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SOFTWARE MODULE FOR PERSONAL DIAGNOSTICS
OF MOTOR FUNCTIONS AFTER STROKE

Introduction. Diagnostics of motor functions after stroke plays an important role in the for-
mation of a rehabilitation program. The results of the preliminary clinical trials of our pro-
posed technique for quantitative assessment of motor functions deficit during studying the
dynamics of movement restoring based on bio-informational technology of motor control
TRENAR® confirmed the advisability of using this technique to create a new algorithmic and
software tools for personal diagnostics of motor functions.

The purpose of the paper is to develop a specialized module for the personal diagnos-
tics of motor functions in patients after stroke, which sofiware implements the determination
of the degree of motor functions disorders and the results of their recovery using the tech-
nique for quantitative assessment of motor functions deficit.

Results. The structural and functional model of the software module for personal diag-
nostics of motor functions and the effectiveness of their recovery as a result of rehabilitation
measures in patients after stroke has been developed.

An algorithm for diagnostic the motor functions disorder degree of the affected limbs in
patients after stroke and the activity diagram of software module using Unified Modeling
Language (UML) are presented.

The sofiware module "Movement Test Stroke" has been made in Visual Studio 2013 software
environment. The programming language is C# The module is installed in the PC structure.

Diagnostic benefits: the ability to obtain an integrated quantitative assessment of the
motor functions deficit of the upper and lower limb at the level of separate joints, hand or
walking according to relevant evidential criteria, and assessment of muscle hyper- or hypo-
tone at different stages of rehabilitation. The advantage of diagnostics is that the motor func-

© VOVK M.I, KUTSYAK O.A., 2019
62 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2019. Ne4 (198)



Software Module for Personal Diagnostics of Motor Functions After Stroke

tions disorder degree is performed relative to the patient's own healthy limbs, the motor
functions of which characterize the individual norm of disorders absence.

Conclusions. The quantitative assessment of motor function deficit by evidential criteria, which
is provided by the sofiware module “Movement Test Stroke” is the basis to synthesize the digital
health mobile means for information and advisory assistance to the physician in creating and making
adjustments to personal plan for recovery the motor functions affected by pathology at different
stages of stroke rehabilitation.

Keywords: sofiware module, structural and functional model, diagnostics, algorithm, motor
functions, personal quantitative assessment, stroke.

INTRODUCTION

For many years, stroke has been ranked 2™ in the list of major causes of disability and
death in the world and in Ukraine. Stroke is one of the most common causes of func-
tional failure. This disease may cause impairment or loss of motor functions, vision,
speech and mental functions. Of particular concern is the increasing burden of stroke
among people of working age: more than 50% of those who survived stroke never
return to work. In Europe, an action plan to combat stroke during 2018-2030 has been
approved. [1]. In Ukraine the creation of modern centers for the treatment of strokes
according to European standards is also provided.

The main goal of the rehabilitation process is associated with person’s re-
serves mobilization that is adequate to his state to restore damaged or lost func-
tions. When restoring motor functions, the mobilization of reserves provides for
the development and implementation of individual comprehensive programs of
medical rehabilitation, in which along with drugs, electrical myoneurostimula-
tion especially programmed stimulation occupies a significant place, as a way to
force muscle contraction according to certain programs. To determine the con-
trol action — an individual program for the rehabilitation of motor functions —
the rehabilitologist should have a wide range of training programs and methods,
among which he can choose the one that is most appropriate for the state and
stage of patient rehabilitation. This approach allows the implementation of a new
bioinformation technology for the restoration of motor functions TRENAR®,
which is realized by portable electronic devices Trenar-01 and Trenar-02 [2].

The range of programs in these devices is represented for training the forced
muscle contractions: 1) by synthesized electromyostimulation programs — the
program “SYNTHESIS”; 2) by programs that are "read" from the patient's own
healthy muscles or muscles of another person (instructor) during their voluntary
contractions and transmitted to the training muscles online — the program
“DONOR”; 3) for training the ratio of voluntary and forced contractions of the
muscles under the threshold electromyostimulation method, when voluntary,
even minor, contractions of the training muscles, under the condition of
overcoming a certain threshold of the EMG signal, automatically "start" the elec-
trostimulation of the same muscle to achieve a certain value of muscle contrac-
tion — the program “THRESHOLD?”; 4) for training voluntary and forced mus-
cles contractions in recording-reproducing mode, when EMG signal of arbitrar-
ily contracted muscle is recorded in the memory of device and transformed into
electrical stimulation program of the same muscle that is being trained — the
program “MEMORY-Auto”; 5) for training voluntary muscles contractions by
the BIOFEEDBACK method (visual and auditory) by electromyogram — the
program "BIOTRAINING" [2, 3].
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A common benefit of these training programs is the combination of physical
and cognitive effects that trigger and stimulate the person's reserves to restore
movements. However, each program has personal advantages that determine the
feasibility of its use, depending on the state of motor functions, the general
neurological status of the patient and the stage of rehabilitation.

PROBLEM STATEMENT

The use of technology TRENAR" in restorative motion therapy has shown a signifi-
cant percentage of improvements in locomotor functions, which in particular, after
stroke, reaches 93%. These results provide the basis for incorporation the technology
TRENAR" into the mandatory set of measures aimed at restoring motor functions.
However, the success of the extensive use of innovative technology TRENAR® is
largely determined by the objective evaluation of the effectiveness of the rehabilitation
process based on the quantitative assessment of the motor function disorder degree of
patient at different recovery periods after stroke.

