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Computerised videokeratoscopy is the
current standard for measuring corneal
topography.1 Modern videokeratoscopes
provide an accurate representation of the
anterior corneal surface to allow assess-
ment of corneal irregularities in kerato-
conus,2 aid clinicians in contact lens fit-
ting3 and provide the means for evaluating
the corneal contribution to optical aber-
rations of the whole eye.4

Most videokeratoscopes have the
ability to acquire one videokeratograph at
a time and allow the accumulation of a
number of images before saving to
computer memory is required. One video-
keratoscope is able to register a sequence
of several images at one-second intervals.5

Another instrument continues acquiring
topographical maps in real time and
automatically scores the measurements
according to criteria including best cen-

ORIGINAL PAPER

Applications of high-speed videokeratoscopy

D Robert Iskander PhD
Michael J Collins PhD
School of Optometry, Queensland
University of Technology, Brisbane,
Australia

High-speed videokeratoscopy is an emerging technology that has the potential to provide
new information on dynamic changes of corneal topography and tear film behaviour.
We have developed a high-speed videokeratoscope that has the ability to acquire data at
the rate of 50 Hz. Two major applications of the technology are considered in this
paper. First, the analysis of tear film stability in the inter-blink interval is evaluated and
techniques for estimating the tear film build-up and break-up times are considered.
The second application involves the study of the dynamic response of the corneal anterior
surface to mechanical forces exerted by the eyelids during horizontal eye movements
in downward gaze. The limitations and potential opportunities for the use of this new
technology are discussed.

Key words: corneal topography, eyelids, tear film, videokeratoscope

Submitted: 17 February 2005
Revised 18 April 2005
Accepted for publication: 10 May 2005

tring, focusing and least eye movements.
In this way, the best measurements are
retained.6 At present there are no commer-
cially available instruments that acquire
corneal topography in a truly continuous
dynamic manner.

As current videokeratoscopes acquire
the image of a target reflected from the
anterior sur face of the eye, video-
keratoscopic data represent the topogra-
phy of the tear film covering the corneal
surface. The tear film is constantly chang-
ing and undergoes reformation immedi-
ately after a blink, then exhibits a certain
period of stability and finally undergoes
break-up, provided the eye is left open for
a sufficiently long period.7 The first and
last phases are often termed the tear build-
up and break-up phases, respectively.

Recently, videokeratoscopes have been
used to evaluate the temporal changes of

the ocular surface. For example, Buehren
and colleagues,8 Nemeth, Erdelyi and
Csakany9 and Montes-Mico and associ-
ates10,11 measured topography of the ante-
rior cornea for several equidistant time
intervals immediately after the blink. Such
techniques provide additional information
about the behaviour of the tear film that is
unavailable when only a single measure-
ment of topography is performed. However,
they lacked the rigour of precise sampling
and did not provide answers to tear film
behaviour after a natural, unforced blink.

Nemeth and co-workers12 were among
the first who appreciated the importance
of high speed videokeratoscopy. They
adapted a commercially available video-
keratoscope to acquire corneal elevation
data at a sampling rate of 4 Hz for a pe-
riod of 15 seconds. The raw videokerato-
scopic images were stored in a computer
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memory and processed later by the instru-
ment’s commercial software. With this sys-
tem, Nemeth and co-workers12 examined
the dynamic changes in surface regularity
and surface asymmetry indices (SRI and
SAI)13 and estimated the tear film build-
up time by finding the minima of the esti-
mated trends of SRI and SAI. To examine
the tear film stability, several groups14-16

have used an approach similar to that of
Nemeth and co-workers12 but with a sam-
pling frequency of 1 Hz. They examined
the behaviour of SRI and SAI immediately
after a blink for a period of 10 seconds.
Recently, Goto and colleagues17 used
changes in topographical power maps to
estimate the tear film break-up time. They
assumed that a time at which changes in
corneal power are greater than 0.5 D cor-
responds to the time at which tear film
break-up is observed.

