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ABSTRACT
Objectives: To assess the effectiveness of an eye-tracking-based test (ETBT) to measure eye deviation 
angle vs. a manual prism alternating cover test (PACT) in children with strabismus.
Design: The prospective, masked, cross-sectional study included 95 children aged 1.8 years and older. Eye 
deviation was tested twice by each of ETBT and PACT. Each subject underwent four strabismus measure-
ments, two by the ETBT and two by PACT. In each test, subjects were fixated on accommodative targets at 
50 cm, with habitual optical correction allowed. Masked examiners compared the manual PACT results 
with those of the ETBT.
Results: There was a high correlation (about 90%) between the ETBT and PACT. Repeatability of ETBT was 
higher than that of PACT (correlation coefficients of 0.99 and 0.91 respectively, p < .002). Age, strabismus 
type, and eye deviation measurement did not affect repeatability of ETBT. However, in PACT, results could 
not be correlated between the two examiners when the deviation was larger than 40 prism diopters.
Conclusions: The ETBT was effective in measuring eye deviation in children as young as 1.8 years. The 
ETBT showed higher repeatability compared to PACT.
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INTRODUCTION

Accurately measuring total ocular deviation in patients with 
strabismus is vital in clinical practice for several reasons. 
Monitoring the angle of deviation on consecutive visits allows 
clinicians to identify and quantify deterioration and can help 
inform parents/patients if strabismus surgery is warranted. 
Studies have shown that preoperative deviation is a better pre-
dictor of response to surgery than the amount of recession or 
resection of the muscles in the surgery.1,2

The prism alternating cover test (PACT) is currently con-
sidered as the gold standard for measuring strabismus; how-
ever, as a subjective test, it is affected by several factors, 
including patient cooperation and fatigue and examiner skill, 
leaving it subject to high interexaminer variability.2,3 Recently, 
a non-invasive, objective, automated eye-tracking technique 
has been developed that can precisely locate eye gaze direction 
and corneal reflexes, similar to the Hirschberg test.4 This 
method also automatically quantifies the sum of the dynamic 
and latent properties of strabismus associated with disruption 
of fusion.5 However, potential limitations to the system include 
low levels of accuracy,6 and a lack of effective features for 
precise strabismus angle evaluation.4,7

In this study, we evaluated an automated eye-tracking-based 
test (ETBT) that integrates an objective eye tracking-based 
device and a computerized cover test procedure EyeSwiftTM 

system (NovaSight Ltd., Israel). We compared its effectiveness 
and repeatability and its correlation with PACT in a group of 
Chinese subjects with strabismus. Other studies have evaluated 
this system in Israeli children.8 This study further analyzed the 
influence of age, type of strabismus and range of deviation on 
device repeatability.

METHOD

A total of 95 participants were recruited from the Eye and 
ENT Hospital of Fudan University between April 2020 
and September 2020. The institutional review board of 
Eye and ENT Hospital of Fudan University approved the 
study protocol. The study adhered to the tenets of the 
Declaration of Helsinki. The guardian of each participant 
signed informed consent. Those unable to cooperate, those 
with low vision (≤ 20/200), those with abnormal anterior 
segment configuration, and those with paralytic strabismus 
were excluded.
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Following a complete ocular and orthoptic assessment, each 
subject went through strabismus measurement four times, two 
by ETBT and two by PACT. The first manual test was used to 
determine whether the participant meets the inclusion criteria. 
The order of the subsequent tests, that is, the second manual 
test and the automated test, was randomized to eliminate any 
bias in the results, such as fatigue. Both tests were performed 
during the same visit within one hour. Subjects were fixated on 
accommodative targets at 50 cm; habitual optical correction 
was allowed. The ETBT measurements were automated; the 
PACT was conducted manually with two examiners who took 
turns to conduct the test. Each examiner was masked to the 
results of the other and to the results of ETBT.

