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Abstract

The paper presents a portal developed for remote rehabilitation of patients with various neurological pathologies. The distinctive
features of the developed system as compared with the existing ones are: the possibility of patient communication with the
attending doctor, timely updating of the patient’s individual trajectory of rehabilitation, control of the rehabilitation results through
online monitoring of the patient’s health condition by the video recording function integrated into the system, rehabilitation
opportunities for patients in outlying areas of the Krasnoyarsk Territory. The software implementation of rehabilitation is based
on proprietary medical methodologies developed at the Department of Nervous Diseases with a course of medical rehabilitation
for postgraduate education at Krasnoyarsk State Medical University named after V.F. Voyno-Yasenetsky (Scientific Supervisor
is MD, Professor S.V. Prokopenko). The paper pays special attention to the functionality of the remote rehabilitation system for
the users with the roles: “Doctor”, “Patient” and “Administrator”. Screenshots of the portal are presented. The system is a classic
Web application built on free software. The presented work can be useful to neurorehabilitation specialists of the Krasnoyarsk
Territory and to specialists throughout Russia. The proposed information system can be also used for patients’ rehabilitation
exercise training of doctors and nurses.
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AHHOTAIUA

Pa3paboran mopras JUCTAaHIMOHHOW peadMIUTALUK MALUEHTOB C Pa3IMYHBIMU HEBPOJIOIMYECKUMH MaToiIorusMu. OTInyu-
TEJIbHBIMHA 0COOCHHOCTSIMH Pa3padOTaHHON CHCTEMBI IEPE CYIIECTBYOIMMH SBISETCS: BOZMOKHOCTH KOMMYHHKAIIMH TTALU-
€HTa C JIeYalM BPauoM, CBOCBpEeMEHHAasl KOPPEKTUPOBKA WHANBUIYaTbHON TPACKTOPUH PEAOMINTALNH AEHTa, KOHTPOIIb
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PEe3yNbTaToB peaduIMTAlNK ITyTEeM OHJIAHH-MOHUTOPUHIA COCTOSTHUS 3/I0POBBSI MALMEHTA C TIOMOIIBI0 BCTPOSHHON B CHCTEMY
d)yHKL[I/II/l 3alMcu BUJICO, CO3AaHUC BO3MOXHOCTHU peaGI/mnTaunu JUIA TTIAIIMCHTOB B OTAAJICHHBIX TOYKaAX KpaCHOﬂpCKOFO Kpasd.
[IporpaMmuas peanuszanus peabmwintannu 0a3upyeTcst Ha aBTOPCKUX MEAUIIMHCKUX METOINKAX, pa3paboTaHHBIX Ha Kadenpe
HEpPBHBIX O0NE3HEH ¢ KypcoM MEIMIMHCKON peadMIuTaMy MOCIeIUITIOMHOT0 00pa3oBanus KpacHOSpCKOro rocyiapcTBeH-
HOTO MEAMIMHCKOTO YHHBEpCHUTEeTa M. mpodeccopa B.D. BoitHo-fcenernkoro (Hay4HbIl pyKOBOIUTENb A.M.H., Ipodeccop
C.B. IIpoxomnenxo). [Toka3ans! QyHKIIMOHATEHBIC BO3MOXKHOCTH PAaOOThI CHCTEMBI AUCTAHIIMOHHON PeabnInTauy 1030~
Baresieil ¢ pomsiMu «Bpauy, «[lamuent» u «Aqmuauctparopy. Ilpencrasiens! CKpHHIIOTH nopTana. CucreMa IpecTaBisieT
co0oii Kiraccuueckoe BeO-IPUIIOKEHNE, TIOCTPOSHHOE Ha CBOOOJHOM IporpaMMHOM obecrieuenun. IIpencrapiennas padora
MOKeT ObITh nose3Ha HelipopeabunnTonoram KpacHosipckoro kpast u crenuanictam 1o sceil Poccun. IpenyoxkeHnyto un-
d)OpMaLU/IOHHy}O CUCTEMY MOXHO HCIIOJIB30BaTh TAKXE IJIA 06y'—{€Hl/I$[ Bpal{ef/i U MEIACECTEP pPa3IMYHbIM YIPAXKHCHUAM JJIA
peabuauTalK TaIEeHTOB.