Another application of high-speed
videokeratoscopy deals with temporal
changes of the corneal surface itself. It has
been shown that the position of the eye-
lids can alter the corneal shape.18,19 The
changes in corneal shape can be signifi-
cant, especially after reading20 or after
wearing certain types of contact lenses.21

Buehren, Collins and Carney20 have shown
that these changes are directly related to
the force applied by the eyelids during
reading. In a following study,22 the time of
recovery of the corneal surface after read-
ing is proportional to the period of time
spent reading, this recovery process is non-
linear. To understand the process of cor-
neal recovery, it is of interest to evaluate
these changes during and immediately
after removal of the mechanical forces
acting on the cornea. This task cannot be
performed accurately with currently avail-
able videokeratoscopes.

Analysing the stability of the tear film
during an inter-blink interval or the dy-
namics of corneal recovery are not the only
functions envisaged for a high-speed
videokeratoscopic system. Continuous
measurement of corneal topography pro-
vides the opportunity to study such areas
as the dynamics of corneal aberrations,10

dynamics of ocular microfluctuations
including dynamic cyclotorsion and
dynamics of a contact lens on the eye. In

addition, high-speed videokeratoscopy
enables measurement of corneal elevation
in subjects with nystagmus and those who
are inattentive, and in infants or animals.

In this paper, we describe a new high-
speed videokeratoscopic system that we
have developed and we introduce novel
methodologies for analysing dynamic
corneal topographical data and tear film
stability. In the process, we discuss the po-
tential challenges and opportunities asso-
ciated with such measurement systems.
Two diverse applications of high speed
videokeratoscopy are considered, includ-
ing analysis of tear film stability and analy-
sis of the dynamic recovery of the corneal
surface after a short period of horizontal
eye movements.

HIGH SPEED VIDEOKERATOSCOPIC
SYSTEM

We have developed a high-speed video-
keratoscopic system that combines a
commercially available instrument, the
Medmont E300 unit (Medmont Pty Ltd,
Melbourne, Australia) with an additional
dynamic image acquisition system (Figure
1). An operator uses the first computer
that runs the Medmont Studio and E300
Viewer software to align the instrument in
a manner similar to traditional video-
keratoscopes. The second computer uses
Medmont Studio with DV2000 Digital
Imaging software to acquire dynamic
images at a rate of 50 Hz (that is, one frame
every 20 milliseconds). This sampling rate

was achieved by using the interlaced sub-
frames of a CCD camera in the E300 unit.
The computers were linked and shared
one database, so there was no need for
data transfer from one computer to the
other. The hard drive of the first compu-
ter is used as an auxiliary back-up drive.
Custom-written software processed the
dynamically acquired images into a format
recognised by the E300 Viewer software for
post-processing of corneal elevation data.

An image sequence of 300 ms includ-
ing a typical natural blink is shown in Fig-
ure 2. About 100 ms (the first six images)
corresponds to the phase in which the eye
is closing while in the remaining 200 ms
the eye is opening. In most Placido-disc
videokeratoscopes, the central or near
central ring in the digital image needs to
be clearly identified to properly calculate
corneal topography. During recording of
a blink, this condition may not always be
guaranteed. For example, for the blink in
Figure 2 the corneal topography cannot
be evaluated in frames four to 10 (that is,
seven frames, which equals 140 ms). Thus,
for each recorded blink, several samples
will be lost from the analysis (blink
removal).

As with any high-speed filming, there are
significant constraints on computer memory
and data storage capacity. In our case, each
raw grey-scale image requires about 440 KB.
Assuming that the entire computer’s RAM
is not normally available for data acquisi-
tion, one can store roughly 40 seconds of
recording for each GB of memory (RAM).

Figure 1. Equipment set-up for high-speed (50 Hz) videokeratoscopy. VC: video card, VL:
video link, DB: data base, HD: auxiliary hard drive.
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It is essential to store the acquired images
to the memory buffer rather than directly
to a file, so that instabilities in sampling (so-
called jitter) are avoided.

