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Abstract
Purpose—To describe the interobserver test-retest variability of both simultaneous prism and cover
testing (SPCT) and alternate prism and cover testing (APCT) in horizontal deviations, and to calculate
95% limits of agreement that might be used to define real change.

Design—Prospective cohort study

Methods—23 patients with sixth nerve palsy and 3 controls were independently examined by two
experienced strabismus surgeons. SPCT and APCT were performed at distance and near fixation.
Test-retest variability and agreement between tests were evaluated using Bland-Altman plots and
95% limits of agreement were calculated.

Results—For SPCT, the 95% limits of agreement half-widths were 6.3 prism diopters (pd) at
distance fixation and 6.9 pd at near. For APCT, the 95% limits of agreement half-widths were 10.2
pd at distance and 9.2 pd at near.

Conclusions—Based on 95% limits of agreement half-widths between two examiners, a change
in strabismus measurements of less than 10 pd may be due to test-retest variability. Changes of 10
pd or more are likely to represent real change and might be used as the threshold for management
decisions.

INTRODUCTION
Clinical decisions in strabismus management are made, in large part, on the basis of measuring
the magnitude of the deviation using the simultaneous prism and cover test (SPCT) for the
tropic component and the alternate prism and cover test (APCT) for the combined tropia and
phoria. Management decisions, such as whether to order neuroimaging, and surgical decisions,
such as whether to perform or defer surgery and what surgery to perform, are based partly on
whether the angle of misalignment has changed. Nevertheless there are very few data to guide
the clinician on the magnitude of change that likely represents a real change.

In order to provide data on real change in strabismus measurements we studied test-retest
variability of the simultaneous prism and cover test and the alternate prism and cover test.
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METHODS
Patients

As part of a study of photographic assessment of sixth nerve palsy and paresis,1 we enrolled
23 patients with the clinical diagnosis of 6th nerve palsy and 3 controls (two with resolved sixth
nerve palsy and one with a very small skew deviation). Controls were included to represent no
deviation or very small angle deviations, so that a large range of angles of deviation could be
studied. As reported previously, patient ages ranged from 16 to 81 years, 38% were male and
92% were white. All patients had an uncorrected visual acuity of 20/200 or better in each eye,
to allow SPCT and APCT measurements. It was felt that visual acuity worse than 20/200 would
make such measurements difficult to obtain‥

Strabismus measurements
As described previously,1 each patient was assessed independently by two fellowship-trained
strabismus specialists. The second examiner was masked to the measurements of the first
examiner and the second evaluation was made within one hour of the first evaluation. Each
examiner recorded a SPCT measurement at distance fixation in the primary position using a
20/200 fixation letter at 3 meters and at near fixation using a 20/200 equivalent letter pasted
on a tongue depressor held at 1/3 meter. This near distance was estimated by each examiner,
and not formally measured, to mimic routine clinical testing performed by most strabismus
surgeons. An APCT measurement in the primary position at 3 meters and 1/3 meter fixation
was also recorded at the same fixation distances. A standard set of loose plastic prisms was
used for all measurements. The individual prisms increased in power from 1 prism diopter (pd)
to 10 pd in single pd increments, from 10 to 20 pd in 2 pd increments, and from 20 to 50 pd in
5 pd increments. As in common clinical practice, deviations were recorded as the value of the
prism that came the closest to neutralizing the misalignment. In all deviations less than 50 pd,
the primary deviation, rather than the secondary deviation, was measured by holding prism
over the paretic eye. When the deviation exceeded 50 pd such that a single prism could not be
used, prisms were split between eyes rather than stacked. The practice of the two examiners at
the time of the current study was to leave the 50 pd prism over the paretic eye and add smaller
prisms over the fellow eye. When prisms were split, the non-paretic eye was not technically
in primary position, but there is no practical way to measure the deviation with the eye in
primary position when the deviation exceeds 50 pd except by stacking prisms, which induces
other artifacts. If prisms were split more equally between eyes, then the non-paretic eye would
be even further from the primary position, and therefore the described method was used.
Subjective methods, relying on patients responses of diplopia or no diplopia, were not used in
this study. As in common clinical practice, head position was not formally controlled by using
a bite bar or chin rest.

Analysis
For one patient, the deviation was so large that only one of the examiners felt it could be
quantified (85 pd by APCT), and since there was no corresponding pair of SPCT or APCT
measurements from the other examiner, this patient was excluded from analysis of SPCT and
APCT measurements. For one additional patient, one of the examiners recorded that angle by
SPCT as “greater than 50 pd.” A specific SPCT value was not recorded for this patient and the
patient was excluded from analysis of SPCT measurements. Therefore, we had 24 pairs of
SPCT measurements and 25 pairs of APCT measurements for analysis.