Automated Test Procedure (ETBT)

The EyeSwift system is a system based on eye tracking 
technology, and a vector formed by the angle between the 
cornea and pupil reflections was calculated by the eye 
tracker. Each subject, with a pair of dedicated wireless 
glasses used to cover either eye. The automated test was 
similar to that of PACT, but instead of using prisms for 
evaluating the magnitude of the deviation, the device uses 
monocular targets, which are shifted to match each eye’s 
gaze position. The target that has a short animated movie, 
containing accommodative fine details, was presented. One 
eye was covered at a time, and the algorithm searched for 
a change in the fixation position of the non-covered eye 
measuring deviation and its direction, with no binocular 
viewing permitted in between the alternations. The test 
duration depends on the participant’s fixation stability, 
allowing the system to collect a sufficient amount of data 
to confirm the eye’s gaze position. Once the system calcu-
lates the gaze position of the deviation, it shifts the deviat-
ing eye monocular target towards its gaze position to the 
point where the maximal deviation is found. After moving 
the target, the process is repeated, until no eye movement 
was detected. Next, using the combination of the obtained 
distance between the two monocular targets on the monitor 
and the sitting distance, the precise amount of deviation is 
calculated using the formula: Distance between target cen-
ters/sitting distance. No verbal communication was 
required. Once the measurement was completed, numeric 
and graphic results concerning the deviation type, direction 
and magnitude were recorded. Yehezkel et al.1 have pre-
viously described the components of the EyeSwift system in 
greater detail.

Manual Examination Procedure (PACT)

A standard set of loose plastic prisms (block prisms) was used 
for PACT measurements, and individual prisms increased in 
single prism diopter (PD) increments. For horizontal devia-
tions below 40 PD, examiners did not split prisms but chose 
proper prisms; for deviations greater than 40 PD, examiners 
split the prisms between eyes equally rather than stacked 
prisms. Deviations were recorded for the values of the prisms 
that came closest to neutralizing the misalignment.

Statistical Analysis

Statistical analysis was performed using SAS software 9.4. A paired 
t-test was conducted for group comparisons. Agreement between 
ETBT and PACT, as well as repeatability of each method, was 
represented by Bland-Altman plots and by Spearman’s rank con-
cordance correlation coefficients, and when necessary, partial 
correlation analysis was employed with age and/or type of stra-
bismus as covariates. Differences between the two correlation 
coefficients were explored by u tests.9 A two-tailed p value less 
than 0.05 was considered of statistical significance.

RESULTS

A total of 95 children aged 1.8–15 years (6 ± 2.6 years) were 
enrolled, of whom 47 were male and 48 were female. There 
were 21 cases of esodeviation, 50 cases of exodeviation, 24 cases 
of orthophoria and eight cases of small-angle horizontal devia-
tion combined with small-angle vertical deviation.

In the eight cases of small-angle deviation, there were four 
cases where both ETBT and PACT succeeded in recording 
horizontal deviation in every measurement. In the remaining 
four cases, however, ETBT successfully recorded the horizon 
deviation in every measurement, whereas only one examiner 
using PACT succeeded. Similarly, the ETBT detected vertical 
deviations in all cases, whereas PACT detected vertical devia-
tions in only three cases.

There was a high positive correlation between PACT and 
ETBT (R = 0.9, p < .002, Figure 1), and Figure 2 illustrates the 
Bland-Altman plots comparing these two methods. The half- 
width of the 95% limit of agreement was ±13.85 PD and the 
mean value was 0.3 PD.

There were no significant differences in accuracy between 
the two tests. The average result of the repeated ETBT was 
16.28 ± 16.00 PD and the average PACT deviation measured by 
two examiners was 16.58 ± 16.00 PD (p = .673).

Figure 3 shows the Bland-Altman plots comparing two tests in 
the ETBT. The half-width of the 95% limit of agreement was ± 
4.78 PD and the mean value was 0.12 PD. The correlation coeffi-
cient between two tests in the ETBT was 0.99. Figure 4 shows the 
interexaminer variability of results from two examiners who con-
ducted the PACT test. The half-width of the 95% limit of agree-
ment was ± 14.1 PD and the mean value was −0.57 PD. The 
correlation coefficient between examiners in PACT test was 0.91.

Effects of three factors (age, strabismus type, and range of 
deviation) on repeatability were analyzed. Table 1 shows the 
mean ± SD and adjusted correlation coefficient for each factor, 
and found results were independent of the factor. When the 
adjusted correlation coefficient was analyzed by u tests (Table 2), 
a significantly higher repeatability of ETBT than that of PACT 
was achieved when each of the factors were assessed individually. 
For small-angle deviations < 20 PD and for deviations > 40 PD, 
ETBT showed high correlation, while PACT failed to do so.