GENERAL ISSUES IN HIGH SPEED
VIDEOKERATOSCOPIC DATA
ANALYSIS

In previous studies,12,14-17 the analysis of
high-speed videokeratoscopic data
amounted to the analysis of multiple meas-
urements of corneal elevation taken at
equidistant time intervals. In such an ap-
proach, each videokeratoscopic image is
processed separately and no attempt is
made to correlate the resulting topo-
graphical data in a series of measurements.
This has its limitations as individual sam-
ples in the collection of measurements,
whether a sequence of corneal topogra-
phies or a series of parameters derived
from the topographical data such as SRI,
SAI or a set of Zernike polynomial coeffi-
cients, cannot be related to each other
without the assumption that the eye is sta-

tionary. In multiple videokeratoscopic
measurements, ocular microfluctuations
may need to be taken into account.23

Another important factor in both static
and dynamic videokeratoscopic measure-
ments is the level of noise. The measure-
ment of noise in static acquisition of cor-
neal topographical data has been well
documented for artificial and real corneal
surfaces,24-26 however, little has been re-
ported about the noise in dynamic data.

An instrument that is chosen for high-
speed videokeratoscopy has two important
features. First, the instrument needs an
accurate range finder to determine the
distance from the corneal apex to the
imaging device. Second, it must provide
accurate estimates of corneal surfaces that
are taken off-axis. Our recent study,27 with
the Medmont E300 unit, in which multi-
ple off-axis topographical maps have been
combined to estimate the total limbus-to-
limbus corneal elevation, shows that the
instrument can accurately account for off-
axis measurements. Given these provi-
sions, we do not expect the level of meas-

urement noise in high speed video-
keratoscopy to be vastly different from that
of a static measurement.

Tracking ocular co-ordinates
A significant issue in high-speed video-
keratoscopy is the movement of ocular co-
ordinates during the extended measure-
ment period. To estimate the variations in
the position of the eye with respect to the
instrument’s axis, one can use surface
correlation techniques23 or estimate the
limbal position in each frame of the re-
cording. The latter can be performed au-
tomatically using our recently reported
method of extracting limbal outlines from
videokeratoscopic images,28 provided that
each image covers a good portion of the
limbal outline. The extracted data corre-
sponding to the corneal limbal outline is
then fitted into a five-parameter elliptical
model (that is, centre co-ordinates, major
and minor axes, and rotation angle) using
a method of least squares.

In Figure 3, we show examples of high-
speed videokeratoscopic images for which
we automatically estimated the limbal out-
lines. Frame 1 of Figure 2 is a typical ex-
ample of an image acquired in an inter-
blink interval. For such images, the
procedure is robust and achieves similar
precision to that of a manual technique,
in which an operator chooses a set of
points on the limbus.28 The second image
in Figure 3 was taken during the blink and
corresponds to frame 11 of Figure 2. We
note that the limbal extraction procedure
as well as the instrument’s own pupil ex-
traction procedure may not necessarily
provide reliable results in such cases. This
is a typical problem in statistical image
processing where only a small part of the
elliptical outline is visible.29 It can be over-
come by using techniques in which the bias
in the ellipse estimator is removed.30 Al-
ternatively, one may choose to use a more
robust model for the limbal outline, such
as a circle. Nevertheless, the topographi-
cal data during the blink need to be ex-
cluded from the analysis, so the basic least
squares estimation of the elliptical limbal
outline seems to be sufficient in our ap-
plication. In cases where little information
about the limbal outline is available in the

Figure 2. A sequence of 16 consecutive raw images (300 ms) from the high speed video-
keratoscope during a blink
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videokeratoscopic image, using orthogonal
least squares or fitting a circle to the data
may be a more appropriate way to estimate
the limbal displacements.

In Figure 4, we show examples of the
displacements of the estimated centre of
the corneal limbus from the video-
keratoscopic axis, in the horizontal and
vertical directions for a recording in which
a subject was asked to blink and then to
suppress blinking for a period of time.
Circular and elliptic models were consid-
ered. The co-ordinates of the instrument’s
axis (estimated centre of the first ring)
were extracted from the instrument’s ex-
port data file. The data during the blink
have been removed together with a three-
frame buffer on each side of the blink. For
clarity of the plots, we have sub-sampled
the data at 10 Hz, while the original 50 Hz
data is used in the analyses. It can be noted
that the amplitudes of horizontal and ver-
tical eye movements are different.

