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External Factors Affecting Data Acquisition During

Corneal Topography Examination

José Manuel Gonzélez-Méijome, 0.D., F1A.CLE., Antonio Queirds, 0.D.,
Jorge Jorge, 0.D., Paulo Fernandes, 0.D., Alejandro Cervifio, 0.D., M.C.Optom.,

and José Borges de Almeida, ph.D.

Purpose. To analyze the factors affecting data acquisition during
corneal topography examination with the Medmont E-300 videokera-
toscope and to provide strategies to minimize their effects. Methods.
Sixty eyes from thirty young adults were examined. A second ob-
server registered incidences with the potential to affect data acquisi-
tion. Those factors were correlated with the difficulty of measure-
ments as judged subjectively by the practitioner who performed the
examination. Measurements of axial curvature were analyzed to
evaluate the variability expressed as intrasession and intersession
coefficient of variation and the standard error of the mean (SEM).
Results. The level of difficulty rated by the practitioner was in general
low, with 70% of the eyes being easy or very easy to measure. For the
remaining 30% of the eyes, corneal topography measurements were
considered to be difficult (27%) or very difficult (3%). Of the external
parameters investigated, only fixation instability (P<<0.001, x*) and
the need for head repositioning (P=0.024, x?) were associated sig-
nificantly with a higher level of difficulty, as rated subjectively by the
practitioner. Further analysis showed that some external factors,
including those previously mentioned and others related to tear insta-
bility, affect the variability of measurements at certain corneal loca-
tions, particularly in the vertical meridian when related to tear insta-
bility and in the horizontal meridian when related to the need for head
repositioning on the chin rest owing to physiognomy interferences
with the keratoscope cone. Intersession SEM improved when three
readings from each session were considered. Conclusions. The level
of subjective difficulty found during videokeratoscopy examination is
correlated strongly with fixation instability and the need for head
reorientation in the chin rest, whereas tear-related events seem to be
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less relevant in the practitioner perception of test ease or difficulty.
Those factors have relevance in measurement variability.

Key Words: Corneal topography acquisition—Fixation instability—
Medmont E-300—Repeatability—Tear instability.

Repeatability of corneal topography is important in current clinical
practice for detecting and evaluating the progression of ectatic corneal
conditions'; for contact lens fitting>3; for assessing the morphometric
changes induced by rigid and soft contact lenses*>; for following up
changes in corneal curvature, refraction, or elevation in corneal
refractive therapies, such as refractive surgery or reverse-geometry
contact lens fitting for myopia and hyperopia®’; and for evaluating
corneal topography after other surgical procedures, such as penetrat-
ing keratoplasty,® particularly when contact lens fitting is needed after
surgery.”

With the increasing importance of corneal first surface
aberrations!®-!! and tear-induced aberrations during blinking!>!3 in
current vision research, the standards of precision for modern
videokeratoscopes have increased as the success of corneal topog-
raphy-based strategies to improve vision rely entirely on the
accuracy and precision of such estimations. However, the higher
the sensitivity of the instrument is, the higher the errors that are
expected as a consequence of minimal external influences, such as
blinking, tear film instability, and buildup after blinking.!2-'¢

Clinicians are aware of the difficulties experienced when trying to
take information from corneal topography. When assessing healthy
corneas, fixation instability, facial interferences that limit the focus
and centration, and tear instability are the main patient-related factors
that could adversely affect such an examination. However, the actual
role of such factors is not fully known. Of remarkable importance is
the influence of tear properties, because they have been shown to
affect the aberration structure of the anterior corneal surface when
obtained from topographic data and particularly in dry eyes.!”

Current videokeratoscopes can also be used to estimate tear properties,
such as tear stability.'$!° New developments on high-speed videokera-
toscopy are promissory on limiting the intervention of tear factors on
videokeratoscopic assessments.2? Also, such approaches have been used
to assess tear film buildup immediately after blinking.?! Therefore,
although videokeratoscopy can be useful for the assessment of the tear
film, quantitative measurements obtained with these instruments
could also be affected adversely by these and other factors that affect
the stability of the smooth front corneal surface needed to obtain a
reliable measurement.
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Changes in head position or fixation instability are also a matter
of concern, particularly because Mandell et al.?? found important
changes in corneal topographic patterns and curvature data with
changes in instrument centration.

