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MOBILE SYSTEM FOR THE PATIENT'S 
MOTOR FUNCTIONS STATE DIAGNOSTICS 
  

Introduction. The diagnostics of motor functions state plays an important role both as a result of the 
central nervous system impairments (stroke etc.) and as a result of injuries, traumas etc. As mobile 
devices expand the possibilities of modern medicine, the actual task is the synthesis of an effective 
mobile system for the motor functions state diagnosing at various stages of rehabilitation. 

The purpose of the paper is to develop a mobile system for personalized motor func-
tions diagnostics for recovery of motor functions and speech motility, which functional capa-
bilities contribute to the rehabilitation effectiveness increasing and usability both in clinical 
and home conditions, as well as in the fields conditions. 

Results. The motor and speech functions recovery in patients both after affection of the central 
and peripheral nervous system, as well as after injuries and traumas, in particular not only in 
clinical, but also in home and field conditions, makes requirements for personalization, mobility, 
ease of perception and usability of information given to the user. 

According to the requirements, the interface of mobile system for the motor function di-
agnostics was developed: set of user tasks was defined, scenario was developed for the pa-
tient to test own motor functions within the mobile system. The relation database’s infologic 
model has been developed for the storage and accumulation of patients’ motor functions data 
and following analysis by a physician. 

The algorithm for personalized motor functions diagnosing has been developed. It is 
based on expanded range of evidence criteria without taking into account by known ana-
logues. The algorithm is implemented in the MovementTestStroke 1.2 mobile system with 
taking into account the interface and relation database. Such a system provides objectifica-
tion of assessment, reduction of the probability of a physician's error and urgency in diag-
nostic and treatment decision-making, provides necessary and sufficient information to the 
user in a convenient digital and graphical forms, simplifies for the physician the motor func-
tions state analyzing and the personalized treatment strategy creating. 

Conclusions. The mobile system MovementTestStroke 1.2 for motor function diagnostics can 
be used in clinical and home conditions to assess the motor functions state affected by central nerv-
ous system pathologies. With some system’s modification based on additional research it can be used 
to assess the state of motor functions affected also by injuries and traumas. This creates the basis for 
personalized, mobile, urgent diagnostic and treatment decision-making by the physician. 

Keywords: diagnostics, motor functions, quantitative assessment, criteria, algorithm, soft-
ware system, mobile system, stroke, injuries 
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INTRODUCTION 

Movement activity is an extremely important factor in the creation, preservation 
and recovery of health. The movement activity disorders occur in people both as 
a result of the central and peripheral nervous system impairments (stroke, cere-
bral palsy, neuropathy etc.), and as a result of injuries, traumas etc. Also the 
speech disorders, among which motor aphasia is the most common, occupy a 
significant place as a result of such impairments [1–3]. 

Full rehabilitation of motor and speech functions is associated with the mo-
bilization of the patient’s reserves, which is adequate to the patient’s state, to 
recover these impairment or lost functions. Therefore at all rehabilitation stages 
the diagnostics (quantitative assessment) of motor functions state as well as their 
recovery effectiveness, in particular for the creation of a personalized treatment 
strategy, plays the important role [4, 5]. It is emphasized that such a diagnostics 
is important not only for patients after a stroke or with impairments of the pe-
ripheral nervous system, as well as in the case of injuries [6] and the usage of the 
quantitative diagnostics methods of the motor functions state can play an impor-
tant role in a physician’s decision-making assisting in the monitoring for person-
alized recovery progress of these functions and the planning of necessary actions 
in its controlling [7]. 

The wide access to mobile devices affects on digital medicine development, 
so the usage of mobile systems in modern medicine is perspective. It is noted 
that mobile devices can expand the possibilities of making the diagnostic and 
treatment decisions by a physician [8, 9]. Mobility means not only the imple-
mentation on the mobile platforms basis, but also the convenience of obtaining 
the necessary and sufficient information for the urgent making the diagnostic 
and treatment decisions by a physician. 

After the completion of the patient’s general rehabilitation in clinical condi-
tions, the patient’s treatment in most cases continues at home under the supervi-
sion of a physician, so mobile diagnostics systems may be used by the patient. 

