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A novel wearable device for the quantitative assessment of eye movement in Ocular Myasthenia
Gravis (OMG): an exploratory engineering feasibility study
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Abstract

Ocular Myasthenia Gravis (OMG) is an autoimmune disorder characterized by fatigable
weakness of the extraocular muscles. We conducted a non-clinical, exploratory engineering
feasibility study to evaluate a low-cost, wearable eye-tracking device (“OMG-glasses”) for
quantitative characterization of ocular motility in OMG. To our knowledge, no wearable eye-
tracking system has been specifically developed for OMG. Sixteen participants (eight clinically
diagnosed OMG patients and eight healthy controls) performed a standardized gaze task while
eye movements were recorded using a spectacle-mounted infrared camera. Custom software
extracted trajectory-based ocular motility metrics. Compared with controls, OMG patients
demonstrated significantly reduced horizontal (H) and vertical (V) gaze range and total path
length, with vertical gaze being disproportionately reduced relative to horizontal gaze. The
combination of a significant non—duration-normalized H:V ratio with a non-significant duration-
normalized H:V ratio between the OMG and control groups indicated that this pattern itself may
serve as an indicator of ocular motility deficit, rather than fatigue acting merely as a confounding
factor. This pilot study has important limitations, including small sample size, unilateral
assessment, and approximate calibration, and did not evaluate diagnostic accuracy. These
findings demonstrate proof-of-concept differentiation of ocular motility patterns between known
OMG patients and healthy controls and support further validation in larger, controlled studies.
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1. Introduction

1.1. Myasthenia Gravis

Myasthenia Gravis (MG) is an autoimmune
neuromuscular  disorder characterized by
fluctuating weakness of skeletal muscles that
worsens with activity and improves with rest
(1,2). The disease results from antibodies
targeting components of the neuromuscular
junction, most commonly acetylcholine
receptors (AChR), leading to impaired
neuromuscular transmission (2,3).

MG affects ~ 150-200 per million people
worldwide, with a bimodal age distribution
showing peaks in young adult women and in
older men (1,4). Symptoms typically include
ptosis (drooping eyelids), diplopia (double
vision), facial weakness, difficulty in
swallowing, and limb weakness. The hallmark
feature is  fatigability—muscle  strength
deteriorates with sustained or repeated use and
recovers with rest (1,5).

The disease can remain localized to the ocular
muscles (ocular MG) or progress to involve
other muscle groups (generalized MG). ~ 50-
60% of patients presenting with ocular
symptoms progress to generalized disease
within the first two years (4,6). Severe cases can
lead to myasthenic crisis, a life-threatening

condition involving respiratory = muscle
weakness requiring mechanical ventilation
(7,8).

1.2. Ocular Myasthenia Gravis

Ocular Myasthenia Gravis (OMG) is a subtype
where symptoms remain confined to the
levator  palpebrae

extraocular  muscles,
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superioris, and orbicularis oculi (1,2,5). The
primary manifestations are ptosis and diplopia,
which characteristically fluctuate throughout the
day, typically worsening in the evening or with
prolonged visual tasks (1,3).

The extraocular muscles are particularly
susceptible to myasthenic weakness due to their
unique physiological properties: they have a
high firing frequency, lack the ability to recruit
additional motor units, and contain a higher
proportion of fast-twitch fibers (9). These
characteristics make them vulnerable to fatigue
from impaired neuromuscular transmission.

OMG represents ~ 15-20% of all MG cases at
presentation (1,6). While some patients remain
purely ocular, the majority progress to
generalized disease. Early identification is
clinically important as treatment can potentially
slow or prevent this progression (6,10). The
variable and fluctuating nature of symptoms,
combined with the possibility of seronegative
disease, makes OMG particularly challenging to
diagnose (3,11).

1.3. Current methods for assessing OMG
Current assessment of OMG relies on clinical
examination,  serological  testing,  and
electrodiagnostic studies, each with significant
limitations (12). Clinical assessment involves
evaluating ptosis, diplopia, and eye movement
range, but is inherently subjective and lacks
standardized quantification (13,14). The ice
pack test, where cooling temporarily improves
symptoms, is useful but is not specific to MG
(15,16).

Serological testing for anti-AchR antibodies is
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highly specific but has limited sensitivity in
OMG, with ~ 50% of ocular-only patients being
seronegative (11,17). Anti-MuSK and anti-
LRP4 antibodies are found in some seronegative
patients, but a significant proportion remain
without detectable antibodies (11).
Electrodiagnostic studies, including Repetitive
Nerve Stimulation (RNS) and Single-Fiber
ElectroMyoGraphy (SFEMG), can detect
neuromuscular transmission defects (18,19).
However, RNS has poor sensitivity in mild or
purely ocular disease (30-50%), while SFEMG,

Unilateral ptosis in ocular myasthenia gravis

Figure 1. Unilateral ptosis in OMG

1.4. The critical challenge of early
characterization

The early and accurate characterization of OMG
presents a considerable challenge for clinicians
(1,3). The fluctuating nature of ptosis and
diplopia is a primary complicating factor. A
patient may report significant double vision in
the evenings, but their eye movements may
appear entirely normal during a morning
appointment. This can lead to the symptoms
being dismissed or attributed to other causes,
such as simple fatigue or refractive errors.

Furthermore, the initial stages of OMG can be
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though more sensitive (80-90%), is technically
demanding, uncomfortable, and not universally
available (20-23).

These limitations create diagnostic delays
averaging 1-2 years from symptom onset (3).
The lack of objective, and
accessible methods for assessing ocular motility
deficits in OMG represents an unmet clinical
need that motivated the development of the
OMG-glasses as a potential characterization
tool.

quantitative,

ptosis in ocular myasthenia

Figure 2. Bilateral ptosis in OMG

subtle.
neurological or ophthalmological conditions.
The diagnostic process often
combination of clinical evaluation and specific
tests. A simple in-clinic test, called the ice pack
test, can be indicative (15,16). Placing an ice

They can be mistaken for other

involves a

pack on a drooping eyelid for a few minutes can
temporarily improve the ptosis, as cooling
improves neuromuscular transmission (16,19).
However, this test is not definitive. More
specific diagnostic methods include blood tests
to detect the presence of anti-AChR antibodies
(11,17). While a positive test is highly specific
for MG, about 50% of patients with purely
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ocular symptoms may not have these detectable
antibodies in their blood (4,17). This condition
is referred to as seronegative OMG. It makes a
blood-based diagnosis challenging for this
subset of patients.