With this purpose, this study was carried out evaluate which
external factors can affect the level of difficulty when performing
videokeratoscopy and in the future to evaluate the impact of such
factors on data precision.

MATERIALS AND METHODS

Subjects

Sixty eyes from thirty young adults (nine men and 21 women),
with a mean age of 21 * 2.46 years, were examined with the
Medmont E-300 Corneal Topographer (Medmont Pty., Ltd.,
Melbourne, Australia). Exclusion criteria were as follows: known
ocular disease, irritation, tear abnormalities, previous surgery,
ocular medication use, ocular inflammation, and ocular infection.
After the goal and methodology of the study were explained,
informed consent was obtained from each subject.

Instrumentation

The Medmont E-300 Corneal Topographer was used to collect
topographic data. This instrument has an innovative system of
rapid continuous image acquisition, which allows the practitioner
to record a set of four images automatically. The Medmont E-300
provides a rating value to guide the clinician regarding the quality
of the image that has just been taken. In this study, measurements
were made until image scores greater than 98 were obtained. This
system has been shown to improve image acquisition because only
accurately centered and correctly focused images are used, result-
ing in a high level of accuracy and precision performance.®23 The
ease or difficulty of measurements is related to the presence of
external factors as discussed later.

Data Collection

This study was focused on the analysis of the events surround-
ing data acquisition that could adversely affect data precision. Data
of axial curvature in diopters (D) was obtained at the corneal
center and at 1.5 and 3.5 mm from the corneal center in the 0°, 90°,
180°, and 270° semimeridians of each repeated examination (three
separate examinations on three different days per eye).

External Factors

Although all measurements were taken by the same observer
(J.M.G.-M.), a second observer (A.Q.) registered incidences that
could potentially affect measurements according to a predefined
protocol, as explained later. These events were related to the
following: the need to relocate the head in the chin rest to allow
proper focusing and centering of the cornea; the lack of fixation or
fixation instability; tear instability; and lipid layer dynamics on
blinking as seen through the videokeratoscope. Additionally, over-
all subjective difficulty as reported by the operator was also
recorded. Simple classifications were made, as described later.

Physiognomy interferences were registered as yes or no, de-
pending on the need to relocate or reorient the patient’s head on the
chin rest to avoid upper orbital or nose interference during the
centering and focusing processes, respectively. Problems with
shadows, usually present with larger keratoscopic rings, were not
a problem with this instrument.
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Fixation stability was recorded as stable or not stable, depending
on the ease for centering and focusing in a few seconds or whether
it was more time-consuming and difficult to obtain, because of the
subject’s inability to keep stable fixation.

Tear stability was recorded as fairly stable, moderately unstable, or
severely unstable, according to the absence of irregularities during the
measuring procedure, the presence of observable dry spots within 5 to
10 seconds of blinking as areas of irregular keratoscopic projection
(Fig. 1A), or the presence of dry spots or more extensive areas within
the first 5 seconds of blinking, respectively.

Tear pattern after blinking was recorded as not observable, wave, or
fluid amorphous (Fig. 1). The pictures shown correspond to a differ-
ent videokeratoscopy system, but they are included because they
reflect more clearly the criteria used to classify tear pattern.

Overall difficulty was established as a four-level classification
for the practitioner to rate the ease of the measuring process
subjectively as very easy, easy, difficult, or very difficult.

Statistical Analysis

Data were analyzed by using the statistical package SPSS
version12.0 (SPSS, Inc., Chicago, IL). Descriptive statistics were
produced regarding the frequency of each event quoted earlier. The
association between external factors and difficulty of measurement
was assessed with the chi-square test, used to evaluate differences
in the frequency of nominal variables. The level of statistical
significance was set at w = 0.05.

