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Abstract

e AIM: To measure abducens nerve palsy patients’ visual
angle using real time video-based gaze tracking system.

e METHODS: This research was a cross-sectional
study. The subjects were taken by convenience sampling
technique in the Neuro-ophthalmology department at
Sardjito General Hospital Yogyakarta, Indonesia, and had
met the inclusion and exclusion criteria. The visual angle
measurements were performed using an eye tracker with
a computer webcam (GENICULA system/Gaze Tracking
Artificial Intelligence for Ocular Motor Palsy). The analytical
method used was the Mann-Whitney test to compare the
visual angle between the abducens nerve palsy group and
the healthy eye group. The Wilcoxon test was used to see
the significance of differences in visual angle improvement
in abducens nerve palsy patients.

e RESULTS: A total of 39 subjects participated, with a
mean age of 46.54+15.67y; 17 were male and 22 were
female. The visual angle was 20.88+3.76 in the abducens
nerve palsy group (n=39 eyes) and 23.10+2.91 in the
normal group (=39 eyes, P=0.011). The visual angle
improvement of abducens nerve palsy before and after
cured was statistically significant (P=0.039).

o CONCLUSION: The real time video-based gaze tracking
system is easy to use, efficient, and accurate. A slight
decrease in visual angle measurement can be detected
using this GENICULA system and therefore it is important for
diagnosis slight deviation in abducens nerve palsy.

o KEYWORDS: abducens nerve palsy; eye tracker; ocular
motor nerve palsy; neuro-ophthalmology; visual angle
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INTRODUCTION

he abducens nerve (cranial nerve VI) is one of the cranial
T nerves involved in the motor functions of the extraocular
muscles, alongside the oculomotor nerve (cranial nerve III)
and the trochlear nerve (cranial nerve 1V). The abducens
nerve is purely a motor nerve, lacking sensory function, and
innervates the lateral rectus muscle, facilitating ipsilateral eye
abduction'™. Abducens nerve palsy, hereafter referred to as
abducens palsy, is the most common ocular motor palsy in
adults, with an incidence of 11.3 per 100 000 individuals. In
children, it is the second most common type, following trochlear
nerve palsy, with an incidence of 2.5 cases per 100 000", In
a total cohort study, 209 patients (0.32%) were found to have
ophthalmoplegia, of which 111 patients (53.11%) had abducens
nerve palsy, 76 patients (36.36%) had oculomotor nerve palsy,
and 6 patients (2.8%) had trochlear nerve palsy'*. From 2018
to 2022, a total of 373 patients with abducens nerve palsy were
treated at Sardjito General Hospital. Microvascular ischemia
is the most frequent cause of abducens nerve palsy in adults,
although other potential causes include trauma, neoplasms, and
idiopathic origins'>.
The clinical diagnosis of strabismus involves inspection of
misalignment, ptosis, pupil abnormalities, duction, vergence,
saccadic and pursuit movements, oculocerebral maneuvers,
and qualitative and quantitative measurements of ocular
misalignment, including cover-uncover tests, alternate cover
tests, Maddox rod, Krimsky, or Hirschberg tests, performed

191 Tnitially, it is crucial to

manually by the physician
determine whether the neurological deficit is limited to the
abducens nerve or involves other cranial nerves innervating the
extraocular muscles. The diagnosis of abducens nerve palsy is
established based on clinical examination, revealing incomitant
esotropia due to the antagonistic action of the medial rectus

B3] Traditional

muscle, with an inability to perform abduction
diagnostic methods tend to be more expensive and yield more

subjective results. Consequently, Chen et al'”’ conducted a
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study on automated strabismus examination using an eye-
tracking device, resulting in objective outcomes.