DISCUSSION

In this study, we quantified ocular alignment in an auto-
mated method using the EyeSwift system. Our results 
showed excellent agreement of the ETBT with those of 
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PACT (R = 0.9), and no significant difference was found 
between outcomes of ETBT and PACT (p = .673). This 
suggests that the ETBT can be successfully used to mea-
sure ocular deviation without consideration for examiner 
expertise.

In this analysis, the ETBT showed profoundly higher 
measurement repeatability compared to PACT. Our results 
found a substantially lower half-width of the 95% limit of 
agreement with ETBT than PACT, and a much lower cor-
relation coefficient between examiners in the PACT test 
than with the ETBT. Because PACT measurements are 

performed manually, they are highly subjective and depend 
largely on examiner experience and proficiency and can be 
prone to measurement errors.10,11 Even the most experi-
enced eye care professionals have shown inconsistencies 
ranging from 6 to 12 PD when applying PACT.12 Other 
studies have found that the interexaminer reliability was 
about 12 PD for deviations >20 PD and about 6 PD for 
deviations <20 PD.3

In this analysis, none of the factors analyzed (age, strabis-
mus type, and range of deviation) affected repeatability of the 
ETBT, but each of them lowered repeatability of the PACT.

Figure 1. Correlation between PACT and ETBT. A strong correlation exists between the two measurements (correlation coefficient R = 0.90; p < .002). PACT: prism 
alternating cover test. ETBT: eye-tracking-based test.

Figure 2. Bland-Altman plots showing variability between PACT and ETBT. Upper and lower dotted lines show the 95% limit of agreement. The half-width of the 95% 
limit of agreement was ±13.85 PD and the mean value was 0.3 PD. PACT: prism alternating cover test. ETBT: eye-tracking-based test. PD: prism diopter.
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Our experience suggests the ETBT is more efficient when 
evaluating younger patients than PACT. In PACT, plastic 
prisms are alternately placed in the frontal plane position 
before one eye with a cover paddle occluding the other eye. 
Subjects must then be re-fixated on a static accommodative 
target with the just-uncovered eye, and for younger 
patients, this is often problematic as they have difficulty 
in concentrating on the target due to the moving cover 
paddle. Also, even in cooperative patients, a high degree 
of observational skill and experience is required to deter-
mine correctly when the examiner watches for elimination 

of refixation eye movements with gradually increasing 
prism power.13 By comparison, the ETBT presents 
a dynamic fixation target, usually a short animated movie, 
to the patient, which has an advantage of enticing younger 
patients to fixate on the movie, thereby allowing greater 
accuracy.

In this study, there was no statistically significant difference 
between repeatability of subjects in ETBT, regardless of age. 
We had expected lower repeatability of PACT on subjects 
younger than 6 years old, and while the repeatability of 
PACT tended to be lower for this age group than in the 

Figure 3. Bland-Altman plots showing variability between the repeated ETBT. Upper and lower dotted lines show the 95% limit of agreement. The half-width of the 95% 
limit of agreement was ± 4.78 PD and the mean value was 0.12 PD. ETBT: eye-tracking-based test. PD: prism diopter.

Figure 4. Bland-Altman plots showing variability of two examiners in PACT. Upper and lower dotted lines show the 95% limit of agreement. The half-width of the 95% 
limit of agreement was ± 14.1 PD and the mean value was −0.57 PD. PACT: prism alternating cover test. PD: prism diopter.
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ETBT, the differences did not reach statistical significance. We 
recommend a further analysis with a larger sample size to 
confirm our findings.