Sudden changes in limbal displacement
may arise in the inter-blink interval due
to loss of fixation and small eye move-
ments. Note that for this particular record-
ing the differences in the estimated posi-
tion of the centres of a circular and an
elliptical model are approximately 50 µm
(approximately two pixels) in both hori-
zontal and vertical directions. Also, the
estimates of the limbal position are noisy
because it is difficult to accurately define
the limbal outline. This noise can be fil-
tered by passing the displacement data
through a low-pass digital filter.31 Alterna-
tively, one can estimate the trends to the
displacement data. Rather than choosing
a fixed order of the polynomial trend, we
decided to estimate the order of the poly-
nomial expansion by using an information
criterion. This allows data to be adequately
modelled in each inter-blink interval.

Corneal wavefront
Another aspect of high-speed video-
keratoscopic data analysis deals with cor-
neal aberrations. Topographical data are
often used to establish the corneal con-
tribution to the optics of the eye.
Corneal aberrations can be derived from
the elevation data via raytracing.4 These
aberrations are normally calculated by

Figure 3. Example of high speed videokeratoscopic images with estimated elliptical limbal
outlines in the inter-blink interval (left) and during the blink (right). Yellow and red crosses
denote the instrument axis, corresponding to the estimated centre of the first ring and the
centre of the pupil, respectively. The green dots denote the centre of the estimated limbal
outline.

Figure 5. Examples of dynamics in corneal aberrations. Defocus (left) and vertical coma
(right) evaluated at 5 mm pupil diameter. The data in the plots are sub-sampled at 10 Hz for
clarity of presentation.

Figure 4. Horizontal (left) and vertical (right) displacement of the estimated limbal centre
with respect to the instrument’s axis. The blue and red lines correspond to the circular and
elliptical model of the limbal outline, respectively. Solid black lines show the estimated
polynomial trends to the displacement data. The data in the plots are sub-sampled at 10 Hz
for clarity of presentation.
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performing a 3D ray trace along the
line-of-sight passing through the centre
of the pupil. In such a case, knowledge
of the limbal centre emphasised above
may not be necessary. However, in this
case, it is important to have good esti-
mates of the pupillary centre. In addition,
the relation between the pupillary and
limbal centres is essential, if corneal ab-
errations are to be compared to the total
aberration derived from a wavefront sen-
sor,10,32,33 for a pupil at a significantly dif-
ferent level of luminance (as the centre
of the pupil may shift). Depending on the
application, both limbal and pupillary
centres may need to be estimated in high-
speed videokeratoscopy. However, esti-
mating the centre of the pupil in video-
keratoscopy may be difficult, when the
pupillary outline is covered by the reflec-
tion of the rings of the Placido disk or
for subjects with dark irides.34 Being aware
of these limitations, we rely on the instru-

ment’s own estimator of the pupil cen-
tre.

In the continuous measurement of cor-
neal aberrations, the estimated wavefront
error can be fitted with a time-varying
Zernike polynomial expansion31

where m ≤ n, n -m= even, (ρ,θ) are the
polar co-ordinates, with normalised to
unity radial distance, cn

m  (t ) is the time-
varying Zernike coefficient associated with
Zn

m  (ρ,θ). The coefficients cn
m  (t) can be esti-

mated individually at discrete time instants
t1, t2, ... ,tT as in the case of a static meas-
urement of wavefront aberration.

In Figure 5, we show examples of cor-
neal aberrations (Zernike defocus, c0

2 (t),
and vertical coma, c3

-1 (t), terms) for the
same record that earlier we estimated the
limbal displacement. Corneal aberrations
were derived for a five-millimetre diameter

pupil with the centre situated at the esti-
mated centre of the pupil. The data for
the pupillary centre were extracted from
the instrument’s export data file. For this
particular record, we note that the defocus
term is relatively constant, exhibiting only
small variations in amplitude. In contrast,
the vertical coma term has a distinct trend.
Such a representation may be useful to
determine the tear flow in the inter-blink
interval.