An eye tracker is a method for recording eye movements
and the position of gaze. This device measures where and
how a patient’s gaze shifts when presented with specific
tasks. Eye-tracking technology is employed across various
fields, including healthcare, neuroscience, mathematics and
computer science, education and social sciences, engineering
and technology, biology and agriculture, physics and
chemistry, business and law, and environmental science.
With advancements in technology, several techniques have
been widely used to track eye movements, including electro-
oculography (EOG), infrared reflection devices (IRD), the
scleral search coil method, and video-oculography (VOG)'*'°.
Eye movement trackers currently used in the medical field
predominantly rely on VOG technology. This technique
employs a video camera to capture images, which are then
processed by a computer. VOG automatically detects eye
markers such as the pupil, corneal limbus, iris, and episcleral
blood vessels. The measurement of two-dimensional gaze
direction in VOG is based on corneal reflections and pupil

(17-18] Eye-

localization, necessitating a stable head position
tracking technology has advanced significantly, with modern
systems now capable of using webcams, making it more user-
friendly for both participants and researchers”"*>".

The present study was aimed to investigate the ability of
real time video-based gaze tracking system in detecting and
diagnosis of cranial nerve palsy affecting extraocular muscles,
making it easier, more cost-effective, and more objective.
With this gaze tracking system, it is anticipated that even mild
abducens nerve palsy can be detected.

PARTICIPANTS AND METHODS

Ethical Approval This study was approved by the Medical
and Health Research Ethics Committee, Faculty of Medicine,
Public Health and Nursing, Gadjah Mada University KE/
FK/0191/EC/2023 on 8 February 2023. Informed consent
forms were provided to all subjects prior to the start of the
examination.
Study Design This is a cross-sectional observational
analytical study design. The primary outcome was comparing
the visual angles between the abducens nerve palsy eye group
and the healthy eye group using the gaze tracking system. The
secondary outcome was comparing the visual angles between
the pre-treatment group and the post-treatment group.
Settings and Participants The population of this study
was the patients of the Neuro-Ophthalmology Clinic at
Sardjito General Hospital, Yogyakarta, Indonesia, who have
been diagnosed with abducens nerve palsy based on clinical
examination from January to December 2023. The total

subjects were 39 and taken by using convenience sampling
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Figure 1 Apparatus set-up A: Webcam camera; B: Head mounting
for head fixation and height adjustment; C: Laptop computer; D:
Laptop stand.

techniques. The inclusion criteria for the subjects were patients
who were diagnosed with unilateral abducens nerve palsy
by the neuro-ophthalmologist, aged above 17y and want to
participate in this study. The exclusion criteria were patients
with another ocular disease such as comitant strabismus,
congenital strabismus, and extraocular muscle entrapment;
patients with poor visual acuity 20/200 or less; and not
cooperative.

Apparatus and Data Measurement The GENICULA
system (Gaze Tracking Artificial Intelligence for Ocular Motor
Palsy) is a real time video-based gaze tracking program written
in phyton code using visual studio application. It has been
copyrighted from the Ministry of Law and Human Rights of
Indonesia (Copyright number: EC00202299023, December
2022). The system using a laptop with minimal resolution of
1366%768 and a frame rate of 120 Hz with additional Logitech
C922 Webcam Pro was used as the eye tracker. The subject
was using the head rest and positioned 40 centimeter in front
of the laptop (Figure 1).

The steps in the GENICULA application include calibration,
configuration, eye tracker/gazer menu, stimulus presentation.
At the beginning of the examination, system calibration was
performed by asking the subject to look at four green points (up,
down, right, and left), followed by pressing the corresponding
button according to the direction of their gaze. The basic
requirements for running GENICULA application are: opencv-
python==4.6.0.66; mediapipe==0.8.10.1; protobuf==3.20.1;
tk==0.1.0; tkcalendar==1.6.1; pandas=—1.4.3; PyYAML==6.0.
The trials started with a green dot at the center of the monitor,
then a red circle was our gaze tracker (Figure 2). The green dot
will appear in 9 positions alternately and the patient was asked
to glance at the green dot (Figure 3). The visual angle will be
calculated using the formula that was installed in the program
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Figure 2 The green dot with a red circle (red circle indicates the real

time eye movement).

Figure 3 Total 9 positions of gaze.

