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Abstract: In this article, we present the results of comparing the out-
comes of digital biomicroscopy of the eye vs. the background of original 
questionnaires for examined professional education students. Ques-
tionnaires detected no complaints in surveyed patients, which implied 
sufficiently high quality of their psychophysical condition. After the sur-
vey, their examination was conducted with a hardware-and-software 
appliance for digital biomicroscopy of the eye. The obtained results 
objectively evaluated the psychophysical condition of the subjects. The 
presented method allows for an opportunity of dynamic monitoring and 
comparison of obtained results. In existing epidemiological conditions, 
the possibility of remote examination is of particular importance.

Keywords: digital biomicroscopy, health monitoring, hardware-and-
software appliance, pupillary responses, range of eye movement, 
telemedicine.

Introduction
Much attention is paid to the training of specialists in the system 
of professional education [1]. This is due to high expectations re-
lated to personal and professional qualities of future specialists [3]. 
Organization of medical examinations by educational institutions is 
regulated by the Labor Code of the Russian Federation. It is possible to 
identify health disorders in students only if they undergo regular med-
ical examinations [2, 4]. The latter are carried out in order to identify 
the symptoms of exposure to harmful and/or hazardous production 
factors, conditions and diseases.

Health condition in students is influenced by many factors – in par-
ticular, by various somatic diseases, psychophysical fatigue, and use 
of psychotropic drugs. The equipment of examination rooms does not 
always ensure an adequate accuracy of diagnosis [5, 6, 7].

Our study aimed at analyzing the effectiveness of using digital biomi-
croscopy of the eye for comprehensive diagnostics and health moni-
toring in students in professional specialized education students. 
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Materials and Methods
Digital biomicroscopy of the eye is a non-inva-
sive, safe procedure, based on digital methods of 
studying multiple indicators of the psychophysical 
condition of a student. The service includes ques-
tionnaires and methods of objective examination of 
indicators implying the presence of fatigue, inflam-
matory diseases, along with identifying the signs 
of drug and alcohol intoxication. For this purpose, 
high-precision sensors and diagnostic algorithms 
are used. The data based on survey results are ar-
chived, and are subject to comparative analysis. 
Both hardware and software are original, patent-
ed, and protected from falsification and unautho-
rized copying of information. This is provided by 
the methods of user identification by the iris of his 
or her eye.

The main goal of creating this service was to pro-
vide motivation for a healthy lifestyle, professional 
advancement, and monitoring of a student health 
condition. 

The hardware-and-software complex of digital bio-
microscopy of the eye, Zenitsa 001, was used in our 
study. According to the technical requirements, the 
appliance provides the following functions: obtain-
ing data from digital biomicroscopy of the anterior 
eye segment with the ability to process the collected 
data in order to detect deviations of health indi-
cators from the norm. The device is equipped with 
alcohol sensors to determine ethyl alcohol vapor 
concentrations in exhaled air.

This appliance allows using the following proce-
dures:

 Initial survey about a subject’s health condition;

 Identification of a subject by the iris;

 Analysis of pupillary responses;

 Determination of the redness level of the eyes;

 Identification of the eye movement ranges.

The hardware component of the complex has an 
ability to operate both from a 5V DC power supply 
and from a built-in battery. The duration of con-
tinuous operation of the device from a fully charged 
battery is six hours.

The device is controlled and data is transferred via 
the Internet. The hardware-and-software complex 
has two operating modes: manual and automat-
ic. By default, when the device is turned on, auto-
matic mode is active. To switch between the modes, 
it is necessary to press the corresponding button. 
Operability check of the blocks is carried out at the 
beginning of the device use by the ‘Check’ program.

Research Procedure Description

Structure of surveyed groups and inclusion criteria:

 Students over 18 years old (randomly selected) 

 Group size = 19 students.

Participant selection was made on a voluntary ba-
sis. All students meeting the inclusion criteria were 
asked to participate in the study. All those meet-
ing the inclusion criteria and willing to participate 
signed Voluntary Informed Consent to the Medical Care 
Provisioning within the Framework of Clinical Testing 
of the Methods of Prevention and Diagnostics.

Study algorithm

 Initial survey on the condition of a subject

 Identification of ah examinee by the iris

 Analysis of pupillary responses

 Determining the level of eye redness 

 Identifying the range of eye movements.

The study was carried out twice per day: before and 
after the classes. All medical examinations were car-
ried out in a sitting position. After immobilizing the 
face of a subject, in accordance with the User Guide, 
we selected the sequence of examining the right eye, 
followed by the left eye. We used different lighting 
options in the order specified by the software. The 
results were saved in the form of a recorded origi-
nal file, and a medical report based on the analysis 
results.

Additional information

 Instructions in case of possible deviations from 
the protocol;
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 Individual instructions for investigators on the 
protocol implementation;

 Descriptions of specific research methods;

 Normal values (reference ranges);

 Instructions for the subjects.

The questionnaire was used by all subjects. The an-
swers were given over the Internet communication 
channel via marking the corresponding options. The 
initial stage included a survey of a student in order 
to determine his or her psychophysical condition. 
We developed an Internet questionnaire available 
at http://intemsys.ru. The list of questions com-
plied with existing standards. Answers were given 
sequentially, with the possibility of a quantitative 
assessment. Below are the sample fragments of the 
questionnaire.