In the following sections we will consider
two specific applications of high-speed
videokeratoscopy.

TEAR FILM CHARACTERISATION

Traditionally, evaluation of tear film
quality has been performed by applying
fluorescein to the eye and observing the
anterior corneal surface with a slitlamp.
However, fluorescein instillation decreases
tear film stability and may produce biased
estimates of build-up and break-up times.
Thus, non-invasive methods of tear film
characterisation are preferred. There are
several non-invasive techniques for tear
film characterisation, such as meniscom-
etry, interferometry, retro-illumination
and wavefront sensing. In recent years,
videokeratoscopy has also been used,12,14-17

where observation of the tear film behav-
iour has focused on characterising SRI and
SAI that are derived from maps of the es-
timated corneal power.13 We use the fol-
lowing non-normalised surface regularity
and asymmetry indices (without scaling
constants, see Kojima and colleagues16)
defined as

and

where NM and NR are the number of con-
sidered meridians and rings in the data,
respectively and Pi,j is the value of power in
dioptres at the i th meridian and j th ring.

For regular corneas, where there is lit-
tle astigmatism or asymmetries in the cor-

W(ρ,θ;t) = Σ Σcn
m   (t)Zn

m   (ρ,θ)
N M

n = 0 m = -M

Figure 6. Surface regularity (top) and asymmetry (bottom) indices for raw data (left) and the centred
data (right) for a recording for a subject with corneal astigmatism and less stable tear film

SAI =     2     Σ Σ (Pi,j -Pi+NM /2 , j) NM NR      
 i = 1       j = 1

NM /2 NR

SRI = ln [      1

× Σ Σ (Pi,j -0.5[Pi,j -1+Pi,j +1])]
    NM (NR -2)

NM     NR
-1

i = 1      j = 2
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neal topography, centring the data to the
common limbal reference for every frame
of the videokeratograph may not be of
great benefit. However, for less regular
corneas, such as in astigmatism or kera-
toconus, the differences in SRI and SAI
may be significant if this is not done. In
Figure 6, we show results of SRI and SAI,
where the difference between centring
and not centring the data is evident. The
results shown are for a record in which a
subject with astigmatism and with less sta-
ble tear film suppressed blinking for the
whole recording period of 20 seconds. In
particular, we note that the SAI for raw
data has a four-second period of decay
followed by a 10-seond period of relative
stability and a subsequent increase. This
particular record was acquired a few
seconds after the blink, so the initial de-
crease in the amplitude of the SAI can-
not be attributed to the tear film build-
up time.12 After centring the data, the SAI
is more stable and follows a 12-second
period of relative stability before it in-
creases. Visual inspection of the dynamic
corneal topographic maps confirms this
result.

To avoid ocular microfluctuations in the
analysis of dynamic corneal data, there are
two options. In the first, a common refer-
ence point to all dynamic data is to be
found either by correlation techniques or
by estimating the limbal centre as noted
earlier. However, this is computationally
intensive. Another way of avoiding the ef-
fects of ocular microfluctuations in the
data is to use surface descriptors that are
less dependent on the position of the
instrument’s axis.

In our recent work,35 we used an ap-
proach that combined parametric model-
ling of corneal surfaces, statistics and im-
age processing to estimate the tear film
build-up and break-up times. The aim of
parametric modelling is to decompose the
measured corneal shape into a set of indi-
vidual components. Such decompositions
are essentially two-dimensional functions
that are centred at some fixed point (ori-
gin), however like the SRI and SAI indi-
ces, they are also sensitive to the errors
induced by ocular microfluctuations. To
diminish their dependence on micro-
fluctuations, we used the root mean square
(RMS) of the residual surface error of the

extracted elevation data and its estimated
parametric model (for example, Zernike
polynomial expansion36).

