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Abstract: Various pathological conditions of a human eye cause dis-
orders in oculomotor functions. An objective determination of the eye 
movement range is crucial for diagnosing and evaluating an effective-
ness of ophthalmic disease treatment. To achieve this goal, we devel-
oped the computer appliance for obtaining digital images of the anterior 
eye segment. The latter were standardized by illuminance conditions 
and could be viewed on the tablet computer screen, archived, or else 
sent over the Internet to the data processing server. For each eye, the 
motion range was determined separately for eight meridians. As a re-
sult, the algorithms for estimating the range of eye movements in rela-
tion to the diagnosis of ophthalmic diseases were determined. The de-
veloped technique and computer appliance for objective identification 
of the eye movement range were used for the patients of various age 
groups. Automation and standardization of research process exhibited 
high diagnostic capabilities of the computer appliance: hence, it was 
recommended for use in medical establishments, research institutions, 
telemedicine centers, and expert commissions.

Keywords: Digital images of anterior eye segment, eye movement, 
diagnosis of ophthalmic diseases, telemedicine.

Introduction
Determining eye movement range is of great importance in ophthalmic 
practice [1]. Oculomotor function disorders occur when central nervous 
system and the muscle of the visual analyzer are affected [2]. This 
leads to appearance of various strabismus types, the main symptom of 
which is the displacement of the eyeball relative to the visual axis [3]. 
There are many options for eyeball displacement, both relative to the 
meridian, or related to the degree of displacement. Eye movements 
are delivered by six muscles, along with oculomotor, trochlear and 
abducens cranial nerves. Thus, various combinations of oculomotor 
disorders occur [4].

Currently, determination of the eye movement range is conducted 
by a somewhat subjective method. A doctor examines a patient and 
controls the range of eye movements from a central position to the 
right, left, up and down. When strabismus is present, the technique for 
determining the strabismus angle is used. The severity of strabismus 
is determined sensu Hirschberg in degrees by a magnitude of reflected 
light reflex displacement from the center of the pupil [5]. The method 
allows identifying strabismus angles from 10 to 45 degrees depending 
on location of the light reflex in relation to the pupil zone. A shift in 
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the light reflex to the region of an iris, corneal limb 
us or sclera is possible [6, 7]. 

With advances of digital measurement methods in 
clinical practice, the development and implemen-
tation of objective methods and devices for deter-
mining the range of eye movements to diagnose and 
evaluate an effectiveness of treating ophthalmic 
diseases is becoming increasingly relevant. Thus, 
the objective of our study included development and 
investigation of diagnostic capabilities of the com-
puter appliance for objective determination of eye 
movement range.

Materials and Methods
We developed the computer appliance to determine 
the range of eye movements based on the analysis 
of digital images of an anterior eye segment (Fig. 1). 
The appliance is multifunctional and can be used in 
any operating conditions, both in medical and diag-
nostic medical institutions, as well as during on-site 
consultations and emergency care. It has auton-
omous power supply and fully autonomous func-
tioning, and is compact and portable. It is able to 
save the results and transmit them over the Internet. 
The hardware of the appliance is connected to the 
stand mounted on a table. The stand has an adjust-
able height. Used light-shielding nozzles allow eye 
examination without dimming the room. The kit 
includes a tablet computer to visualize resulting eye 
images for saving and transmitting the data.

Digital images of an anterior eye segment were 
standardized by illuminance conditions. They could 
be viewed on the tablet computer screen, archived, 
or else sent via the Internet to the data processing 
server. For each eye, the eyeball motion range was 
determined separately for eight meridians: nasal, 
upper nasal, upper, upper temporal, temporal, lower 
temporal, lower, and lower nasal. Eye positions were 
recorded both in binocular mode and separately for 
each eye. The photo or video recording mode was 
used at a frequency of 30 frames per second. The 
received data was saved as a file that could be ar-
chived and sent over the Internet. The results could 
be analyzed manually by applying a measuring grid 
to the image of the anterior eye segment.