Another characterization tool is
electrodiagnostic, such as RNS (20,21). This test
assesses for a decline in muscle response with
repeated electrical stimuli. However, in early or
mild OMG, the RNS test may not be sensitive
enough to detect abnormalities (20,21). These
diagnostic ambiguities can lead to significant
delays in confirming the condition (3,19).

1.5. The risk of progression to Myasthenic
crisis

The importance of early characterization is
underscored by the natural course of the disease.
OMG is not merely a condition affecting vision;
it is often the precursor to a more severe,
generalised form of the disease. It is estimated
that ~ 60% of patients who initially present with
only ocular symptoms will progress to
Generalised Myasthenia Gravis (GMG) (4,6).
This progression typically occurs within the first
one to two years after the onset of symptoms.

In GMQG, the muscle weakness spreads beyond
the eyes. It can affect the bulbar muscles
(muscles of the mouth and throat), limb
muscles, and, most critically, the respiratory
muscles. Weakness in the bulbar muscles can
difficulty
(dysphagia), and speaking (dysarthria). Limb
weakness can make it difficult to perform daily
activities such as climbing stairs, lifting objects,
or even combing one's hair. The most severe
complication of Myasthenia Gravis is the

cause in chewing, swallowing
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myasthenic crisis (7,8). This is a life-threatening
medical emergency. It occurs when the muscles
that control breathing, primarily the diaphragm
and intercostal muscles, become too weak to
maintain adequate ventilation. The patient
experiences respiratory distress and may require
mechanical ventilation to support their
breathing. A myasthenic crisis can be triggered
by infections, surgery, or other stressors (7,8).
Prompt recognition and intervention are vital to
respiratory ~ failure. = Therefore,
diagnosing the condition in its initial ocular
stage is of paramount importance. Early
treatment can potentially reduce the risk or
severity of generalisation and prevent life-
threatening crises.

prevent

1.6. A new paradigm: quantifying ocular
motility for characterization

Given the limitations of current diagnostic
methods for early-stage OMG, there is an unmet
need for a more objective and sensitive tool (24-
26). The restricted and fatigued movement of
the eyes in OMG provides a potential biomarker
that has not been fully exploited. While
eye movements, this
assessment is largely subjective and qualitative.
A quantitative approach, which measures the
precise range and characteristics of eye motion,
could provide a more reliable diagnostic
indicator (12,13,27).

clinicians observe

The hypothesis of this research is that the
trajectory of eye movement can be numerically
analyzed (25,28). This analysis can reveal
patterns that are distinct in OMG patients
compared to healthy individuals. Healthy
individuals can typically move their eyes
smoothly to their full rotational extent (14,29).
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In contrast, patients with OMG are expected to
exhibit a restricted range of motion (5,13). Their
eye movements may also be saccadic (jerky) or
show a progressive decline in range during
sustained tasks. By capturing these subtle
differences, a quantitative method could detect
the disease in its early stages (10,30). This
would be particularly valuable for seronegative
patients  or those  with

electrodiagnostic results (11,18,22).

in ambiguous

1.7. The OMG-glasses: a wearable solution

To address this diagnostic gap, we have
developed a novel, low-cost, wearable device
named "OMG-glasses". The device is designed
as a non-invasive tool for ocular motility
characterization. It is built upon a standard
spectacle chassis, making it familiar and easy
for patients to wear. The core of the device is an
inward-facing infrared (IR) camera. This
camera is mounted on the frame and positioned
to continuously record the movements of the
user's eye.

The camera is a compact 8-megapixel module
equipped with infrared illuminators. This allows
for clear imaging of the pupil even in varying
ambient light conditions. The camera is
connected to an ESP32 S3 microcontroller, a
small but powerful chip with built-in Wi-Fi
capabilities. The microcontroller processes the
camera feed and wirelessly transmits the video
stream to a nearby laptop or computer. This
allows for real-time monitoring and recording of
the patient's eye movements during a structured
examination. The recorded video can then be
subjected to computational analysis to extract
quantitative data.
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The OMG-glasses are designed to be a practical
tool for the clinical setting. They offer a method
to capture objective data on ocular motility that
is easy to administer and repeatable. The device
can track the progression of the disease over
time and assess the response to treatment.

1.8. Objectives of the study

The primary aim of this non-clinical engineering
feasibility study was to design, build, and
conduct a proof-of-concept evaluation of
whether the OMG-glasses could detect
differences in ocular motility patterns between
known OMG patients and healthy controls. This
study did not evaluate diagnostic ability.

Specific objectives were: [1] To construct a
functional prototype: This involved integrating
the IR camera, microcontroller, and power
source into a wearable and comfortable
spectacle frame. [2] To develop a data collection
protocol: A standardised procedure was created
to guide participants through a set of specific
eye movements, ensuring consistency across all
tests. [3] To conduct a pilot study: Eye
movement data were collected from a control
group of healthy, able-bodied individuals and a
patient group of individuals previously
diagnosed with OMG. [4] To analyze and
compare the data: The recorded videos were
processed to generate eye movement trajectory
graphs. These graphs were then quantitatively
and qualitatively compared between the two
groups to identify significant, measurable
differences. [5] To evaluate differentiation
capability: Based on the analysis, the study
aimed to provide a preliminary assessment of
the device's ability to distinguish ocular motility
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patterns between known OMG patients and
healthy individuals.

2. Materials and Methods

This section provides a detailed account of the
materials used and the procedures followed in
this study. It covers the design and architecture
of the diagnostic system. It also describes the
fabrication of the OMG-glasses prototype.
Finally, it outlines the methodology of the

experimental study, including participant
recruitment, data collection, and analysis
techniques.

2.1. System architecture

The diagnostic system developed for this
research was composed of three primary
modules. These were the Data Acquisition
Module, the Data Transmission and Recording
Module, and the Data Processing Module. The
overall architecture was designed for a seamless
flow of information. The flow began with
capturing eye movement and ended with
quantitative graphical analysis. The complete
architecture is shown in Figure 3.