KaroueBsbie ci10Ba

JMCTaHIIMOHHAs peabunuTams, Heiipopeabuurarys, HHPOPMAIMOHHAs CHCTeMa, GYHKIMH HH)OPMALMOHHOM CHCTeMBI, 6a3a
JAHHBIX, JOMAIIHAS PeadUINTALHS, HHPOPMAIIMOHHO-KOMMYHHUKAIIHOHHBIC TEXHOJIOTHH

baaronapHocTu

[Ipoekt AucTaHIMOHHOW noMamIHel Helipopeadbunurannn «Heipollom» monaepxan rpanToM «KpacHOSIPCKOTO KpaeBoro
(hoHIa moANep KK HAyYHOH M HAyYHO-TEXHUUYECKOI fnestenpHocT» (kom: 2018042003718) B pamkax mposenenns Konkypca
HayYHO-TEXHHYECKUX MCCIICIOBaHUH, pa3pab0TOK, NHHOBAIIMOHHEIX ITPOTPaMM H HPOEKTOB ISl 00eCTICUeHNsI KOHKYPEHTHBIX
MIPEUMYIIECTB YIKOHOMHKN KpacHosipckoro kpasi.

Introduction

Every year, the introduction of information and communication technologies improves the efficiency and
quality of work in the health sector. The developed systems are used in the field of laboratory service automation,
advisory computational diagnostics and the choice of treatment tactics, monitoring of a patient’s condition, scientific
research, in the educational process and the other areas [1].

In order to achieve high-quality recovery from diseases or injuries of the nervous system functions, it is
necessary to carry out rehabilitation measures prescribed by a doctor for a long time. These prescriptions often do
not fit into the inpatient treatment.

Existing information systems for remote rehabilitation either lean towards the use of equipment, or do not
have support in the Russian Federation, or do not cover the whole range of the functionality presented below.

The information system considered in the article belongs to a new field of research — telemedicine, and is the
first software development of the proprietary medical methodology (S.V. Prokopenko et al., Russian Patent 2013). The
system, implemented as a web portal, contains a set of remotely prescribed rehabilitation video exercises by a doctor,
provides for feedback from patients, accumulating statistical information on patients, etc. This functionality will be
presented in more detail below and has not been previously implemented in the other similar information systems [2].

The operation of any information system consists of such steps as data-in, processing input information
and presenting it in a convenient form, data-out for presenting to the consumer, providing feedback. So we list the
following project tasks:

1. Combine, into a single methodology, proprietary and well-known rehabilitation methods aimed at motor
function recovery, intellectual activity, fine motor skills, balance and walking for patients with neurological and
orthopedic pathology.

2. Develop an adaptive design of the NeuroDom Internet portal [3].

3. Design and develop a database that will provide secure storage of personal data. All stages of patient
rehabilitation will be stored in this database, also as medical scales; the handbook of the International Classification
of Diseases will be connected to it [4].

4. Create a video-series of exercises describing the anatomy of the joints and muscles, the operating
technique, the functional component of each exercise.

5. Develop algorithms that implement the technology of information collecting, storing, processing and presenting.

6. Code and program the portal to place the site files on the servers.

7. Fill the portal with information: text, graphics, video, photos, etc.

8. Perform testing of the “NeuroDom” portal on real data.

The work performers of the project are Reshetnev Siberian State University of Science and Technology
(SibSU named after M.F. Reshetnev) and Krasnoyarsk State Medical University named after V.F. Voyno-Yasenetsky
(hereafter — KrasSMU).