Excerpts from the Questionnaire:

Choose you answer options:

1. Do you have any health complaints?
 No
 Yes:

- Pain 
- Dizziness
- Weakness
- Impaired vision
- Other (specify).

2. How long did you sleep last night?
 Over 8 hours
 6-8 hours
 Less than 6 hours.

3. How do you rate your sleep?
 High-quality, continuous sleep
 Sleep disorder, difficulty falling asleep
 Waking up at night.

4. Did you consume consumed alcoholic beverages 
in the past 24 hours?

 Yes
 No.

Increased Excitability

Weak

Moderate

Next >

Pronounced

None

Figure 1. Analysis of responses in a patient medical record
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Figure 2. Telemedicine examination procedure Figure 3. Pupillary responses

Feeling oneself excellent. Slept 6-8 hours. High-quality, 
uninterrupted sleep, no difficulty falling asleep. Did not 
consume alcoholic beverages, stimulants or high-potency 
medications in the past 24 hours. Consider myself ready for 
implementation of professional activities. MEDICAL REPORT: 
normal condition based on the questionnaire. Ready for 
professional activities.

Feeling oneself excellent. Slept 6-8 hours. High-quality, 
uninterrupted sleep, no difficulty falling asleep. Did not 
consume alcoholic beverages, stimulants or high-potency 
medications in the past 24 hours. Consider myself ready for 
implementation of professional activities. MEDICAL REPORT: 
normal condition based on the questionnaire. Ready for 
professional activities.

118

117

116

115NEW

NEW

NEW

NEW Norm

Norm

Norm

Norm

NormNEW 114

+79779052547

+79771794722

+79773017692

+79153172697

+79203090477

15.06.2021
8:17:29

15.06.2021
8:16:32

15.06.2021
8:15:30

15.06.2021
8:15:08

15.06.2021
8:10:29

Feeling oneself excellent. Slept 6-8 hours. High-quality, 
uninterrupted sleep, no difficulty falling asleep. Did not 
consume alcoholic beverages, stimulants or high-potency 
medications in the past 24 hours. Consider myself ready for 
implementation of professional activities. MEDICAL REPORT: 
normal condition based on the questionnaire. Ready for 
professional activities.

Feeling oneself excellent. Slept 6-8 hours. High-quality, 
uninterrupted sleep, no difficulty falling asleep. Did not 
consume alcoholic beverages, stimulants or high-potency 
medications in the past 24 hours. Consider myself ready for 
implementation of professional activities. MEDICAL REPORT: 
normal condition based on the questionnaire. Ready for 
professional activities.

Feeling oneself excellent. Slept 6-8 hours. High-quality, 
uninterrupted sleep, no difficulty falling asleep. Did not 
consume alcoholic beverages, stimulants or high-potency 
medications in the past 24 hours. Consider myself ready for 
implementation of professional activities. MEDICAL REPORT:

Figure 4. Range of eye movement

5. Did you use any stimulants or high-potency med-
ications in the past 24 hours? 

 Yes
 No.

6. Do you have increased excitability? 
 Weak
 Moderate
 Pronounced

 None.

Responses to test questions were given directly by 
students. Accordingly, they were responsible for 
their accuracy. Responses were analyzed, and a re-
porting form was generated in text format and in the 
form of a graph for every participating student. In 
case of positive answers, students were sent for ex-
amination. Discrepancies between their statements 
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and an objective picture, served indications for 
medical examination.

The range of eye movements and pupillary respons-
es made it possible to collectively assess the neuro-
psychiatric condition of every student.

Redness of the eye was classified as a red eye syn-
drome, indicating inflammation in the mucous 
membranes, or an increase in either blood or intra-
ocular pressure. In the presence of such symptoms, 
the student was offered to undergo an additional 
medical examination. 

The results were archived in the patient’s folder. If 
there were deviations in the results from the physi-
ological norm, then a message was generated to the 
medical worker in charge. If necessary, confirmation 
of the psychophysical condition was determined by 
conventional examination methods (medical tests, 
examination procedures). 

Analysis of Obtained Results
Redness degree:

Redness area: R-9 %, L-6 %

Localization: R-I, L-IV

Maximum amplitude: 
R - Amax=5 mm, L - Amax=5 mm;

Minimum amplitude: 
R - Amin=2 mm, L-Amin=2 mm;

Range of changes: 
R - dA=3 mm, L - dA=3 mm;

Response speed:  
R- V=1 mm/s, L - V=1 mm/s.

Restrictions on the meridians: none

Conclusion
According to questionnaire summaries, no com-
plaints were detected in surveyed patients. The 
latter possessed a good level of psychophysical 
condition. After the survey, an examination was 
carried out using a hardware-and-software ap-
pliance for digital biomicroscopy of the eye. The 
obtained results were objective: they collectively 
assessed the psychophysical condition of the sub-
ject. The method presents a possibility of dynamic 
monitoring and comparison of obtained results. 
In existing epidemiological conditions, the pos-
sibility of remote examination is of particular im-
portance.
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