It should be noted, that since many people are being injured in wartime, a 
physician need to monitor the patient's recovery process within the motor func-
tions rehabilitation, in particular, to diagnose the motor functions state of ex-
tremities in order to adjust the rehabilitation strategy. Therefore, in these condi-
tions mobile means of motor functions diagnostics have also a place, as they 
enable to a physician the urgent decisions-making. 

Therefore, the synthesis of an effective mobile system for diagnosing the 
state of motor functions at various stages of rehabilitation is an urgent task. The 
solving of this actual problem requires the usage of the methods and means of 
digital medicine and their further development. 

PROBLEM STATEMENT 

In world practice, the various methods and tools are used to diagnose the patients’ 
motor functions. The method of three-dimensional motion capture is widely used in 
the practice for motor functions assessment [5, 7, 10]: for this purpose the sensors-
markers are placed on certain areas of the patient's extremities. Movements are cap-
tured by the camera, and after that the results are processed by appropriate algorithms. 
There are also complexes for motor functions assessment, where the movements fixa-
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tion is used with the help of hybrid sensors that combine the functions of an electro-
myogram recording, an accelerometer and a gyroscope [11–14]. 

In these mentioned systems for the motor functions assessment the emphasis is 
mostly on the motor disorders assessment of the upper extremity [7, 11–13]. For the 
tasks of further motor functions rehabilitation it is necessary to obtain a larger number 
of parameters, as well as taking into account the fine motor skills of the hand, the low-
er extremity and the gait. It should be noted that complex mobile sensors, which are 
placed on the patient's extremities to record the signals, are not always available for 
clinics in Ukraine. 

The instrumental methods are used to assess the motor functions state: dyna-
mometry — to determine muscle strength, goniometry — to determine the move-
ments’ volume, myotonometry - to determine the muscle tone [15], as well as test 
methods of expert assessment. Since appropriate instrumental assessment methods are 
not available for every clinical institution of Ukraine, and, in particular, the dynamom-
etry method is difficult to apply for weak muscles [15, 16], the test methods of expert 
assessment of motor function state by evidence criteria are used practical and afford-
able for the study of quantitative diagnostics of motor functions. 

As a result of the analysis of methods and tools of expert assessment of mo-
tor functions, the following should be highlighted: 

1. Rivermead Motor Assessment. The motor functions assessment of the 
upper and lower extremities, as well as the trunk on a two-point gradation as the 
patient performs the tests. 

2. Motricity Index. The motor functions assessment of the upper and lower 
extremities. The scale has an uneven gradation in points [17]. 

3. Fugl-Meyer Stroke Scale. Contains points for evaluating motor functions: 
motor speed, sensitivity, balance, range of motion in the joint, pain in the joint. 
Each item has an uneven points’ gradation. 

4. Motor Activity Log. The upper extremity is assessed on a six-point scale 
as the patient performs the tests. The scale is aimed at assessing the patient's 
ability to perform the appropriate tests. 

5. Wolf Motor Function Test (WMFT). The patient's attempts to perform 
the movements by upper extremity are assessed on a six-point scale [18]. 

6. The Stroke Impairment Assessment Set (SIAS) scale for assessing the 
motor, sensory and movement impairments using the patient's performance of 
appropriate tests. The scores for each item are added to the total score. In par-
ticular, this method requires certain instrumental support [19]. 

7. A quantitative assessment scale with a nine-point gradation based on the 
Medical Research Council scale and manual muscle testing are used. 

8. The Berg Balance Scale and National Institutes of Health Stroke Scale 
are of neurological direction. They have the nature of a questionnaire, and in 
addition to the items responsible for the movements state, they contain items 
related to neurological reflexes, level of consciousness, self-care. 

The complexes for motor functions assessment have been developed, in 
which the patient performs tests according to appropriate scales [20–22] and the 
assessment is carried out using statistical methods. These systems give a gener-
alized result to the motor functions assessment. 

As we can see, such test scales are used to assess the motor functions, how-
ever, either their focus is only on the upper extremity, or the uneven gradation of 



Mobile System for the Patient's Motor Functions State Diagnostics  
 

 

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print).  Cyb. and Comp. Eng. 2022.  № 4 (210) 83

the scales, or the nature of the scale does not enable the scales to be fully applied 
for the purposes of creating the movement rehabilitation strategy. 