To evaluate the impact of external factors on the variability of
topographic data, the coefficient of variation (COV) for axial and
tangential curvature, as a percentage of the SD related to the mean
value of three repeated measurements taken at the same session
(intrasession %COV) and three measurements taken on three
different days (intersession %COV).

Also, the standard error of the mean (SEM) for axial curvature
was calculated for intersession data as the square root of the SD
divided by the number of measurements taken within the same
session (intrasession SEM) or among the three sessions (interses-
sion SEM).

Correlations of %COV and SEM with external factors that
could potentially affect instrument repeatability were assessed by
nonparametric correlation by using the Spearman rho coefficient.

RESULTS

Descriptive statistics for axial and tangential apical curvature
and the intrasession and intersession COV are shown in Table 1.

Factors Affecting Measurement Level of Difficulty

The level of difficulty rated by the practitioner was in general
low, with 70% of the eyes being easy or very easy to measure. For
the remaining 30% of the eyes, corneal topography measurements
were considered to be difficult or very difficult, with only 3%
being very difficult to perform (Fig. 2A).

The number of events encountered during each measurement
session are shown in Figure 2B—E. Of the external parameters that
could potentially affect the difficulty of measurement, only fixa-
tion instability (P<<0.001, x?) and the need for head repositioning
(P=0.024, x*) were associated with a higher level of difficulty, as
rated subjectively by the practitioner (Fig. 3). Correlation analysis
confirmed these findings (Spearman p = 0.574, P<<0.001; and
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FIG.1. Examples of tear instability ob-
served through the videokeratoscope
camera as central and paracentral dis-
tortion (A) or paracentral and peripheral
distortion (B) and dynamic tear patterns
usually observed with videokerato-
scopy during centered and focusing
procedure showing a wave pattern (C)
and a fluid amorphous pattern (D).

Spearman p = —-0.386, P=0.002 for fixation stability and head
repositioning, respectively).

Twelve of 20 eyes that showed unstable fixation were rated as
being difficult of very difficult to measure. However, within the
group of 26 eyes for which head repositioning in the chin rest was
needed, 12 were rated as being difficult or very difficult to
measure, whereas another 14 were rated as being easy or very easy
to measure. The distinction was clearer when repositioning was not
needed, as 28 of 34 eyes were rated as being easy or very easy to
measure.

This means that unstable fixation and head repositioning in the
chin rest were major factors affecting the practitioner’s apprecia-
tion of the difficulty to perform corneal topography with this
instrument. Conversely, other factors, such as laterality (left vs.
right eye) (P=1, x?), observable tear pattern while focusing
(P=0.352, x*), and even tear instability (P=0.114, x*) were not
shown to play an important role on subjective difficulty ratings.

TABLE 1. Descriptive Statistics for Axial and Tangential Apical
Curvature and Their Respective Intrasession and Intersession
Coefficients of Variation

Axial curvature Tangential curvature

Intrasession Intersession Intrasession Intersession
Mean (D) 43.3 43.3 43.35 43.33
SD (D) 0.16 0.20 0.15 0.18
COV (%) 0.37 0.47 0.35 0.42
SD (%) 0.26 0.30 0.34 0.27

SD, standard deviation; COV coefficient of variation.

Factors Affecting Topographic Data Variability
(% COV)

Only the axial intrasession %COV showed a significant corre-
lation with the level of difficulty to perform the measurements
(Spearman p = —0.266, P=0.04). Tangential intrasession %COV
also approached significance when correlated with the level of
difficulty rated by the practitioner (Spearman o = -0.570,
P=0.058). Therefore, only SEM values for axial curvature were
evaluated.

Factors Affecting Topographic Data Variability (SEM)

The four external factors under evaluation affected SEM values,
but they did so in a different way.