Original article

The Data Acquisition Module was the core
hardware component of the OMG-glasses. This
wearable device was responsible for
continuously imaging the participant's eye
during the experimental task. It captured the raw
visual data necessary for the analysis. The Data
Transmission and Recording Module consisted
of two parts. The OMG-glasses used a built-in
Wi-Fi antenna to wirelessly stream the captured
video feed. A standard laptop computer, acting
as a base station, received this feed. The laptop
ran Open Broadcaster Software (OBS) Studio.
This software is configured to capture the
wireless video stream and record it as a standard
digital video file (MP4). The Data Processing
Module software
program. It was coded using the Python
programming language. This program used the
recorded MP4 video file as its input. It employed
computer vision algorithms to track the pupil's
movement frame-by-frame. The output of this
module resulted in a two-dimensional trajectory
graph. This graph visually represented the path
of the participant's eye movement. It also
included key quantitative metrics.

was a custom-written

Figure 3. A block diagram illustrating the glasses mounted hardware. IR LEDs’ (bottom left), Camera module (top
left) comprised the imaging system. A microprocessor with WiFi connectivity and battery (middle and bottom right)
comprised the data acquisition, transmission and power system.

Journal of High School Science, 10(1), 2026
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2.2. The OMG-glasses: hardware prototype

A functional hardware prototype, named the
OMGe-glasses, was designed and fabricated for
this study as shown in Figures 4-6. The device
was constructed using commercially available
electronic components. The design prioritised
functionality, ease of use, and participant
comfort.

2.2.1. Component selection and description

The selection of each component was based on
its specific function, small form factor, and low
power consumption. [1] Spectacle Frame: A
standard, non-prescriptive spectacle frame was
used as the chassis for the device. The frame
provides a familiar and stable platform to mount
the electronic components. It ensured that the
device could be comfortably by
participants. [2] Microcontroller: The brain of
the device consisted of a XIAO ESP32 S3 Sense
board. This is a very small microcontroller unit
that integrates a processor, Wi-Fi connectivity,
and a camera interface. Its small size is ideal for

worn

a wearable application. The built-in Wi-Fi
capability wirelessly
transmitting the video feed, thus eliminating the
need for cumbersome cables. [3] Imaging
Module: An OV2640 camera module was
selected for image capture. This is a 2-megapixel

was crucial for
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camera, which is sufficient for the task of pupil
tracking. Importantly, the camera was modified
for this application. The internal infrared (IR)
filter was carefully removed from the lens
assembly. This modification allows the camera
sensor to detect infrared light, which was
essential for our illumination method. [4]
[llumination System: Two 850nm infrared Light
Emitting Diodes (LEDs) were integrated into
the device. Human eyes are not sensitive to light
at this wavelength. This meant that the LEDs
could brightly illuminate the eye without
causing any visible glare or discomfort to the
participant. This consistent illumination ensured
reliable pupil detection under various ambient
lighting conditions. [5] Power System: The
device was powered by a portable and
rechargeable system. A 3.7V, 500mAh Lithium-
Polymer (Li-Po) battery was chosen for its high
energy density and light weight. The battery was
connected to a Type-C USB 5V 2A Boost
Converter module. This module served two
purposes. It stepped up the battery's voltage to a
stable 5V required by the microcontroller. It also
provided a standard USB Type-C port for easy
recharging of the battery. [6] Control Switch: A
simple miniature toggle switch was included in
the circuit. This allowed the device to be easily
powered on and off by the experimenter.

Figure 4. Hardware prototype of the OMG-glasses

Journal of High School Science, 10(1), 2026
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2.2.2. Fabrication and assembly

The components were carefully assembled onto
the spectacle frame to create the final prototype.
The XIAO ESP32 S3 board was mounted on the
side arm of the frame. The OV2640 camera
module was positioned on the frame near the

Original article

nose bridge. It was angled inwards to have a
clear and direct view of the participant's right
eye. The two infrared LEDs were placed on the
upper rim of the frame to provide even
illumination.

Toggle
Switch

XIAO ESP32
$3 cam

Battery

Figure S. Frontal view of the fully assembled OMG-glasses prototype

™~

SWITCH

\. J

r g

LED

. J

Figure 6. A side-view of the OMG-glasses prototype, showing the mounting of the microcontroller, battery, power

module, LED and switch

The battery and the power converter module
were secured to the other side arm of the
spectacles. All components were interconnected
using thin, flexible wires. The connections were
made according to the electronic schematic
diagram. To protect the circuitry and secure the
components in place, electrical tape and a strong
adhesive were used. The final prototype was a
self-contained, wearable unit.

Journal of High School Science, 10(1), 2026

2.3. Experimental study

A pilot experimental study was conducted to
collect preliminary data. The study was
designed to compare the eye movement patterns
of healthy individuals with those of patients
diagnosed with OMG. The UI developed for
collecting the data is shown in Figure 7.
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Figure 7. User Interface of the application for recording using OMG-glasses.

2.3.1. Participant recruitment

A total of sixteen participants were included in
this study. They were divided into two groups of
eight. Group A (Control Group): This group
consisted of eight healthy, able-bodied
volunteers. The inclusion criteria were, be of age
between 20 and 50 years and have no history of
any neurological or ophthalmological disorders.
Participants who wore corrective lenses for
vision were included, but the experiment was
conducted without their personal spectacles
with the corrective lenses. Group B (Patient
Group): This group consisted of eight patients
who had been previously diagnosed with OMG
by qualified neurologists. Characterization was
based on standard clinical criteria including

Journal of High School Science, 10(1), 2026

characteristic ~ symptoms  (ptosis  and/or
diplopia), positive ice pack test, and/or
serological testing for anti-AChR receptor
antibodies. The patients were volunteers and
were informed about the nature of the study.