It should be noted that within the analysis, the presence of mobile tools for 
the patient's motor functions diagnosing, which are developed in global practice, 
was not observed. 

As a result of such an analysis, in previous studies [15], the main and additional 
evidence criteria with the appropriate assessment scales, which have the same six-
point gradation and are compared with the scale of paresis dynamics (it is convenient 
for creating a total quantitative assessment) are chosen for the movement disorders 
state assessment. On the basis on expert assessment by these criteria the technique for 
motor functions state quantitative assessment has been developed [15, 23]. The appro-
bation of this technique confirmed its advantages and expediency of the usage in clini-
cal practice [2, 15, 23]. On the basis of the technique the software system Movement-
TestStroke has been developed to assist a physician in motor functions state assess-
ment and decision-making on rehabilitation [24]. It was tested in the conditions of 
patients after a stroke. The software expands the technique for motor functions quanti-
tative assessment in terms of detailed assessment of fine motor skills of the hand, but 
does not take into account the possibility for monitoring the patient at home, as well as 
convenient presentation of information to the user (physician and patient), and accu-
mulation of results for further analysis. This is especially necessary for application in 
the field conditions to monitor the motor functions state after injuries and traumas. 

The purpose of the paper is to develop a mobile system for personalized motor 
functions diagnostics for recovery of motor functions and speech motility, which func-
tional capabilities help to increase the rehabilitation effectiveness and the usability 
both in clinical and home conditions, as well as in the field conditions. 

The object of the research is the patient's motor functions state diagnosing, 
and the subject is a mobile information user-assistance system for personalized 
motor functions diagnosing for recovery of motor functions and speech motility in pa-
tients with impairments of the central and peripheral nervous system, as well as 
after injuries and traumas. 

According to the specified purpose, the research is aimed at developing and 
implementing the algorithm of informational assistance in motor functions diag-
nosing for recovery of motor functions and speech motility, in particular to enable the 
patient to control own motor functions at home and to accumulate the results of 
these functions dynamics in patients. 

The motor and speech functions recovering of both patients with impair-
ments of the central and peripheral nervous system, as well as after injuries and 
traumas, in particular not only in clinical, but also in home and field conditions, 
puts forward, in addition to the requirement for personalization, which is gener-
ally accepted in modern medicine, as well as requirements for mobility, urgency, 
ease of perception and usability of the information provided to a physician for 
making the diagnostic and treatment decisions. 

Therefore, according to the requirements and the specified purpose, the task 
is to develop the interface of the software system for motor functions diagnos-
ing, a relation database (DB) for storing and accumulating the results of the pa-
tients’ motor functions dynamics and the urgent diagnostic and treatment deci-
sion-making by a physician, as well as an algorithm for motor functions state 
diagnosing with taking into account modified interface and relational database, 
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and to implement the algorithm in the mobile information assistance system 
MovementTestStroke 1.2 for motor functions diagnosing. 

THE INTERFACE OF MOBILE SYSTEM 
FOR MOTOR FUNCTION DIAGNOSTICS 

The software implementation of informational assistance in the motor functions 
diagnosing MovementTestStroke 1.1 [24] has the interface, which is intended 
for the physician’s usage in clinical conditions and is inconvenient for the usage 
by a patient at home. To eliminate this shortcoming the interface’s structure for 
the program of information assistance in the motor functions diagnosing has 
been modified. In the interface’s modification a set of user (physician and pa-
tient) interaction with the MovementTestStroke 1.2 mobile system is defined. 
This set is presented on the UML use case diagram (Fig. 1) [25]. 

The physician and patient perform authorization. The physician keeps the 
register of patients and analyzes the patients’ motor function results. And in 
return the patient performs motor function testing according to the instructions 
received from the physician, and enters them into the system. To enable the pa-
tient to control own motor functions, the scenario based on UML sequence dia-
gram, which reflects the time-ordered objects interactions, for the patient was 
developed in the structure of the mobile system’s interface (Fig. 2) [25]. 