The research technique involved fixing the face 
of a subject in a light-shielding nozzle and sub-
sequent examination. As reference points for the 
gaze, LED light sources were used, located along 

eight meridians. The research can be conducted both 
around the circumference and spontaneously, along 
any meridian.

We developed the computer program working ac-
cording to the following steps. First, the name and 
the date of birth of a study subject needs to be en-
tered in specific fields. Next, an investigator could 
choose the examination methodology (the sequence 
of presenting light sources to a subject). An algo-
rithm has been developed to assess the degree of an 
eyeball displacement in degrees and in millimeters. 
Each millimeter of displacement from the optical 
center of the cornea corresponds to 7–8 degrees of 
strabismus, or 15 prism diopters. The correct eye-
ball position is determined based on the analysis of 
digital images of major reference points: locations 
of the corneal limb us and corneal apex.

Our original program provides an examination of 
the position of both eyes simultaneously (Fig. 2). For 
subsequent data processing, a file with eye examina-
tion data is loaded into the program. The data remain 
in the program memory and provide its ability to 
dynamically compare the measurement results. The 
data is transmitted over wireless Wi-Fi channels.

Results
Our original method and computer appliance for 
objective determination of eye movement range 
were tested on 82 patients, ranging 6–82 years of 
age. After viewing the training video for the pa-
tient about the examination procedure, eye move-
ment range was determined. Since the technique 

Figure 1. Appearance of the computer appliance hardware 
for objective determination of the eye movement range
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Figure 2. The program for determining eye movement range

was non-contact and pain-free, it was implement-
ed successfully in all age groups. It arose interest 
among children; they perceived it as a game. The 
illuminance level during the examination did not 
cause blinding and discomfort in patients. The re-
search methodology was feasible both in stationary 
and on-site conditions. Alternatively, the possibility 
of using it for telemedicine purposes hould be not-
ed. The results were transmitted as a file to the data 
processing server. 

Since use of the computer appliance for objective 
determination of the eye movement range is auto-
mated, it does not require special training of spe-
cialists. It can be employed in clinical practices of 
other specialty physicians, such as neurologists. The 
ability to transfer data via the Internet to a user’s 
mail or data processing server ensures the possi-
bility of remote examination and interpretation of 
the results. 

The software was used in diagnosing strabismus of 
various etiologies. In addition to displacement mag-
nitude from the horizontal meridian, it was possible 
to determine the presence of a vertical component, 
impaired adduction and abduction functions. In 

terms of diagnostics, the state of ophthalmoplegia 
was especially notable: paralysis of several or all of 
the ocular muscles innervated by the oculomotor, 
trochlear and abducens cranial nerves. 

The computer program was used in diagnosing and 
monitoring the condition with oculomotor patholo-
gy and showed the possibility of the diagnostic pro-
cess objectification, a comparative data analysis in 
dynamics, both in a single patient and in relation to 
the average age-specific norm. The most informa-
tive was the graphical option for comparing medical 
examination data. Digitalization and, accordingly, 
objectification of the data obtained in the course of 
the clinical examination, may significantly increase 
diagnostic efficiency in patients with oculomotor 
disorders of various etiologies.

Discussion
Our original method and computer appliance for 
objective determination of the eye movement ranges 
can be used in any age group of patients, including 
children. Before the study, a patient watches an in-
formation video about how it will happen. The study 
per se is safe and non-contact, it uses disposable 
wipes to ensure individual hygiene. 
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There are several modes for determining the rang-
es of eye movements. The automated mode uses a 
program of sequential presentation of stimuli along 
eight meridians. It is also possible to use the mode of 
free generation of the stimulus location, which pro-
vides improved diagnostic accuracy. The program 
has a mode of the stimulus re-presentation in order 
to compare the results in case of suspected error. 

The results can be archived and used to evaluate the 
treatment effectiveness by comparing the outcomes 
of eye examination in dynamics via associating the 
graphs of the eye movement range boundaries. 
Functioning of the computer appliance fulfills the 
needs for telemedicine examinations. The software 
implements an ability to transmit data over the 
Internet via an integrated wireless transmitter. The 
software and hardware comply with the require-
ments for telemedicine equipment [4,8].