The difference between each pair of measurements (Examiner 1 – Examiner 2) was calculated
for each of the SPCT measurements (distance and near) and for each of the APCT
measurements (distance and near). The 95% limits of agreement half-widths were calculated
by multiplying the standard deviation of the differences by 1.96. The 95% limit of agreement
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is a commonly used statistic in evaluating reliability, and represents the magnitude of a change
where one would be 95% certain that the change is within test-retest variability. Bland-Altman
plots were also constructed.2 All analyses were conducted using SAS software version 9.1.3.
Intraclass correlation coefficients were also calculated. The intraclass correlation coefficient
accounts for any potential systematic difference between pairs of values, unlike a Pearson or
Spearman correlation coefficient, which do not account for such differences.

RESULTS
We have previously reported1 excellent intraclass correlation coefficients of SPCT and APCT
in these patients ranging from 0.94 to 0.96.

Bland-Altman plots for SPCT at distance and near are shown in Figure 1 and Figure 2
respectively, and for ACT at distance and near in Figure 3 and Figure 4 respectively. The
calculated 95% limits of agreement half-widths were 6.9 pd and 6.3 pd for SPCT at distance
and near fixation and 10.2 pd and 9.2 pd for APCT at distance and near fixation (Table) 95%
confidence intervals around the limits of agreement are shown in the Table.

Variability did not appear to change with magnitude of strabismus (Figure 1 to Figure 4); the
smaller misalignments had similar variability to larger misalignments.

DISCUSSION
The 95% limits of agreement half-widths for interobserver test-retest variability were
approximately 7 pd for SPCT at both distance and near fixation and approximately 10 pd for
APCT at both distance and near fixation. Given the pre-determined steps in standard prism
sets, 10 pd might be considered a practical threshold for defining real change in measurement
with 95% certainty. The next smallest prism step for moderate and large deviations is
commonly 5 pd, and this magnitude of apparent change falls well within test-retest variability.
For smaller angles, when using smaller prism steps, the value of 7 pd could be used as a
threshold for real change in SPCT.

Previous studies of test-retest variability in prism and cover tests have been limited to normal
volunteers with pure phorias. For example Johns et al3 studied 72 volunteers with phorias
ranging from 24 exophoria to 14 esophoria, and found 95% limit of agreement of ± 4 pd using
alternate prism and cover testing. An earlier study by Rainey et al4 with a smaller range of
phorias found a similar 95% limit of agreement of ± 3.6 pd. It is not surprising that we found
wider limits of agreement of up to 10 pd in a clinical population of patients with sixth nerve
palsy who had deviations of up to 65 pd.

The difference between SPCT and APCT is somewhat surprising because the SPCT is
considered somewhat more difficult to perform and quantify. Nevertheless, the APCT might
be confounded by differing periods of dissociation, revealing more or less of an underlying
phoric component. Such variability in technique might lead to greater variability in measured
deviations by APCT.

There are several limitations to our study. First, we only studied patients with a single condition,
sixth nerve palsy or paresis. Sixth nerve palsy or paresis is by definition an example of paretic
and incomitant strabismus. It is possible that test-retest variability might be less in non-paretic
or more comitant types of strabismus since head position might be less critical. Second, we
had a relatively small sample size, which resulted in fairly wide confidence intervals around
our estimated limits of agreement. Third, although we had a wide range of deviations from
zero to over 50 pd, we did not have a large amount of data for patients within subgroups of
small, medium, and large deviations, limiting our ability to detect a difference in variability in
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smaller versus larger angles. Fourth, we studied only adult patients, and the variability of
strabismus measurements in children might be expected to be greater than those in adults.

The limits of agreement were similar for each of the tests at each of distance and near fixation.
One might speculate that the absence of standardization of the testing distance for near fixation
(for example by using a tape measure), would be an additional source of measurement error,
but we did not find a marked difference between test-retest variability of SPCT and APCT
measurements at distance and near fixation. Interestingly, there was a small bias towards larger
angles by examiner 2 at near but not at distance (3 pd by SPCT and 4 pd by APCT; Figure 2
and Figure 4), which most likely reflects differences in fixation distance at near.