 
Fig. 1.  UML use case diagram: set of user (physician and 
patient) interaction with the MovementTestStroke 1.2 
mobile system for motor functions diagnosing 
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When the patient enters the system, he is authorized with the password pro-
vided by the physician. The password is the number of the patient's medical 
card. After that the window with testing sessions numbers related to the dates is 
activated. And from each testing session the proceeding to the motor function 
testing windows is activated (Fig. 2). At the moment of testing window is acti-
vated by a patient, the drop-down list with motor function testing objects (ex-
tremities, joints, hand, gait) is only activated. 

Compared to the scenario for a physician in the previous software imple-
mentation MovementTestStroke 1.1 interface [24], the interface of the mobile 
diagnostics system for the patient is simplified. Such a simplification is aimed at 
the patient's consideration of only one movement testing object without distrac-
tion to all others. And it provides the usability by a specific patient at home. The 
drop-down list sets the evidence criteria and their number on the interface. So 
with the patient's selection of the testing object, the evidence criteria with con-
trol elements are activated. These criteria specify the proceeding to the fixation 
of information on the motor functions current state and the output of results 
(paresis degree) of the selected object. 

With the activation of the control element of the right evidence criterion, the 
program proceeds to selection of right verbal characteristic to match the motor 
function current state. When the patient selects the characteristic, the program 
returns, but instead of fixation element, a numerical value in points appears. 

After processing all evidence criteria of the selected test object, the paresis degree 
for this object is determined and is displayed on the interface. And if the selected ob-
ject is assessed not for the first time, its recovery effectiveness is determined. The 
results within the current testing object are stored in the database. 

In case of a patient's request for general results of motor functions testing, a 
sample by query from database is generated by the software. This sample in-
cludes information on the motor functions state level of the testing objects that 
were assessed. And for the dynamics the normalized results for the current test 
and the previous ones as a percentage in the form of a diagram are displayed. 
After completing all testing actions, the patient exits the program. 

The developed structure of the mobile system’s interface enables to apply 
the motor functions diagnosing at home, and the comparison in dynamics en-
ables to control motor functions by the patient independently or with the help of 
assistants. It is also perspective to simplify the motor function testing technique 
for usage by the patient at home. 
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RELATION DATABASE MODEL FOR THE MOBILE SYSTEM 
FOR MOTOR FUNCTIONS DIAGNOSTICS  

The usage of a file database in the software implementation MovementTest-
Stroke 1.1 for the information assistance in the motor functions diagnosing [24] 
does not contribute to the data usability and, moreover, complicates the further 
analysis of research results. Therefore, the infologic model of the relational da-
tabase was developed (Fig. 3) for storing and accumulating the patients’ motor 
functions data, and its following analysis by a physician. 

 
Fig. 3. Infologic model of the relational database for the mobile system for 
patient’s motor functions diagnosing 
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The database model consists of such table objects. 
1. The Files table contains the user's manual of the software information as-

sistance system for the motor functions diagnosing. 
2. The Patients table contains basic patients’ information: medical card number, 

date of admission (hospitalization), surname, name, patronymic, gender, age, physi-
cian (surname and name), patient’s additional information, as well as an additional 
field — the serial number of a patient in the table to read the information. 

3. The Likar table stores physicians’ data who manage patients, as well as the 
passwords by which the physician enters the software information assistance system 
for the motor functions diagnosing. The field related to a physician's surname has a 
connection with the corresponding field of the patients’ table (Patients). 

4. The Seans table contains the fields related to a patient's medical card number, 
session’s number, testing date, testing stage within the rehabilitation course, and the 
number of performed rehabilitation sessions. This table is purposed for managing 
sessions of each patient and linking the obtained results to each session. The patient's 
medical card number field has a connection with the corresponding field of the pa-
tients’ table (Patients). The appropriate fields of the results tables are linked to the 
fields of patient's medical card number and session’s number. 

5. Tables of results: S_Force, S_Volume, S_Ton, S_FMH, S_Gait store in-
formation appropriately on muscle strength, movements’ volume, muscle tone – 
for parts (joints) of the upper and lower extremities, the criteria for fine motor 
skills of the hand (in particular for monitoring recovery of oral speech) and gait 
assessment. The tables Summary, Pares, Eff, Flags store information appropri-
ately on the summarized results of motor functions state, the paresis degree, and 
the recovery effectiveness within rehabilitation process for the selected test ob-
jects (for the parts of upper and lower extremities, fine motor skills of the hand 
and gait). In all these tables the fields of patient's medical card number and ses-
sion’s number are linked to the appropriate fields of the session table (Seans). 