It should also be noted the lack of close analogues 
of the computer appliance and the experience of us-
ing this type of equipment in ophthalmic practice. 

A field examination option of using the computer 
appliance is of great importance for non-transport-
able patients and persons with disabilities.

Conclusion
The proposed methodology for studying the range of 
eye movements is objective, based on methods of dig-
ital analysis of the anterior eye segment images. The 
computer appliance for studying the range of eye move-
ments is intended for use, and is used, in diagnostic 
and evaluation of the effectiveness of various disease 
treatment. The functionality of computer appliance 
is adapted for clinical and outpatient conditions, as 
well as for field examinations and remote diagnostics. 
Automation and standardization of the research process 
provides high diagnostic capabilities for use by oth-
er specialty physicians rather than ophthalmologists 
alone. Development of a novel equipment using digital 
methods and Internet information channels opens up 
fundamentally new opportunities, both in medical sci-
ence and clinical practice: it can be used at diagnostic, 
treatment and prevention institutions, as well as by ex-
pert commissions, telemedicine, and research centers.

Figure 3. Program interface for objective identification of eye movement range 

Send



90

FULL ARTICLESCIENTIFIC RESEARCH AND INNOVATION 2020;1(2):86–90

References

1.	 Aznauryan I. E., Balansanyan V. O. Minimally 
invasive surgery of nonparetic strabismus. – 
Scientific and practical conference “Fyodorov’s 
Readings. 2013”. Moscow. 21-22 June 2013. 
P. 249-250. Available at:  
https://eyepress.ru/0001410/FR2013.pdf. (In Russ.)

2.	 Bakutkin I. V., Zelenov V. A., Chichev O. I. Computer 
appliance to study pupillary reactions and its 
application in occupational hygiene. Russian 
Journal of Occupational Health and Industrial Ecology. 
2017;(9):17-18. (In Russ.)

3.	 Bokov T. Yu., Suchalkina A. F., Yakusheva E. V., 
Yakushev A. G. (Moscow, Russia). Mathematical 
modelling of vestibular nystagmus. Part I. 
The statistical model. Russian Journal of Biomechanics. 
2014;18(1): 40-56. Available at:  
http://vestnik.pstu.ru/biomech/
archives/?id=&folder_id=3477

4.	 Kruchinina. A. P., Yakushev A. G. Parametrization 
of saccade trajectories. Moscow Univ. Mech.Bull. 
2018;73: 97–100. DOI:10.3103/S0027133018340052

5.	 Shtefanova O. Yu., Yakushev A. G. Quality criterion 
for visual tracking under nystagmus. Bulletin of 
Moscow University. Series 1. Mathematics. Mechanics. 
2008; (4):63 - 65. (In Russ.)

6.	 Bowater M. The experience of a rural general 
practitioner using videoconferencing for 
telemedicine. Journal of Telemedicine and Telecare. 
2001;7(2):24-25. DOI: 10.1258/1357633011937038

7.	 Goldberg D. E., Sastry K. Genetic Algorithms: The 
Design of Innovation. 2nd edition. Springer. 2010. 
336 pp. Available at: https://link.springer.com/
content/pdf/bfm%3A978-1-4757-3643-4%2F1.pdf

8.	 Skodras E., Fakotakis N. Precise localization of 
eye centers in low resolution color images. IVC. 
2015;(36):51-60. DOI:10.1016/j.imavis.2015.01.006

https://eyepress.ru/0001410/FR2013.pdf
http://vestnik.pstu.ru/biomech/archives/?id=&folder_id=3477
http://vestnik.pstu.ru/biomech/archives/?id=&folder_id=3477
https://link.springer.com/content/pdf/bfm%3A978-1-4757-3643-4%2F1.pdf
https://link.springer.com/content/pdf/bfm%3A978-1-4757-3643-4%2F1.pdf
https://doi.org/10.1016/j.imavis.2015.01.006