One of the main observations made
when examining the behaviour of the re-
sidual surface error RMS was that centring
corneal elevation data to a common refer-
ence point to remove the effect of
microfluctuations did not significantly af-
fect its magnitude. Analysing the behav-
iour of the surface error RMS suggested
that it could be used for estimating tear
film build-up time. Similarly, as in the case
of modelling the displacement of the
limbal centre, a trend function for the
surface error RMS was suggested. In par-
ticular, a polynomial of second order in
l/t has been chosen, that is:

where the parameters  a > 0, b < 0 and c > 0
are estimated using a traditional least-
square procedure. As this particular func-
tion follows a period of decay, reaches the
minimum and then increases to the
asymptotic value of a, it is important that
it is used for full inter-blink records where

Figure 8. The estimated variance of the ring number estimator
for recording for a subject with corneal astigmatism and less stable
tear film. The thick solid line shows functional estimation of the
variance, while the vertical dotted line indicates the estimate of
the tear-film break-up time.

Figure 7. An example of surface error RMS for a recording with
three blinks. Solid thick lines indicate the estimated polynomial
(in 1/t) trends. The vertical dashed lines indicate the positions at
which the estimated trends achieve their minima.

RMS(t) = at 2+bt+c , t>0
t2
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the build-up of the tear film is occurring.
The proposed model was found to be
robust, having the ability to fit well for a
variety of surface error RMS sequences.
In Figure 7, we show an example of the
surface error RMS for a recording with
three blinks together with the estimated
polynomial trends. The position at which
each of the estimated trends achieves its
minimum was also noted (vertical dashed
lines in Figure 7). Eighth radial order
Zernike polynomial expansion was used
in this case.

The properties of the polynomial (in
1/t) trend suggest that the location of
its minimum should correspond to the
time, at which the corneal surface (or
the tear film) is sufficiently regular to
be adequately modelled with a given
Zernike polynomial expansion. This
leads to a definition of the tear film
build-up time as35

where tB is the time of the blink defined at
the first topographically resolved video-
keratoscopic image after a blink.

Unfortunately, the surface error RMS
cannot be used to estimate accurately the
tear film break-up time. There are several
reasons for this. First, it is difficult to place
an arbitrary threshold on the amplitude
of the surface error RMS, at which the tear
film is supposedly breaking up. Second,
the polynomial trend chosen to model the
build-up and relatively stable phases in-
creases asymptotically to a bounded value
of the parameter. Finally, videokerato-
scopic routines for estimating corneal sur-
faces rely heavily on the quality of the
acquired images, which significantly de-
grade during the break-up of the tear film.
Taking into account the definition of tear
film break-up time,37 it becomes clear that
it is essential to use the original ring pat-
tern images for the task of estimating tear
film break-up time.

Recently, we have proposed a simple yet

effective method for this task.35 In essence,
the method estimates the variance of the
number of rings detected radially from the
centre of the videokeratoscopic image.
The changes in this variance indicate the
instability in image quality that is directly
related to the quality of the tear film. An
example of the estimated variance of the
number of rings for the previously con-
sidered recording of a subject with astig-
matism and less stable tear film is shown
in Figure 8. We note that when the eye is
kept open for a sufficiently long period,
the ring number variance has two distinct
regions. The first region is relatively con-
stant while the second region after a
period can be estimated by a quadratic
function. The transition from the linear
trend to the quadratic trend has been used
as an estimator of the tear-film break-up
time.35

DYNAMICS OF CORNEAL
BIOMECHANICS

The corneal surface can be altered with
mechanical forces such as those from natu-
ral lid pressure19,20 or a contact lens.21,38 The
changes in the corneal surface are often
small and the regression is normally fast.
In some cases, such as reading, lid induced
forces may result in substantial changes in
corneal elevation, which significantly
change the optical properties of the eye.39

These changes are more persistent and
recovery of corneal surface may take min-
utes or hours.22

Modelling of the stress-strain response
of the corneal surface is possible in vitro 40

but is difficult for real corneas in vivo. High
speed videokeratoscopy provides the
means to quantify the dynamic changes in
the corneal surface that may occur dur-
ing and after a mechanical force is applied
to the cornea. The resulting dynamic
topographical data can be utilised for
biomechanical modelling of the corneal
surface.