6. Table Comments for comments related to session stores comments that 
may be entered during a patient's motor function testing session. In this table the 
fields of patient's medical card number and session’s number are linked to the 
appropriate fields of the session table (Seans). 

The implementation of such relational database model in a mobile system 
for motor functions diagnostics will enable to store results at various stages of 
patients’ rehabilitation, and in the following to carry out an in-depth analysis of 
motor functions dynamics by software tools using. 

ALGORITHM FOR MOTOR FUNCTIONS DIAGNOSING 

The algorithm for personalized motor functions diagnosing for the purpose of their 
recovery, as well as, if necessary, speech motility recovery is presented (Fig. 4). 

At the first stage, the physician performs an expert assessment of the motor 
functions state according to evidence criteria. If the testing is carried out by the 
patient himself or his assistant, then the expert assessment is carried out by them 
according to the instructions received from the physician. The result of this stage 
is a set of verbal characteristics according to evidence criteria. 

At the second stage, the work is carried out directly with the mobile infor-
mation assistance system MovementTestStroke in the motor functions diagnos-
ing. The authorization of a physician or patient in the program takes place. 
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Fig. 4. Algorithm for motor functions diagnosing for their and speech motility rehabilitation 

The physician or patient selects the appropriate motor functions testing ob-
jects (extremity, joint, hand, gait) on the interface. The fine motor skills of the 
hand is diagnosed either in general or also, if necessary, to diagnose speech mo-
tility. Next the necessary evidence criteria for motor functions assessment are 
selected. In particular, the diagnositics is based on the usage of an expanded 
range of evidence criteria for diagnosing the extremities, gait and fine motor 
skills of the hand (indirect speech motility diagnosing), which is not taken into 
account by known analogues and is not amenable to visual assessment. 

With the selection of criteria, there is proceeding to the fixation of verbal 
characteristics for each evidence criterion — the program in the analytical unit 
converts them into numerical values in points and displays them on the interface. 
After completing the assessment for each evidence criterion for the testing ob-
ject, the program determines its paresis degree according to the summarized 
score (in points). And if the assessment of the selected object is not for the first 
time, the program determines its recovery effectiveness. 
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At the third stage, a conclusion is formed in textual and graphic forms. The 
text presentation contains the data of the current motor functions assessment in 
points with a description of verbal characteristics for each testing object accord-
ing to all evidence criteria. The graphic presentation is a table with data in 
points, as well as a diagram that shows in dynamics the normalized motor func-
tions level in percentages for all testing objects are evaluated during the course 
of rehabilitation. The patient receives only graphic information in the form of 
diagrams, and the physician receives all information. 

The algorithm of personalized motor functions diagnosing is implemented 
in the MovementTestStroke 1.2 mobile system. The system provides informa-
tion for the user (physician and patient) in convenient digital and graphical 
forms. It simplifies the motor functions testing for the patient, and the analysis 
of motor functions state for the physician. Its advantage is in the personalization 
and objectification of assessment, reduction of the probability of a physician's 
error and identifying the disorders specifics. 

The MovementTestStroke 1.2 program can be used not only to assess the 
state of motor functions affected by pathologies, in particular stroke. With some 
system’s modification based on additional research it can be used to assess the 
state of motor functions affected also by injuries and traumas etc. This creates 
the basis for personalized planning the motor and speech rehabilitation by a 
physician. MovementTestStroke 1.2 was implemented in Visual Studio 2019, 
C# language. The relational database was designed in the SQLite database man-
agement system: SQLiteStudio and DBeaver software environments, linked to 
the MovementTestStroke 1.2 program using the SQLite library. 

CONCLUSIONS 

The algorithm for personalized motor functions diagnosing for recovery of mo-
tor functions and speech motility has been developed. It is implemented in the 
mobile system MovementTestStroke 1.2, which uses an expanded range of evi-
dence criteria for motor functions diagnosing, in particular, diagnosing the state 
of fine motor skills of the hand to recover the speech motility. Such a system 
provides objectification of assessment, reduction of the probability of a physi-
cian's error and urgency in diagnostic and treatment decision-making, provides 
necessary and sufficient information to the user in a convenient digital and 
graphical forms, simplifies for the physician the motor functions state analyzing 
and the personalized treatment strategy creating.  