Tear pattern showed a significant correlation with intrasession
SEM, particularly for superior and inferior corneal locations at
sessions 2 and 3 (Spearman p = 0.313, P=0.032 for the most
superior location at session 2; and Spearman p = 0.351, P=0.007
for the most inferior location at session 3). Significant correlations
with intersession SEM were also found at the temporal quadrant
(Spearman p = 0.350, P=0.007). This means that the more fluid
the tear film, the higher the intrasession and intersession SEM can
be at certain measurement sessions.

Tear stability (Non-invasive tear break-up time, NITBUT) also
showed significant correlations with intrasession SEM values,
predominantly for vertical locations (Spearman p = -0.353,
P=0.006 for superior and mid peripheral location; Spearman p =
—0.303, P=0.019 for inferior and mid peripheral location; and
Spearman p = —0.364, P=0.005 for inferior peripheral location),
but also for nasal and temporal quadrants (Spearman p = —0.366,
P=0.004; and Spearman p = —0.332, P=0.009 for mid peripheral
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nasal and temporal locations, respectively). In clinical terms, these
negative correlations mean that the less stable the tear film is, the
higher the intrasession SEM.

Fixation ability seems to play a similar role for intrasession and
intersession variability. However, as expected from previous re-
sults, the need to relocate the head in the chin rest between
subsequent examinations in the same day or on different days is
the factor that most significantly affected SEM. A defined corneal
area is not affected by these factors, but again, the vertical
meridian, and particularly the superior area, seems to be particu-
larly affected by fixation and repositioning interactions. However,
there is one exception, as intersession SEM only depends on the
need to relocate the head, for the horizontal meridian.

As a result, overall difficulty level as rated by the practitioner was
correlated significantly with several intrasession SEM, particularly at
session 2 in the temporal and superior quadrants (Spearman p =
—-0.311, P=0.016; and Spearman p = —0.356, P=0.005, respec-
tively), and with one intersession SEM in the temporal quadrant
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Very Easy

(Spearman p = —0.278, P=0.031). This means that the more difficult
the measurement is, the higher the SEM value.

Figure 4 shows an analysis of the SEM for intrasession and
intersession variability. Intrasession SEM averaged 0.062 D for all
positions analyzed, with a maximum for the central and the most
peripheral superior locations (Fig. 4A). Intersession SEM averaged
0.076 D when a single measurement from each session was
considered and reduced to 0.057 D when the average of three
readings was considered for each session. Again, central and
peripheral superior readings were the most significantly affected
by measurement variability, but they were also those with the most
benefit, considering the average of three readings from each
session, reducing their SEM indices by 30%.

DISCUSSION

Among the factors that can potentially affect topographic mea-
surement performance, only the need for head repositioning on the
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chin rest and fixation instability were shown to play an important
role on subjective difficulty, as rated by the practitioner. Other
tear-related aspects do not seem to affect the subjective difficulty
for taking measurements. This could be explained because tear
instability—related problems, if not severe, are easily avoidable by
having the practitioner instruct the patient to blink again. In
addition, the continuous image acquisition of the Medmont E-300
played an important role in this aspect.

Despite the trend toward higher variability expressed by SEM
values in the case of wave tear pattern and poorer tear stability
(regular ring projection inferior to 10 seconds), the authors were
not able to find a correlation between both parameters. Although
not statistically significant in most cases, descriptive cross tabula-
tions showed that 28 of 43 eyes with tear instability had a wave
pattern during topographic examination. However, 17 cases in
which the tear film was considered stable did not follow a consis-
tent pattern and were evenly distributed as having not observable,
flow, or wavy patterns of the tear film lipid layer. Although
previous studies have shown that a thicker lipid layer could be
associated with higher tear film stability,>*2> the authors cannot
derive conclusions regarding this issue based on the current results
because the videokeratographic observation of the lipid layer is not
reliable enough to accurately differentiate lipid layer patterns.
Furthermore, the tear pattern was not measured with an appropriate
method such as the Tearscope (Keeler Ltd, United Kingdom), but

Stable Not rectified Rectified

Chi-square test (p<0.024,7°)

only with videokeratoscopy to see the tear dynamics while focus-
ing ring reflections.