Informed consent was obtained from all
participants before their inclusion in the study.
The study protocol was designed to be non-
invasive and adhered to ethical principles. The
privacy and confidentiality of all participants
were strictly maintained. Each participant was
assigned an anonymous identifier (e.g., P1, P2,
.... P8 for control participants and O1, O2,
.....08 for OMG patients) for data identification
purposes.
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2.3.2. Experimental setup

The experiment was conducted in a quiet indoor
room with consistent artificial lighting. This was
done to minimise environmental distractions
and minimize variations in ambient light. Each
participant was seated comfortably in a chair. A
laptop computer was placed on a table ~ 1.5

Original article

metres in front of the participant. The laptop was
used by the experimenter to monitor and record
the video stream from the OMG-glasses. The
experimenter stood next to the laptop to guide
the participant through the eye movement task.
The setup is shown in Figure 8.

Figure 8. Experimental testing environment.

2.3.3. Data collection protocol

A standardised protocol was followed for data
collection from every participant. This ensured
consistency and comparability of the data across
all tests.

2.3.3.1 Briefing and preparation

The participant was first briefed about the
procedure. The experimenter explained the eye
movement task they needed to perform. The
OMG-glasses were then carefully placed on the
participant's face. The fit was adjusted for
comfort and to ensure that the camera had an
unobstructed view of the right eye.

2.3.3.2 Device activation and streaming

The experimenter turned on the OMG-glasses
using the toggle switch. A dedicated Wi-Fi
network with the SSID "OMGglass" and

Journal of High School Science, 10(1), 2026

password "omgglass" was created using a
mobile hotspot. The OMG-glasses
automatically connected to this network. On the
laptop, OBS Studio was launched. A "Browser"
source was added in OBS, and the URL
http://eyecam.local/mjpeg/1 was entered. This
initiated a live video stream from the glasses to
the laptop screen.

2.3.3.3 Eye movement task

The core of the protocol was a guided eye-
tracking task. The participant was instructed to
keep their head perfectly still throughout the
task. They were asked to focus their gaze only
on the experimenter's index finger, which served
as a visual target. The experimenter then moved
the target in a predefined pattern; [1] Start:The
target was held stationary at the centre of the
participant's visual field for a few seconds. [2]
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Horizontal Movement: The target was moved
slowly towards the participant's far left, then
back to the centre, and then slowly towards the
far right. It was then returned to the centre. [3]
Vertical Movement: From the centre, the target
was moved slowly upwards to the highest point
of the participant's vertical gaze, then back to the
centre. It was then moved slowly downwards to
the lowest point of their gaze. [4] End: The
target was finally returned to the central
position.

2.3.3.4 Recording and data storage

The experimenter started the recording function
in OBS Studio immediately before the eye
movement task began. The entire sequence of
eye movements was recorded as a single video.
Once the task was completed, the recording was
stopped. The resulting MP4 file was saved in the
laptop's hard drive. The file was named using the
participant's anonymous identifier to ensure
proper data management.

2.3.4. Ethical considerations

The study was conducted as a non-clinical,
exploratory engineering feasibility study to
assess the technical capability of the device
under the CreatED high school research
program. It was not designed or intended as a
clinical diagnostic validation study. Formal
Institutional Review Board (IRB) approval was
therefore not obtained prior to study initiation.
However, the study was conducted under the
supervision of a clinical doctor, research
supervisor, the parents of the high school author
and the head of CreatED.

2.3.4.1 Infrared safety assessment
The device employed two 850nm infrared
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LEDs for eye illumination. At this wavelength
and the low power used (<50mW total), with
brief exposure duration (<I minute per testing
session), the infrared exposure fell within the
exempt risk group (RGO) per IEC 62471 (33)
photobiological safety standards for lamps and
lamp The infrared illumination
intensity was comparable to or less than that of
standard commercial television
remote  controls, sensors
commonly used in consumer electronics. No
participant reported any discomfort during or
after testing.

systems.

webcams,
and proximity

2.3.4.2 Informed consent

Written informed consent was obtained from all
participants prior to their inclusion in the study.
Participants were informed about the nature of
the research, the procedures involved, and their
right to withdraw at any time without
consequence. For OMG patients, consent was
obtained in coordination with their treating
physicians.

2.3.4.3 Data privacy safeguards

Only eye movement videos were recorded; no
facial images were captured. All data were
immediately anonymized using participant
codes (P1-P8 for controls, O1-O8 for patients).
Raw video recordings were stored on encrypted
local storage and deleted after trajectory data
extraction. Only anonymized trajectory data
were retained for analysis. No personally
identifiable information was included in the
dataset.

2.4. Data processing and analysis

The collected video files were subsequently
processed to extract ocular motility quantitative
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data.

2.4.1. Pupillary tracking and trajectory
generation

A custom computer program, written in the
Python programming language, was developed
for data analysis. The program was designed to
automate the extraction of eye movement data
from the recorded videos. For each video file,
the program performed the following steps, [1]
It loaded the video and processed it frame by
frame. [2] In each frame, it used a computer
vision algorithm to detect the circular shape of
the pupil. [3] It calculated the geometric center
of the detected pupil. The (x,y) pixel coordinates
of this center were recorded for each frame.
Pixel coordinates were converted to ~ gaze
angles using geometric transformation based on
the camera's known field-of-view (~ 66°) and
image resolution. The relationship assumed a
linear mapping within the central visual field.
[4] This sequence of coordinates, representing
the pupil's position over time, was then used to
generate a trajectory path.

2.4.2. Quantitative analysis and graph plotting
The program used the trajectory data to generate
a two-dimensional plot. The horizontal and
vertical displacement of the pupil were plotted
on the X and Y-axis respectively. The axes were
calibrated and represented in degrees of gaze
angle. This processing created an intuitive visual
representation of the eye's complete range of
motion during the task.

In addition to the plot, the program calculated
several quantitative metrics from the trajectory
data, [1] Horizontal Range: The maximum
angular displacement achieved on the horizontal
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axis (left to right), [2] Vertical Range: The
maximum angular displacement achieved on the
vertical axis (up to down), [3] Total Path
Length: The cumulative length of the trajectory
path, representing the total distance the eye
travelled.

These metrics, along with the trajectory graph,
were generated for each participant. The data
from the control group was then compared with
the data from the patient group to identify
characteristic differences.