Description of the patients’ rehabilitation process using
the “NeuroDom” information system

After the patient has undergone the initial period of rehabilitation in the hospital, the doctor can assess his
health condition using medical functional scales [5, 6], with the application of the information system functionality.
Next, the doctor prescribes the rehabilitation complex of exercises on the “NeuroDom” portal. Exercises are
presented in the form of video clips and are based on the copyrighted medical methodologies, which are developed
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at the Department of Nervous Diseases with a medical rehabilitation course of postgraduate education at KrasSMU
named after V.F. Voyno-Yasenetsky (Scientific Supervisor is MD, Prof. S.V. Prokopenko) [7].

Fig. 1 presents a diagram of use cases that describes the relations and dependencies between users (patient,
doctor, technical support) involved in the rehabilitation process [8].

EEN %<% &9?%’*0

Site setting
Q Administrator
Ask questions
Site upgrade
-'; / Usg:nt. <<include>> Patient data entry Answer questions :‘ >_\
AT C e oy T
; - - name
Patient :'«include» O View feedback ) S - category
: ; Filling in feedback - position
- year of birth : & : - medical institution

- phone number

e © C)L wndude> st
~iS8K . Rehabilitation process. =<include=> : O
- anamnesis - . . : = )
SRR s<include>> A O Providing treatment information y Enter patient information
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é Satng O : Control of rehabilitation results

Performing exercises Work with a list of exercises
Scale

Fig. 1. General use case diagram

The database is implemented in such a way that it would be possible to ensure the security of personal data
storage. Two servers are used for the system. One server is used for storing personal data within the network and
the main server is aimed for storing data and using the system on the Internet.

The system activity is carried out using browsers such as Mozilla Firefox, Google Chrome, etc.

The system has a mechanism for registering and authenticating users, based on entering the correct combination
of username and password. Thus, the separation of functionality according to access rights is achieved for:

1. Doctor;

2. Patient;

3. Administrator.

The user’s functionality with the role of a “Doctor” allows accessing the exercise management interface:
viewed, added new, modified, deleted, grouped exercises into categories (Fig. 2).

Heilpo Dom

SN2 ilitati
é{éj 5% Remote neurorehabilitation portal
Home Feedback Patients Exercises history Contacts

Exercise management

Toadd ~

Show ten v records

name of category Actions

v Exercises aimed at restoring the function of fine motor skills.

~  Exercises aimed at restoring the function of movement

Preview Exercise name Actions

* Exercise lft legs back using fitness gum standing
I

* S T T T
|

* Exercise on the rise of the leg forward using fitness gum standing

Fig. 2. The exercise list

Hay4yHO-TEXHNYECKNIN BECTHUK MHDOPMALMOHHbBIX TEXHOAOMMIA, MEXAHUKN U ONTUKMN,
2019, Tom 19, Ne 5 927



REMOTE NEUROREHABILITATION PORTAL FUNCTIONALITY

The doctor has an access to view a list of all patients. Each patient is attached to his own attending doctor,
who has the right to change his personal data, unlike the other doctors.

The doctor indicates the number of days and the time for the complex of exercises, in the process of
prescribing a course of exercises (Fig. 3). A graph is plotted based on the completed and unfulfilled exercises with
relation to a predetermined period of time.

The menu item “Feedback™ displays a list of conversations with patients and the number of unread
messages. This functionality is designed for communication between a doctor and a patient with text messages
and attachments, such as pictures and recorded videos. The function of video recording and sending is added in

the presented system.

Heiipo DoM

PR e -
é%i/ Al 7% Remote neurorehabilitation portal
Home Feedback Patients Exercises history Contacts

Assigning exercises to the patient t000004

(o e s e

Start date
27.06.2019
Obligatory field
Completion date
27.06.2019
Obiigatory field

Exercises

1 Assignable exercise

Pendulum swing

lead time 30 Specify in seconds

Siberian State University of Science and Technology named after Krasnoyarsk State Medical University named after professor
academician MF Reshetnev V.F.Voyno-Yasenetsky

Fig. 3. Prescription of the exercise set

The menu item “History of actions” displays a list of all patients’ actions that can be filtered by date, patient,
action categories (Fig. 4).