(Figure 4). For the right eye, the visual angle of lateral gaze
was number 6, and for the left eye was number 4 (Figure 3)*.
Data Analysis The results of the visual angle will be shown in
the GENICULA" application via Microsoft Excel. The results
were then analyzed using Microsoft Excel and IBM SPSS
Statistics 25 applications. The analytical method used was
the Mann-Whitney test to see the difference in visual angles
between the abducens nerve palsy eye group and the healthy
eye group. To see the comparison of the visual angles between
the pre-treatment group and the post-treatment group, the
Wilcoxon signed rank test was used.

RESULTS

Characteristics of Study Subjects The subjects’ characteristics
of the abducens nerve palsy patients are shown in Table 1.
Comparison the Visual Angle Between the Abducens Palsy
Group and the Healthy Eye Group The comparison of the
mean visual angle between the abducens palsy group and the
healthy eye group can be seen in Figure 5.

Comparison the Visual Angle Between the Abducens Palsy
Group Before and After Treatment The comparison of the
mean visual angle between the abducens palsy group before
and after treatment can be seen in Figure 6.

Cut-off Analysis Based on Sensitivity and Specificity Test
The cut-off value for visual angle based on sensitivity and
specificity test was 23.435 degree of visual angle (cut-off
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Figure 4 Formula of visual angle (0 is the calculated visual angle).

231

Healthy eye

30.00

20.88

Abducens palsy

25.00

20.00

15.00

10.00

Mean visual angle

5.00

0.00

Group
Figure 5 The Visual angle comparison of abducens palsy (n=39 eyes)
and healthy eye (n=39 eyes; P=0.011).
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Figure 6 The visual angle comparison of abducens pre-treatment

group (n=13) and post-treatment (n=13) group (P=0.039).

Table 1 Subject characteristics n=39 (%)
Variable Total
Age, meantSD 46.54+15.67

<40y 12 (30.77)

240y 27 (69.23)
Sex

Male 17 (43.59)

Female 22 (56.41)
Etiology

Microvascular 24 (61.54)

Tumor 6(15.38)

Trauma 6 (15.38)

Idiopathic 3(7.69)

sensitivity: 59% and specificity: 61.5%). Values below this
threshold indicate abducens nerve palsy, while values above it
is considered within the normal range (Figures 7 and 8).
DISCUSSION

The mean visual angle of the abducens palsy group was
smaller than the healthy eye group and it was statistically
significant. Additionally, the post-treatment abducens palsy
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Figure 7 Cut-off sensitivity and specificity.
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Figure 8 Receiver operating characteristic (ROC) curve with area
under the curve (AUC): 0.667 (more than 0.5).

group demonstrated a visual angle improvement compared
to the pre-treatment measurements. These results align with
expectations, as a smaller visual angle is observed in cases
of Abducens palsy. The GENICULA application was used to
objectively measure the visual angle. However, no previous
studies have established a cut-off point for the visual angle to
classify the abducens palsy diagnosis. Lim et a/*' described
a photographic method for measuring ocular maximum
versions in the nine cardinal positions of gaze. In our study,
we modified this method by measuring the visual angle
from the central point to each of the nine cardinal positions
of gaze. This approach allows us to obtain precise visual
angle measurements. Specifically, because we focused on
abducens nerve palsy, we measured position 4 for the left eye
and position 6 for the right eye, corresponding to lateral gaze
(Figure 2).

Currently, the degree of palsy is assessed using the cover-
uncover test, Krimsky test, and Maddox test. Additionally,
some clinicians use a simple grading scale, assigning scores
from -4 to 0 to +4 to classify the degree of the palsy. If an
abduction deficit was present, it was assessed on a scale from
-1 to -4 during duction and version ocular motility testing,
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following a grading method similar to the Jampolsky ranking

sCale[7,24—25]

. However, these methods rely on subjective
interpretation, leading to potential variability in results. We
hope that the use of GENICULA can reduce result variability
and subjectivity. This would enable easier and more consistent
examination of patients with abducens palsy.

In conclusion, the GENICULA real time video-based gaze
tracking program application was easy to use, efficient,
and accurate, as well as it is cheap in development. It was
shown that a slight decrease in visual angle measurement
can be detected using GENICULA. Therefore, this system is
promising for future use as objective deviation angle detection
method for ocular motor palsy.
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