2.4.3. Statistical analysis

Statistical analysis was performed to compare
quantitative metrics between the control and
patient groups. Given the small sample size (n =
8 per group) and the non-normal distribution of
some variables (Shapiro-Wilk test: Vertical
Range in OMG group, W = 0.732, p = 0.005),
non-parametric methods were employed.

Descriptive statistics are reported as median
with interquartile range (IQR). Additionally,
95% confidence intervals were calculated using
bootstrap resampling with 10,000 iterations.
Between-group comparisons were performed
using the Mann-Whitney U test with Bonferroni
correction for multiple comparisons (4 tests;
adjusted a = 0.0125).

Effect size was quantified using Cliff's delta (3),
which is appropriate for non-parametric ordinal
data. Cliff's delta ranges from -1 to +1, with 9
< 0.147 indicating negligible effect, |d] < 0.33
small effect, |8 < 0.474 medium effect, and || >
0.474 large effect. A post-hoc power analysis
was performed based on observed effect sizes.
For an a priori power analysis with o = 0.05,
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power = 0.80, and a large effect size (6 = 0.474),
the minimum required sample
calculated at ~ 26 per group. The current pilot
study (n = 8 per group) was adequately powered
to detect the (fortuitous) very large effects
observed (6 > 0.78 for all motility metrics) but
would be underpowered to detect smaller
effects.

size was

2.4.4. Pixel-to-Degree calibration and
measurement uncertainty

The conversion of pupil position from pixel
coordinates to gaze angle in degrees was
performed using a geometric ~ based on the
OV2640 camera's field of view (~ 66°) and
image resolution (640 x 480 pixels at VGA
mode). This yielded an ~ conversion factor of
0.103°/pixel.

The accuracy of video-based infrared eye
tracking systems has been extensively studied.

According to recent literature (31,32),
interpolation-based eye tracking methods using
infrared  illumination  typically  achieve

accuracies in the range of 0.5° to 1.5° depending
on system configuration and calibration quality.
For our low-cost prototype without formal
calibration against a gold-standard system, we
conservatively estimated a measurement
uncertainty of =1.5°.

To assess whether this uncertainty affected the
validity of our findings, we compared the
observed between-group differences to the
measurement uncertainty, Horizontal Range
difference: 20.6° (signal-to-uncertainty ratio:
13.7x); Vertical Range difference: 25.7° (signal-
to-uncertainty ratio: 17.1x); Total Path Length
difference: 80.9° (signal-to-uncertainty ratio:
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53.9%). The observed differences between
groups were 14 to 54 times larger than the
estimated measurement uncertainty, supporting
the validity of our findings despite the lack of
formal calibration.

It should be noted that pixel-to-degree mapping
in patients with OMG may be affected by
fatigue, which is characteristic of the disease. To
address this concern, we performed an
additional analysis normalizing measurements
by session duration (see Section 3.1.4). All
angular values reported in this study are ~
estimates based on geometric conversion from
pixel coordinates. These values should not be
interpreted as precise clinical measurements.
The emphasis should be placed on relative
differences between groups rather than absolute
angular values.

3. Results and Discussion

This section presents the findings of the
experimental study. It begins by describing the
qualitative and quantitative data obtained from
both the control and patient groups. A detailed
discussion then follows, interpreting these
results in the context of OMG. The section
concludes by acknowledging the limitations of
this study and proposing directions for future
research.

3.1. Results

The eye movement data collected from all
sixteen participants were processed. The
analysis yielded distinct and measurable
differences between the healthy control group
(Group A) and the OMG patient group (Group
B). The results are presented using trajectory
graphs and a summary of quantitative metrics as
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shown in Figure 9 and 10 and Table

respectively.

3.1.1. Eye movement patterns in the control

group (Group A)
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1 The participants in the healthy control group
demonstrated a consistent and predictable
pattern of eye movement. They were able to
follow the visual target smoothly and accurately
throughout the entire task.
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Figure 9. a to h. The eye movement trajectory graphs for healthy control participants (P1 to P8)
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Quantitatively, the control participants exhibited
a large range of motion. The horizontal gaze
angles were typically > £35 degrees. The

vertical gaze angles also showed a wide range,

often reaching the limits of the measurement
scale. The total path length, which is a measure
of the total excursion of the eye,
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this group. These

numerical values correspond to the extensive
trajectories seen in their graphs (Figure 9)

3.1.2. Eye movement patterns in the OMG
patient group (Group B)
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Figure 10. a to h. The eye movement trajectory graph for OMG patients (O1 TO O8)
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In contrast, the participants in the OMG patient
group showed markedly different eye movement
patterns. Their ability to follow the visual target
was visibly impaired. The trajectory graphs for
this group are characterized by their restricted
and irregular nature (Figure 10).

The classic cross shape observed in the control
group was absent in the patient data. Instead, the
trajectories compressed and often
incomplete. The extent of eye movement was
significantly reduced in one or more directions.
For example, a patient might show a reasonable
horizontal range but a severely limited upward
gaze. The paths traced by the eye were often
erratic and non-linear. They showed deviations
and corrective saccades, which appeared as
jagged or wavy lines on the graph. This reflects

WwEre
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the underlying muscle weakness affecting the
ability to achieve a full range of motion.

The quantitative data for the patient group
reinforced these visual observations. Both the
horizontal and vertical ranges of motion were
found to be smaller than those of the control
group. The total path length of the eye's
movement was also significantly lesser. This
indicated that the overall capacity for eye
movement was reduced in these patients. This
reduction reflected a direct numerical correlate
of the muscle weakness caused by the disease.

3.1.3. Comparative analysis

A direct comparison of the quantitative metrics
found a measurable separation between the two
groups. A summary of the values for key
parameters is presented in Table 1.

Table 1. Quantitative results for the Able Bodied (AB) control group and the OMG patient

group.