The structure of interface for mobile system for information assistance in 
the motor functions diagnosing has been developed. It provides the application 
of the motor functions diagnosing both in clinical and home conditions, as well 
as in the field conditions. 

The relation database model was developed to store and accumulate the re-
sults of the motor functions dynamics of patients for the purpose of further pa-
tient-physician consultations.  

The mobile system MovementTestStroke 1.2 for motor function diagnostics can 
be used in clinical and home conditions to assess the motor functions state affected by 
central nervous system pathologies. With some system’s modification based on addi-
tional research it can be used to assess the state of motor functions affected also by 



Mobile System for the Patient's Motor Functions State Diagnostics  
 

 

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print).  Cyb. and Comp. Eng. 2022.  № 4 (210) 91

injuries and traumas. This creates the basis for personalized, mobile, urgent diagnostic 
and treatment decision-making by the physician, especially in field conditions. On a 
technical point of view, the system can be used both an independent program and a 
component of programs for a patient’s movements rehabilitation or a program unit in 
electronic electromyostimulation devices. 
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МОБІЛЬНА СИСТЕМА ДІАГНОСТУВАННЯ 
СТАНУ РУХОВИХ ФУНКЦІЙ ПАЦІЄНТА  

Вступ. Діагностика стану рухових функцій відіграє важливу роль як внаслідок ура-
жень центральної нервової системи (інсульт), так і внаслідок травм, поранень тощо. 
Оскільки мобільні засоби розширюють можливості сучасної медицини, актуальним 
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завданням є синтез ефективної мобільної системи діагностування стану рухових функ-
цій на різних етапах реабілітації.  

Мета статті — розробити мобільну систему персоналізованого діагностування 
рухових функцій для їхньої реабілітації та реабілітації моторики мовлення, функційні 
можливості якої сприяють підвищенню ефективності реабілітації та зручності викори-
стання як у клінічних і домашніх, так і у польових умовах. 

Результати. Відновлення рухових та мовленнєвих функцій пацієнтів як з ураженнями 
центральної та периферичної нервової системи, так і після травм і поранень, зокрема не тіль-
ки у клінічних, але й у домашніх та польових умовах, висуває вимоги персоналізації, мобіль-
ності, зручності сприйняття і використання наданої користувачу інформації.  

Відповідно до цього розроблено інтерфейс мобільної системи діагностування рухових 
функцій: визначено напрями взаємодії користувачів, набір завдань користувачів у системі, 
розроблено сценарій для пацієнта для тестування власних рухових функцій в межах мобіль-
ної системи. Розроблено інфологічну модель реляційної бази даних для зберігання та накопи-
чення даних про рухові функції пацієнтів та подальшого їх аналізу лікарем.  

Розроблено алгоритм персоналізованого діагностування рухових функцій, що ба-
зується на розширеній гамі доказових критеріїв, які не враховуються відомими анало-
гами. Алгоритм реалізовано у мобільній системі MovementTestStroke 1.2 з урахуван-
ням інтерфейсу та реляційної бази даних. Така система забезпечує об’єктивізацію 
оцінювання, зменшення ймовірності помилки лікаря та оперативність у прийнятті 
діагностико-лікувальних рішень, надає необхідну і достатню інформацію користувачу 
у зручному цифровому та графічному вигляді, спрощує лікарю аналіз стану рухових 
функцій і формування персоналізованої стратегії лікування.  

Висновки. Мобільна система діагностування рухових функцій може застосовува-
тися у клінічних і домашніх умовах для оцінювання стану рухових функцій, уражених 
внаслідок патологій центральної нервової системи. З модифікацією системи на базі 
додаткових дослідженнях її можна буде застосовувати для оцінювання стану рухових 
функцій, уражених внаслідок травм і поранень. Це створює основу персоналізованого, 
мобільного, оперативного прийняття лікарем діагностично-лікувальних рішень. 

Ключові слова: діагностика, рухові функції, кількісне оцінювання, критерії, алгоритм, 
програмна система, мобільна система, інсульт, травми. 
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