interobserver poste-
rior elevation measurements had LoA between�0.08
to 0.08 mm and�0.14 to 0.10 mm for the 8- and 5-mm
best-fit spheres, respectively.22

The imaging capabilities of the Visante Omni
enabled us to evaluate the effect of stromal photo-
ablation on the development of ectasia in the rabbit
cornea. Deep excimer ablation was performed in
order to achieve maximal corneal ectasia. We found
that the �5 D treatment produced the most appro-

Figure 4. Representative anterior mean curvature maps of ATLAS corneal topographer images for the control (A–D) and �5 D LASIK
groups (E–H) preoperatively (A, E) and at 1 (B, F), 2 (C, G) and 3 months post operatively (D, H). Progressive inferior steepening was
observed in the�5 D LASIK eyes (note: the maximal color scale in G and H was 48 and 50 D), whereas a more regular topographic pattern
was seen in the control eyes.
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priate model, as the eyes developed gradual topo-
graphic changes of ectasia over 2 to 3 months,
simulating the slowly progressive condition in hu-
mans. The gradual onset of ectasia with �5 D
treatment could allow the evaluation of treatment
modalities that aim to halt or slow the ectasia
progression. The other treatment groups would not

allow this, as in the�7 D group the ectasia developed
rapidly within 1 week and with �9 D treatment
microperforations developed.

Two mechanisms have been postulated to explain
the development of ectasia in keratoconus. An
imbalance in the homeostasis between proinflamma-
tory and anti-inflammatory cytokines may contrib-

Figure 5. Representative posterior mean curvature maps of ATLAS corneal topographer images for the control (A–D) and�5 D LASIK
groups (E–H) preoperatively (A, E) and at 1 (B, F), 2 (C, G), and 3 months post operatively (D, H). Obvious progressive posterior central-
nasal and central-temporal steepening, with butterfly-shape ectatic change formation at 3 months, was seen in the �5 D LASIK eyes
(note: the maximal color scale in H was 35 D). On the contrary, the posterior elevation map in the control eyes showed a normal and
regular pattern. The line graph showed the mean posterior elevation with time in both groups. The mean posterior elevation was
significantly higher in the �5 D LASIK group compared with the control group at 1, 2, and 3 months post operatively. A significant
increase in the mean value of posterior elevation with time was also observed in the �5 D LASIK group (I). ***P , 0.005.
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ute to corneal tissue loss and ectasia development.28

A second theory suggests that there may be slippage
between the corneal collagen fibrils as the underlying

pathology.29 Analysis of X-ray scattering patterns in

keratoconic corneas has shown that loss of the

regular orthogonal orientation of collagen fibrils

occurs.30 The stromal lamellae in post-LASIK

ectasia corneas have been found with electron
microscopy to undulate more than in ectatic corneas

and the mean diameter and interfibrillar spacing of

collagen fibrils to be increased.31 This is consistent

with the ultrastructural changes that were present in

Figure 6. Light microscopic cross-sectional histologic specimen stained by hematoxylin-eosin (H & E) stain. Low magnification picture
(340) showed the LASIK interface wound (A, dotted line arrows). Higher magnification pictures (3100 and 3200) for the control group (B,
C) and�5 D LASIK group (D, E) showed that the post-LASIK corneas exhibited focal discontinued or undulations of Bowman’s layer over
the laser ablation region (arrows), and focal peripheral epithelial hyperplasia (arrowhead), compared with the corneas in control group.
Scale bar 100 (A, B, D) and 50 lm (C, E).
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our rabbit model, in which the collagen fibrils of the
ectatic corneas had an increased diameter and
interfibrillar spacing.

In conclusion, our study has shown that the
Visante Omni has good repeatability and reproduc-
ibility when scanning the rabbit cornea. Treatment
with �5 D excimer laser stromal photoablation
produced a rabbit model of ectasia that simulates
human keratoconus in gradual development, corneal
topography, and ultrastructural arrangement of
collagen fibrils. This sets the foundations for the
future evaluation of novel treatment modalities for
keratoconus and post refractive surgery ectasia.
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Figure 7. Transmission electron micrographs showing the ultrastructural changes in the central corneas at 3 months postoperatively for
the control group (A, B) and�5 D LASIK group. (C, D) The collagen bundles in the�5 D LASIK corneas were more wavy and distorted (C,
arrows) than those in the control group (A). Magnification: 36000. The mean diameter of the collagen fibrils was significantly thicker in
the�5 D LASIK group (39.6 6 5.4 nm) than in the control group (34.7 6 3.7 nm; P¼ 0.018). The interfibril distance was significantly wider
(59.6 6 8.1 nm) in the �5 D LASIK group than in the control group (49.9 6 7.0 nm; P , 0.001; [B, D]). Magnification: 340,000.
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