We also found that ETBT performed well, regardless of 
the strabismus type. The ETBT showed significantly higher 
repeatability than PACT in both esotropia and exotropia 
measurements. Given that variability in measurements of 
horizontal deviation may originate from fusion control 
that depends largely on the patient’s current general 
health, alertness, attention span and anxiety level,14 

employing occlusion glasses and animation targets con-
taining fine accommodative details in ETBT may contri-
bute to a steadier result. Five participants were determined 
to have small vertical deviations only when tested by 
ETBT, and three cases were detected in both the ETBT 
and PACT. To verify the validity of the ETBT, a third 
examiner (results not shown) repeated the PACT in these 
five participants and found that these cases were all dis-
sociated vertical deviation (DVD). It has been noted in 
previous studies that the measurement of DVD is 
challenging15 and that it is not possible to measure DVD 
using a prism and alternate cover test since there is no 
definitive end point.16 The automated ETBT does not have 
those same obstacles and can measure movements of the 
covered eye because its eye tracker is capable of recording 
the covered eye through the closed LCD shutter. This 
allows for the different deviations between the two eyes 
to be quantified.

We also found the ETBT to be more accurate than the 
PACT, especially for small-angle deviations < 20 PD and 
for deviations > 40 PD. In the group of small-angle devia-
tion (< 20 PD), four subjects were quantified when tested 
by ETBT, but were only quantified by one examiner of 
PACT and were judged as orthophoria by the other. This 
may reflect the difficulty in determining the magnitude of 
small-angle deviations and even in determining by PACT 
the existence of a small deviation. In our study, these four 
small-angle cases had both horizontal deviations coexist-
ing with vertical deviations. Such coexistence can interfere 
with the PACT measurement of each type of deviation: 
when observing ocular movements during covering and 
uncovering of the eyes, the examiner can miss or be 
confounded by very small movements. Although most of 
these small-angle deviations are too small to affect surgical 
planning, recognition of the presence of the deviations 

may better aid clinicians in dispensing prismatic 
correction.17 Using the ETBT to quantify tropias may 
prove to be useful in both clinical and research settings 
in cases of small-angle misalignment. When the deviation 
was larger than 40 PD, the repeatability of the ETBT was 
not affected, but with the PACT, the results from the two 
examiners were uncorrelated (p = .983). In PACT, loose 
plastic prisms for ophthalmic use were available in 
assorted powers up to 40 to 50 PD; however, for deviation 
over 40 PD, instead of using a single prism, prisms were 
split between eyes. Although loose plastic prisms are gen-
erally positioned with the posterior face of the prism in 
the coronal plane of the head to minimize measurement 
errors,18 mechanical difficulties can arise when examiners 
try to simultaneously hold separate prisms in front of each 
eye in the frontal position. Furthermore, proper position-
ing is difficult and may induce a horizontal or vertical 
prismatic error.19 Finally, loose plastic prisms would 
degrade acuity and impact fixation ability especially at 
higher angles. By comparison, the ETBT measures devia-
tions without a prism, thereby eliminating these potential 
issues.

Our present study has several limitations. There were 
a small number of over- or under-corrections measured 
with the ETBT compared to the PACT because of the 
existence of variability in measurements of the angle of 
deviation in horizontal deviations. Diagnostic occlusion 
testing should be applied to the patients before both tests. 
The limited sample size of subjects with large-angle devia-
tions may contribute to statistical error. Moreover, our 
sample size was equally small for measurements of vertical 
deviations, and the deviation was limited to a small range 
as well. We recommend and embrace a larger randomized 
prospective study that is in need to confirm these findings. 
Finally, the ETBT reported here was not designed to mea-
sure torsion, similar to PACT.

In summary, the ETBT shows excellent agreement with 
standard PACT and offers an accurate and objective method 
for automated measurements of ocular deviation. Its satisfac-
tory repeatability also facilitates clinicians to assess and diag-
nose patients with strabismus and follow their clinical course.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Table 2. Difference between PACT and ETBT in adjusted correlation coefficients by u tests.

Factors ZrPACT vs. ZrETBT p value

Age (in years)
<6 6.036 <0.001
> = 6 2.438 0.015
Direction
ESO 2.861 0.004
EXO 3.443 <0.001
Range (PD)
<20△ 4.243 <0.001
20–40 4.240 <0.001
>40 2.869 0.004

△Subjects diagnosed with orthophoria by both PACT and ETBT were excluded from this group. PACT: prism alternate cover test; ETBT: Eye-tracking-based test; PD: 
prism diopter; ESO: esotropia; EXO: exotropia; PD: prism diopter.
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