Subj Duration (s) Path length (degrees ) | Horizontal Range (degrees) | Vertical Range (degrees)
AB OMG AB OMG AB OMG AB OMG

1 20.40 19.50 (304.3 266.4 |40, 40 —27,28 -32,23 —4, 40

2 28.75 16.70 |415.8 227.5 |-38,37 =26, 27 —33,33 -2,33

3 32.05 22.80 |442.7 2939 |-41,44 -29,29 —34,34 -0, 40

4 12.05 34.75 [310.8 293.8 |-27,44 —28,27 -32,33 -0, 40

5 08.90 31.35 [273.8 2955 |-38,23 —-26, 30 =31, 33 -0, 40

6 19.15 22.25 1366.8 2519 |-39,40 =27, 26 =35, 35 -0, 40

7 36.40 38.35 [458.0 294.8 |-42,41 =29, 27 —33,32 -0, 40

8 21.35 36.50 [382.6 3129 |-38,38 =30, 28 =37, 36 -0, 40

Mean [22.38 27.78 [369.35 279.59 |-38,38 —-28, 28 —33.7,32 —0.8, 39

SD 8.90 7.87 [63.61 26.59 |4.3,6.3 14,1.1 1.9,3.7 1.5,2.1

As Table 1 shows, the average range of motion
and total path length for the OMG patient group

Journal of High School Science, 10(1), 2026

is lower than for the healthy control group. This
quantitative difference provides objective
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evidence that can be used to distinguish between

Original article

the two populations based on their ocular motor
performance.

Table 2. Statistical comparison between Able-bodied control and OMG patient groups

Metric Control (n = 8) OMG (n=38) U p-value Cohen’s d
Total Path Length (°) 369.35 £ 68.00 279.59 £28.42 57.0 |0.007** 1.72
Horizontal Range (°) 76.72 +7.77 56.10 £ 2.09 64.0 |<0.001%** 3.63
Vertical Range (°) 66.00 +5.33 40.02 +2.30 64.0 |<0.001%** 6.33
Duration (s) 22.38+9.52 27.77 £8.42 20.0 ]0.234 -0.60

Values are Mean + SD. Mann—Whitney U test used for between-group comparisons. **p < 0.01, ***p <(.001

As shown in Table 2, The Mann-Whitney U tests
found statistically significant differences
between the two groups for the Total Path
Length (U =57.0, p=0.007), Horizontal Range
(U=64.0,p <0.001), and Vertical Range (U =
64.0, p <0.001). All three metrics showed large

effect sizes (Cohen's d > 0.8), indicating
significant differences motility
between known OMG patients and healthy
controls. The duration of the task did not differ
significantly between groups (p = 0.234).

in ocular

Table 3. Statistical comparison between control and OMG groups using non-parametric methods

Metric Control (n = 8) OMG (n=38) U p-adj Cliff’s 8  |Effect
Median (IQR) Median (IQR)

Total Path Length (°) |374 (309—422) 294 (262-295) 57 0.028* 0.78 Large

Horizontal Range (°) |78 (75-81) 56 (55-57) 64 0.004** 1.00 Large

Vertical Range (°) 65 (64—69) 40 (40-40) 64 0.003** 1.00 Large

Duration (s) 20.9 (17.4-29.6) 27.1(21.6-35.2) 20.0 [0.938 -0.38 Medium

Mann—Whitney U test with Bonferroni correction for multiple comparisons (4 tests). Significance levels: *p <0.05,
**p <0.01, ***p < 0.001 (adjusted p-values shown). Cliff's o interpretation: |5] < 0.147 negligible, < 0.33 small, <

0.474 medium, > 0.474 large.

3.1.4. Horizontal-to-Vertical ratio analysis

To investigate potential  fatigue-related
confounding effects, we calculated the ratio of
horizontal to vertical range (H:V ratio) for each
participant and analysed this metric both in raw
form and normalized by session duration.

As shown in, and calculated from, Table 4, the
raw H:V ratio showed a statistically significant

Journal of High School Science, 10(1), 2026

difference between groups (U = 6.0, p = 0.005,
Cliffs o = -0.81), with OMG patients
demonstrating proportionally greater restriction
in vertical relative to horizontal gaze. However,
when the H:V ratio was normalized by session
duration as a surrogate for fatigue effects, this
difference was no longer significant (U =35.0, p
=0.798, Cliff's d = 0.09, negligible effect).

175



Original article

Table 4. Individual participant H:V ratios and duration-normalized values

Control Group OMG Patient Group
1D H:V Ratio Norm (s77) ID H:V Ratio Norm (s77)
P1 1.455 0.0713 Ol 1.279 0.0656
P2 1.155 0.0402 02 1.480 0.0886
P3 1.243 0.0388 03 1.480 0.0649
P4 1.094 0.0908 04 1.387 0.0399
P5 0.955 0.1073 05 1.397 0.0446
P6 1.137 0.0594 06 1.340 0.0602
P7 1.269 0.0349 o7 1.420 0.0370
P8 1.045 0.0489 08 1.450 0.0397
Median 1.146 0.0541 Median 1.409 0.0524

3.2. Discussion

The results of this pilot study suggest that the
OMGe-glasses can capture and quantify the
defining characteristics of impaired eye
movement OMG. The measurable
distinction between the trajectory patterns of
healthy individuals and OMG patients form the
basis for this discussion. This study did not
evaluate diagnostic ability, or
specificity. The findings demonstrate proof-of-
concept differentiation between known groups,
not diagnostic capability.

in

sensitivity,

The loss of statistical significance after duration
normalization indicated that fatigue was likely a
major contributor to the observed between-
group differences, rather than a secondary
effect.
motility likely reflected combined effects of
underlying muscle weakness and fatigability,
both of which are characteristic features of

The observed differences in ocular

OMG. Fatigability may hence be used as a
differentiation contributor between the two
groups (see below) rather than merely being
reported as a confounding factor.

Journal of High School Science, 10(1), 2026

Significance in non-duration normalized H/V
ratio, when combined with non-significance in
the normalized H/V ratio, may — together — itself
be taken as evidence of ocular motility affective
conditions resulting from ocular
weakening. In other words, the combination of
a significant non—duration-normalized H:V ratio
with a non-significant duration-normalized H:V
ratio may itself be taken to be a specific
differentiator for OMG. Rather than indicating a
stable, direction-specific ocular motility/fatigue
bias, this pattern is consistent with a time-
dependent, fatigable neuromuscular impairment
in  which apparent  vertical-horizontal
asymmetries emerge during task performance
but diminish when scaled to exposure duration.
This interpretation emphasizes the dynamic
nature of oculomotor weakness in OMG, rather

muscle

than a fixed anisotropy of muscle involvement.
While speculative, this raises the hypothesis that
the sensitivity of directional ratios to duration
normalization may differ between
neuromuscular junction disorders such as OMG
and conditions characterized by more fixed
mechanical or neurogenic constraints (e.g.,
thyroid eye disease or cranial nerve palsies), a
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possibility that warrants explicit testing in future
disease-comparator cohorts using the OMG-
glasses.