Heiipo Dom

S P
%] 5 Remote neurorehabilitation portal
Home Feedback Patients Exercises history Contacts

History of action

start date 01062019
expiration date 27.06.2019
A patient
Category
Show ten v records
date | Apatient Category Act
2019-06-27 1000003 System Login
12:44:05
2019-06-26 1558963715  Exercise exercises Did not start the exercise "Pendulum-like movements of the body forward and back”
23:59:02
2019-06-26 1558963715  Exercise exercises Did not start the exercise "Balance on one foot"
23:59.02
2019-06-26 1558963715  Exercise exercises | didn’t start the exercise "Balance when setting legs along one line"

23:59:02

Fig. 4. History of actions

The user’s functionality with the role of a “Patient” allows accessing to a personal account where the personal
information can be edited, photos can be added, as well as the history and schedule of exercises is shown.
When the patient enters the menu item “Exercises”, he sees the list of exercises for today with a description

and a video instruction how to do it (Fig. 5).
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Exercises for today

Exercise number 1@  Exercise number2@  Exercise number 3 @

To begin

Pendulum swinging arm

Initial position: sitting on a chair, deflect the torso
to the left, the left arm straightened and relaxed.
Perform pendulum swinging with your relaxed,
sore arm back and forth. If you experience pain
numbness, feelings of excessive fatigue, stop the
exercise to improve your health

Fig. 5. Performing an exercise

Before starting the exercise, you should enter the blood pressure and pulse. After entering the data, the
video will start, and the patient can perform the exercise. After finishing the exercise, the patient can click on
the “Completed” button and the exercise will be reckoned as completed or “Could not be completed” and then a
window will open in which you need to enter a comment about the problem with the exercise, which will be sent
to the doctor.

The user’s functionality with the role of an “Administrator” allows accessing to:

— the content management of the portal that gives the possibility to edit the pages of the site, register and
edit users with the roles of a “Doctor” and a “Patient”;

— management of security and access rights;

— management of scales and neurological status with the possibility to add new and edit existing scales.

The information system is designed in such a way that new scales can be connected to it without changing
the source codes and database structure.

Automated data collection of users’ actions is realized, and then can be processed and retrieve statistical data.

Linux CentOS 7 is used as a server operating system and PostgreSQL — as a database. The system is
implemented in PHP7, using the Symfony 3 framework [9]. On the front-end of the application, the Twitter Bootstrap
[10-12] framework is used in conjunction with the jQuery library [13, 14], using HTMLS5 and CSS3 [15, 16].

Conclusion

The authors presented the functions of the “NeuroDom” information system by describing the users’ options
with the roles: Doctor, Patient and Administrator.

The information system is designed to create continuous rehabilitation at home with the implementation of
feedback from the doctor; also it gives the possibility to create and carry out online monitoring of the individual
rehabilitation trajectory of patients living in outlying areas of the Krasnoyarsk Territory, which will reduce the
level of disability.

The following tasks were implemented in the course of this work: the design of the portal was developed;
the database was designed and developed; a video-series of exercises with the description of the joints and muscles
anatomy was created, the technique of execution was designed; code and programming of the portal was finished;
content was filled; site files are hosted on KrasSMU servers.

The information system is designed in such a way that new scales can be connected to it without changing
the source codes and database structure.

Automated data collection of user actions has been implemented. This data can be processed to get statistics.

The portal has been implemented and is at the stage of testing and preparation for the adoption into the Prof.
Clinic of Krasnoyarsk State Medical University named after V.F. Voyno-Yasenetsky.
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