An additional weakness is that we did not study intra-observer test-retest variability. This might
be important since clinicians often compare their own measurements from visit to visit.
Nevertheless, it may be impossible to design a study that truly examines intra-observer test-
retest reliability, since an examiner is very likely to remember the last measurement, and is
likely to be influenced by that measurement. In addition, attempting to tape or otherwise mask
prisms or prism bar may be thwarted by familiarity of the examiners with the relative shapes
and sizes of the prisms. We believe that our present study of inter-observer test-retest variability
between two experienced strabismus specialists, closely models what might be expected
between measurements made by the same individual. An additional weakness of our study
might be that measurements were performed within one hour of each other, and we are applying
our results to measurements made weeks and months apart. To truly study interobserver test-
retest variability over weeks or months, one would have to assume that the underlying condition
had not changed, and such an assumption is unreasonable, particularly in cases of sixth nerve
palsy, where spontaneous recovery would be expected in a proportion of cases.5, 6 The use of
interobserver test-retest studies in defining real change has been accepted as a valid
methodology and has been applied to visual acuity7 and to testing of stereoacuity.8

The available steps within the prism set limits our ability to more finely quantify strabismus,
but finer gradation may give a false impression of accuracy, since intrinsic variability of testing
may be a more important factor. Finer versus coarser steps have been discussed in the context
of visual acuity testing;7 where decreasing scale coarseness had a modest effect on reducing
measurement error. Nevertheless, applying measurement error principles to discrete steps
requires choosing one step magnitude as the closest actual step that corresponds to the
calculated measurement error. In this context, using a standard prism set, we determined that
a change of 10 pd most likely represented real change.

It is of interest that variability among small deviations appears similar in magnitude to that
found when measuring larger deviations (Figure 1–Figure 4). This may reflect the difficultly
of determining the magnitude of small tropias and the difficultly of determining whether a
small deviation even exists. For example, in the present study, two patients were judged to be
orthotropic by the first examiner and judged by SPCT to have a 2 pd esotropia and 4 pd esotropia
respectively by the second examiner, while a third patient was judged to have a 4 pd esotropia
by the first examiner and judged to be orthotropic by the second examiner. It is also possible
that these small tropias might have been intermittent and truly present for one examiner and
absent for the other. Eye tracker technology applied to quantifying tropias may prove to be
useful in both clinical and research settings as a method of objectively quantifying small angle
misalignment (Leske DA et al, IOVS 2007;48:ARVO E-Abstract 900).

Based on our study, if a second prism-cover measurement of strabismus, made days or months
later, is 5 pd more or less than the last measurement, then the difference is well within test-
retest variability. A change of 10 pd from one visit to the next is likely to represent a real
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change, and 10 pd might reasonably be used as a threshold for defining improvement,
deterioration or instability of ocular misalignment.
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Figure 1.
Test-retest variability of simultaneous prism and cover test at distance fixation. Bland-Altman
plot, showing 95% limits of agreement half-widths (± 1.96 × standard deviation of the
difference) to be ± 6.3 pd. Dotted line represents the mean of test-retest differences; 0.8 pd ±
3.2 pd. There appears to be no relationship between magnitude of deviation and test-retest
variability. pd = prism diopters
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Figure 2.
Test-retest variability of simultaneous prism and cover test at near fixation. Bland-Altman plot,
showing 95% limits of agreement half-widths (± 1.96 × standard deviation of the difference)
to be ± 6.9 pd. Dotted line represents the mean of test-retest differences; −3.0 pd ± 3.5 pd.
There appears to be no relationship between magnitude of deviation and test-retest variability.
pd = prism diopters
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Figure 3.
Test-retest variability of alternate prism and cover test at distance fixation. Bland-Altman plot,
showing 95% limits of agreement half-widths (± 1.96 × standard deviation of the difference)
to be ± 10.2 pd. Dotted line represents the mean of test-retest differences; 0.2 pd ± 5.2 pd.
There appears to be no relationship between magnitude of deviation and test-retest variability.
pd = prism diopters
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Figure 4.
Test-retest variability of alternate prism and cover test at near fixation. Bland-Altman plot,
showing 95% limits of agreement half-widths (± 1.96 × standard deviation of the difference)
to be ± 9.2 pd. Dotted line represents the mean of test-retest differences; −3.9 pd ± 4.7 pd.
There appears to be no relationship between magnitude of deviation and test-retest variability.
pd = prism diopters
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Table
95% Limits of Agreement for Measures of Strabismus

Type of measurement 95% limits of agreement half-widths
(prism diopters)

95% CI on limits of agreement (prism
diopters)

Simultaneous prism and cover test at distance fixation ± 6.3 ± 3.7
Simultaneous prism and cover test at near fixation ± 6.9 ± 3.3
Alternate prism and cover test at distance fixation ± 10.2 ± 2.3
Alternate prism and cover test at near fixation ± 9.2 ± 2.5
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