To illustrate this application of high
speed videokeratoscopy, we performed an
experiment in which a subject was posi-
tioned in the instrument head rest and a
sequence of baseline dynamic topographs
was recorded over one minute. Still posi-TBLD = arg

t
min {RMS(t)} -tB

Figure 9. Temporal changes in tangential power maps of a cornea after a one-minute eye
movement task at a low gaze angle. The baseline tangential power map is an average topography
from a one-minute baseline sequence recorded before the commencement of the task.
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tioned in the head rest, the subject was
asked to perform horizontal eye move-
ments by alternating fixation (with the fel-
low eye) between two cross targets about
45 degrees below horizontal and separated
by a visual angle of about 30 degrees for a
period of one minute. Immediately after
the eye movement task, the subject was
asked to look at the instrument’s internal
fixation target and a sequence of dynamic
topographical data was again recorded for
a period of one minute. The subject was
instructed to blink naturally throughout
the experiment.

In Figure 9, we show temporal changes
(every five seconds) in the tangential
power maps for the subject after the one-
minute eye movement task in downward
gaze. The baseline tangential power map,
shown in the left top corner of Figure 10,
shows an average topography derived from
a one-minute baseline sequence recorded
before the commencement of the eye
movement task. Blinks together with three-
frame samples on each side of the blink
have not been included in the average. In
the first second of the recording, the sub-
ject was still changing gaze position (from
downward gaze to the instrument axis)
and performed several blinks. Thus, the
first topographically resolved image of the
recording (frame 68) corresponds to t =
1.34 sec. The results indicate that a sim-
ple exercise such as horizontal eye move-
ments in downward gaze can result in sig-
nificant changes to the corneal surface. In
Figure 10, we show the raw videokerato-
scopic images corresponding to the begin-
ning and the end phases of this record-
ing, together with residual height maps
taken from the estimated best aspheric
surface. The effect of the force exerted
by the lower eyelid margin on the inferior
cornea is clearly visible in these images.
As its position is within the area of the
pupil, significant optical changes are also
expected. We also note that the lower lid
force causes both vertical and horizontal
changes in corneal elevation, having the
greatest effect in the inferior central
region of the map.

Measurement of temporal changes in
corneal topography and subsequent analy-
sis of these corneal dynamics provide the

means to study the biomechanics of the
cornea in vivo. However, the extreme
changes in corneal curvature, such as the
one at the beginning of the considered se-
quence of measurements (Figure 10), have
to be viewed with caution when utilising
traditional videokeratoscopes because they
may not be designed to adequately process
data from such distorted surfaces.26

CONCLUSIONS

High-speed videokeratoscopy opens new
opportunities for studies of the anterior
eye, such as characterisation of tear film
dynamics and the analysis of corneal bio-
mechanics. Other potential applications
include subjects who are unable to focus
on the instrument’s target or have uncon-
trolled eye movements. Examples of this
application of the technology would be
subjects with nystagmus, infants or animal
research. By examining the sequence of
continuously acquired videokeratographic

images, the user could choose the map,
which shows the most appropriate align-
ment of the instrument axis and cornea.

As with any technology, high-speed
videokeratoscopy has limitations. Most
current videokeratoscopes are based on
imaging a fixed faceplate, such as the
Placido rings cone, for which high-speed
acquisition can be adapted easily. How-
ever, this would not be practical in
videokeratoscopes based on the slit scan-
ning method because of the time required
to construct a single map. Achieving dy-
namic acquisition of corneal topographi-
cal data requires much higher sampling
rates and the ability to move the scanning
slit at a much faster rate.

There are also general hardware limita-
tions of high speed videokeratoscopy that
include sampling frequency, ability to
acquire data in real time without jitter and
the size of available computer memory
(regarding both dynamic acquisition and
storage). As computer technology is grow-

Figure 10. Raw videokeratoscopic images at the beginning (left) and end (right) of the
recording after a one-minute eye movement task at a low gaze angle and the corresponding
residual heights taken from the estimated best aspheric surface.



Clinical and Experimental Optometry  88.4  July 2005

231

HS videokeratoscopy  Iskander and Collins

ing at an almost exponential rate, it is likely
that the technology of high speed video-
keratoscopy will not be limited by compu-
ter hardware in the future.
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