3.2.1. Interpretation of the observed trajectory

patterns
The fundamental difference between the two
groups lies in the integrity of their

neuromuscular junctions. In the healthy control
participants, the transmission of acetylcholine is
efficient. This allows their extraocular muscles
to receive uninterrrupted and unattenuated
signals from the nerves, resulting in strong,
sustained, and well-coordinated contractions.
This physiological efficiency 1is
translated into the smooth, extensive, and
symmetrical cross-shaped trajectories observed
in our results.

visually

In the OMG patients, this process is disrupted.
The autoimmune attack on AChR receptors
means that fewer signals get through to the
fibres. This
weakness. The restricted range of motion seen
in the OMG group trajectory graphs is a direct
manifestation of this weakness. The muscles are
not strong enough to move the eye to its full
extent. The irregular and jerky paths reflect the
underlying pathophysiology. The muscle's
reduced capacity results in an inability to
achieve the full range of motion observed in
healthy individuals. This finding is consistent
with the clinical understanding of the disease.

muscle leads to oculomotor

3.2.2. The potential of OMG-glasses for
characterizing ocular motility

Current diagnostic methods for OMG have
known limitations. Blood tests can be negative
in up to half of the patients with purely ocular

Journal of High School Science, 10(1), 2026
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symptoms. Electrodiagnostic tests such as RNS
may lack sensitivity in mild cases. The clinical
assessment of eye movement is often subjective
and dependent on the examiner's experience.

The OMG-glasses offer a novel approach for
objectively characterizing motility
differences. The primary advantage of this
method is its objectivity. The device provides
numerical data, the ranges and path lengths, that
are independent of subjective interpretation.
This quantitative output could provide clinicians
with a more objective basis for diagnosis. The
device could be particularly useful in cases
where other tests are inconclusive. For instance,
a patient with typical symptoms but negative
antibody tests could be evaluated with the
OMG-glasses. A demonstrably restricted
trajectory could provide strong supportive
evidence for a characterization of seronegative
OMG.

ocular

Furthermore, the device measures the functional
impact of the disease. It directly assesses what
the patient is experiencing: a limitation in their
ability to move their eyes. This is a very
clinically relevant measure. The simplicity and
non-invasive nature of the test also make it
highly suitable for repeated use. This could
allow clinicians to monitor the progression of
the disease over time or to objectively assess a
patient's response to treatment. A measurable
improvement in the trajectory graph after
starting medication would be a clear indicator of
therapeutic efficacy.

3.2.3. Limitations

It is important to acknowledge the limitations
of this research. As a pilot study, the primary
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goal was to establish a proof of concept. The
findings, should be
interpreted with caution.

while encouraging,

The most significant limitation is the small
sample size and absence of replicates. Single
measurements obtained from each
participant  without replicates,
assessment of test-retest reliability. Future
studies should include multiple testing sessions
per participant to establish measurement
reproducibility. With only eight participants in
each group, it was not possible to make broad
generalisations. A larger study is required to
confirm that these findings are statistically
significant and representative of the wider
population. The post-hoc power
indicated that with n = 8 per group, this pilot
study was adequately powered (n ~ 26 per
group) to detect the very large effects observed
but would be underpowered to detect smaller,
potentially clinically meaningful differences
which may be less dependent on fatigue.

were
preventing

analysis

Importantly, this study did not include patients
with other conditions that cause restricted eye
movements, such as thyroid eye disease, cranial
nerve  palsies, or other forms of
ophthalmoplegia. Therefore, the specificity of
the observed trajectory patterns for OMG cannot
be established from this data, unless, as
speculated, the sensitivity of directional ratios to
duration normalization differs between OMG
and other ocular neurological conditions. The
current findings demonstrate differentiation
between healthy controls and known OMG
patients, but do not establish that the device can
distinguish OMG from other causes of ocular
motility dysfunction. The current protocol relied
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on verbal instructions to maintain head position,
which may not have been uniformly successful
across all participants. Additionally, the use of a
manual target (experimenter's finger) introduces
potential variability in target speed, position,
and consistency across trials. Future iterations
should incorporate a chin rest or head
stabilization mechanism and replace the manual
target with automated on-screen fixation points
to standardize the stimulus presentation.

Potential confounders were not controlled or
systematically corrected for in this pilot study,
including: [1] age and sex distribution between
groups, which may differ and could influence
baseline ocular motility; [2] refractive status of
participants, as uncorrected refractive errors
could affect gaze tracking accuracy; [3]
medication state of OMG patients, particularly
the timing of acetylcholinesterase inhibitor
doses relative to testing; [4] time of day of
testing, given that diurnal variability 1is
characteristic of OMG with symptoms typically
worsening throughout the day; [5] degree of
eyelid occlusion from ptosis, which may have
interfered with pupil detection in some patients;
and [6] variability in camera-to-eye distance
across participants, which could affect the pixel-
to-degree conversion.

As noted in Section 3.1.4, the H:V ratio analysis
found that, when normalized by session
duration, the between-group differences were no
longer significant, suggesting that fatigue-
related effects may have confounded the results;
although; as discussed above, this very
confounding factor could be converted into a
disease differentiator. The brief protocol
duration may not adequately capture the
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fatigability characteristic of OMG, while
simultaneously being long enough for fatigue to
differentially affect performance. An alternative
interpretation (as discussed prior) would be that
the combination of a significant non—duration-
normalized H:V ratio with a non-significant
duration-normalized H:V ratio is indicative of
the observed pattern reflecting an underlying
ocular motility deficit rather than fatigue acting
merely as a confounding factor. Directional
asymmetries emerge during task performance
due to fatigable neuromuscular weakness in
OMG but attenuate when scaled to exposure
duration. This pattern highlights a dynamic
manifestation of oculomotor impairment rather
than a fixed directional bias.