Despite the differences detected among sessions for axial cur-
vature, these differences are not clinically significant because they
rarely exceed 0.1 D. The standards of precision and accuracy for
videokeratoscopy have evolved since the early instruments.
Younes et al.>¢ considered a variability of 0.375 D as the limit to
consider differences to be clinically significant. These results show
the higher precision of modern videokeratoscopes regarding the
constancy of curvature measurements.>” They are even signifi-
cantly better than those obtained by Buehren et al.'# centrally and
peripherally for instantaneous power maps. Repeatability of topo-
graphic readings are particularly important when aberrometric data
are to be obtained, because tear dynamics have been shown to have
an important impact on corneal aberrations, even on healthy
eyes,'>13-28 and Medmont E-300 can achieve that precision®23
with minimal interference of external factors such as those ana-
lyzed in this study.

In this study, head repositioning on the chin rest was the main
factor affecting variability, followed by fixation instability and, at
a lower rate, tear dynamic behavior. Higher variability was found
at the center and most superior and inferior locations and what
could be related to lid interferences, eyelash shadows, particularly
at the upper positions. Missing data at those positions were also a
sign of the difficulty of those measurements. Modern videokera-
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FIG. 4. Intrasession (A) and intersession (B) standard error of the

mean (SEM). Intrasesssion report results from the three sessions.
Intersession SEM represents values computed from the first mea-
surement of each session (light gray) and from the average values of
the tree measurements taken at each session (dark gray). Error bars
represent one SD of the SEM calculations.

toscopy, using smaller ring patterns, avoid nasal interference
usually experienced by early instruments, but it is of clinical
knowledge that the lower and upper eyelids continue to adversely
affect measurements, inducing some limitation when the extreme
superior cornea is to be analyzed.

This was the first study considering in vivo videokeratographic
difficulties found by practitioners when performing videokerato-
graphic measurements and the potential influence of external
factors on such difficulty ratings. However, tear instability, as
defined as observable tear breakup immediately after blinking or
within the following 5 seconds, has an effect on the lack of
consistency of the measurements, particularly at the most periph-
eral superior location. These are important concerns, because head
reorientation was needed in 43% of the eyes because of facial
physiognomy interferences in performing the test. Also, severe
tear instability (i.e., observable tear breakup within 5 seconds of
blinking) was present in 17% of the eyes, and moderate tear
instability (i.e., observable tear breakup within 5 to 10 seconds of
blinking) was present in 55% of the population.

Although this study failed to find a consistent behavior for data
variability with different external factors affecting the difficulty of
the topographic capture, it has found some interesting trends that
must be addressed. One of these trends is the preference for tear
parameters to affect the variability of topographic readings more
so in the superior and inferior cornea. This is supported by the
higher prevalence of tear instability and frequency of dryness
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occurrence near the palpebral tear meniscus.?® That tear factors
mainly affect intrasession variability is also of clinical interest.

The higher interference of head reorientation on subsequent data
acquisition in the nasal and temporal quadrants was expected,
because in such cases, the patient is asked to slightly rotate his or
her head to avoid the keratoscopic projection cone’s hitting the
superior orbital rim and nasal bone. This could induce slight
misalignments between the optical system of the keratoscope and
the corneal surface between subsequent measurements and thus
induce an increase in SEM values. Changes in alignment between
the videokeratoscope and corneal surface has been shown to
change significantly the peripheral curvature of the cornea.??

The issues addressed in this study suggest that several factors
that are relatively common during topographic data acquisition can
affect the variability of consecutive readings taken within the same
session. Although the errors induced could be below the limit of
clinical significance, new applications using corneal topography
could be significantly affected, such as aberration calculation from
corneal topography. Further work should be done to investigate
how these facts affect the repeatability and accuracy of axial,
tangential, and elevation parameters with modern corneal topog-
raphers, at central and peripheral locations separately. This work is
currently under development by the authors.
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