The pixel-to-degree conversion was based on
geometric ~ and was not validated against a
gold-standard eye tracking system. While our
uncertainty analysis (Section 2.4.4)
demonstrated that the observed differences
exceeded estimated measurement error, formal
calibration would strengthen confidence in the
quantitative values reported.

Another limitation is the prototype nature of the
hardware. The current prototype monitors only
the right eye. Since OMG symptoms often
present asymmetrically, affecting one eye more
than the other initially, unilateral assessment
may miss early-stage disease affecting the
contralateral eye or may underestimate disease
severity if the more affected eye is not
monitored. While the prototype is functional,
the current OMG-glasses prototype could be
improved in terms of ergonomics and stability.
Involuntary  head by the
participants, although discouraged, could have

movements
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introduced minor artifacts into the data. A more
refined design with better head stabilization
could improve the accuracy of the
measurements.

Finally, the study did not include patients with
other neurological or ophthalmological
conditions that can also affect eye movement. To
establish the specificity of this test for OMG,
future studies would need to include control
groups with other disorders. As stated in section
3.2, the sensitivity of directional ratios to
duration normalization may be hypothesized to
differ  between neuromuscular junction
disorders such as OMG and conditions
characterized by more fixed mechanical or
neurogenic constraints (e.g., thyroid eye disease
or cranial nerve palsies), which can be tested
using the OMG-glasses.

3.2.4. Perspective

This study lays the groundwork for a promising
new area of research. A larger-scale validation
study is the most critical next step. This would
involve recruiting a much larger cohort of OMG
patients and healthy controls. This would allow
for a robust statistical analysis of the data and
would help to establish clear cut-off values to
distinguish between healthy and pathological
eye movement.

The data analysis can also be made more
sophisticated. The current analysis focused on
the range of motion. Future versions of the
software could incorporate the analysis of eye
movement velocity, acceleration, and the
quantification of saccadic intrusions. These
advanced metrics may provide even greater
sensitivity for detecting subtle abnormalities.
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There is also potential to apply machine learning
techniques. A computer algorithm could be
trained on a large dataset of trajectory graphs.
The goal would be to develop a model that can
automatically classify a new, unseen trajectory
as either "healthy" or "indicative of OMG".
Such a tool could serve as a powerful and
automated screening or decision-support system
for clinicians.

Standardization of the experimental protocol
using automated screen-based targets and
physical head restraints would eliminate
experimenter-related confounders and improve
reproducibility. Longer duration protocols with
repeated measurements could be designed to
specifically assess the fatigability characteristic
of OMG, which could not be evaluated with the
current brief protocol. To establish specificity,
future studies should include control groups
with other conditions affecting ocular motility,
such as thyroid eye disease and cranial nerve
palsies.

Future iterations of the OMG-glasses should
incorporate  bilateral eye tracking with
synchronized cameras monitoring both eyes
simultaneously. This is essential for early
detection  given  the  characteristically
asymmetric presentation of OMG, and would
allow assessment of inter-ocular differences that
may be diagnostically valuable.

A formal calibration procedure should be
developed and validated against a gold-standard
eye tracking system to ensure accurate pixel-to-
degree conversion and enable comparison
across different device configurations and
patient populations. Longer duration protocols

Journal of High School Science, 10(1), 2026

Original article

with repeated measurements could be designed
to specifically assess the fatigability
characteristic of OMG, which is difficult to
capture with the current brief protocol. Such
protocols could include sustained gaze tasks
with measurement of performance decline over
time. To establish specificity, future studies
should include control groups with other
conditions that affect ocular motility, such as
thyroid eye disease, cranial nerve palsies, and
chronic progressive external ophthalmoplegia.
Future clinical validation studies will require
formal IRB approval and should include
systematic collection and correction for
potential confounders including age,
medication timing, refractive status, and time of
day.

sex,

This pilot study demonstrated that a wearable,
camera-based device can quantify the deficits in
ocular motility associated with known cases of
OMG. The OMG-glasses represent a feasible
and innovative approach that has the potential to
become a valuable, objective tool in the
characterization and management of this
challenging condition.

4. Conclusion

The early and accurate characterization of OMG
remains a significant clinical challenge. The
fluctuating nature of the symptoms and the
limitations of existing tests can lead to delays in
starting appropriate management. This research
was undertaken to explore a new technological
approach to address this problem. We
successfully designed, built, and tested a novel
wearable device, termed the OMG-glasses. This
device, paired with computational analysis,
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provides a quantitative and objective way to
assess ocular motility.

Our pilot study yielded encouraging results. We
demonstrated a measurable difference in the eye
movement patterns between healthy individuals
and patients with OMG. The healthy control
group exhibited a full and symmetrical range of
motion, represented by well-defined trajectory
graphs. The patient group, however, consistently
showed a restricted and erratic range of motion.
This was evident both visually in the trajectory
graphs and numerically in the calculated
metrics. These findings support our initial
hypothesis. The quantitative analysis of eye
particularly when metrics can
measure time-dependent, fatigable
neuromuscular impairment - with additional
selectivity being conferred by the sensitivity of
those metrics to this fatigable neuromuscular
impairment - may serve as a valuable sensitive
as well as selective biomarker for the disease.

movement;

The primary significance of this work lies in
demonstrating that quantitative eye movement
analysis can differentiate between known OMG
patients and healthy individuals. The OMG-
glasses offer an objective, non-invasive, and
low-cost method to characterize ocular motility
deficits. The statistically significant differences
observed (p < 0.01 for all motility metrics)
with large effect sizes provide evidence that this
approach warrants further investigation in larger
studies that include other conditions affecting
eye movement.

In conclusion, this research served as a

successful proof of concept. It demonstrated that
a wearable device can capture measurable
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differences in eye movement patterns between
known OMG patients and healthy individuals,
with all three-motility metrics showing
statistically significant differences (p < 0.01)
and large effect sizes. While this study
establishes differentiation capability rather than
utility for diganosis, the OMG-glasses represent
a promising approach that warrants further
investigation with larger sample sizes and
inclusion of other conditions affecting ocular
motility.
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