As a result of previous studies, a new technique for quantitative assessment of
motor functions deficit (motor disorders depth) in patients after stroke has been devel-
oped. This technique is based on expert evaluation according to the main and addi-
tional evidential criteria [4]. The main features of the technique are:

— a separate quantitative assessment of the motor functions deficit of the
affected lower and upper limbs, their proximal and distal departments, according
to the main criteria, on the basis of which an integral quantitative assessment of
global movements disorders is formed;

— introduction of additional criteria for hand assessing (including fine mo-
tor skills) and form of walking;

— determination of the individual norm of disorders absence: expert assessing of
the affected limbs is carried out in relation to the patient's own healthy limbs, the mo-
tor functions of which characterize the individual norm of disorders absence;

— unification of quantitative assessment of the disorders degree: all quanti-
tative scales for all criteria have the same six-point gradation.

The developed technique has undergone preliminary clinical testing during
studies of the dynamics of movement restoration after stroke with the new tech-
nology of training / restoration of movement functions TRENAR®. The results
of the trial confirmed the benefits of the technique and appropriateness of its use
in clinical practice.

The purpose of the paper is to develop a specialized module for the per-
sonal diagnosis of motor functions in patients after a stroke, which software
implements the determination of the degree of motor functions impairment and
the results of their recovery using the new method of personal quantitative as-
sessment of motor function deficiency.

STRUCTURAL AND FUNCTIONAL MODEL OF THE SOFTWARE MODULE FOR THE DIAGNOSTICS
THE DEGREE OF MOTOR FUNCTIONS DISORDERS IN PATIENTS AFTER STROKE

The Protocol with the relevant tables for assessing the motor disorders for the
convenience of using by neurologists a new technique for quantitative assess-
ment of movement disorders degree in patients after stroke by TRENAR® tech-
nology has been developed:
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Table. 1. The muscle strength and movements’ volume assessing

The muscle strength of Ratio (affected / Movements’ volume refer-
Grade . healthy mus-
the affected limb o ence
cle),%
Fl.ln mOthl:l during gravity Movements’ volume is full,
5 with maximum external 100 .
. tempo isn’t reduced
counteraction
Full motion during gravity Movements’ volume is 75-
4 and with little external 75 100 % of norm; strength,
counteraction agility, tempo are reduced
3 Full motion during gravity 50 Movements’ volume is 50-75 %
only of norm, inept
2 Full motion in unloading 25 Movements’ volume is 25-50 %
conditions of norm
A feeling of tension Movements’ volume is up to
1 during the attempt of 10 25 % of normal, is extremely
voluntary movement restricted
Absence of tension signs
0 during the attempt of 0 No active movements
voluntary movement

Table. 2. The motor functions of the upper and lower limbs by additional

criteria assessing

Upper limb (hand) Lower limb (walk-
Grade ing)
Contrasting the Flexing of The main hand’s Form of walkin
thumb fingers in fist motor function &
5 Reaches the base Full flexing Function is saved No change
of all fingers
Capturing and
Reaches the base Full flexing holding the items While walking
of all fingers . are saved, captur- -
4 . . (without hold- . - limping by the
(without holding ing) ing the small items arctic le
the base) & is available (with p g
no hold function)
S‘lig‘ht ﬂexing ‘Hold.ing the items Hemiparetic walk-
3 Reaches the base limitation of is available, captur- ing
of 4-th finger distal phalanges | ing the small items . s 1
to thenar is complicated (patient pulls leg)
Moderate Capturing the large
5 Reaches the base limitation of items without their Circulating or
of 3-rd finger distal phalanges long and strong hemiplegic walking
to thenar holding is available
Capturing and
holding both large
Significant and small items are Roughly broken
1 Reaches the base limitation of impossible; the walking, several
of 2-nd finger distal phalanges | additional function steps with support
to thenar of supporting and or crutches
pressing the item is
saved
L . . Capturing and
0 C.ontrastl.ng s F.mgers ﬂgxmg holding the items Doesn’t go alone
impossible is impossible . .
are impossible
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— on the main evidential criteria the proximal and distal departments for
upper and lower limbs on the level of joints have been estimated (2 criteria:
muscle strength [5] and movements’ volume [6] on generally accepted
six-grades scales (Tab. 1));

— on the additional evidential criteria walking (1 criterion) and hand
(3 criteria) have been estimated [7 with authors’ correction].

The tables of the summary quantitative characteristics of movement disor-
ders and paresis degree linked with paresis degree (Tab. 3) as well as effective-
ness of motor functions restoring (Tab. 4) are also added to the Protocol.

All quantitative assessment scales have the same six-point gradation on all criteria
with the same orientation from the best indicator (5 grades, no disorders) to the worst
(0 points, plegia) linked to paresis degree: severe — 1 grade, major — 2 grades, mod-
erate — 3 grades, | mild — 4 grades.

The quantitative assessment of the hand’s motor functions deficit is of par-
ticular importance during a focused training of fine motor skills to restore the
speech. This makes it possible to study and compare the restoration dynamics of
fine motor movements of affected hand with speech restoration dynamics in
motor or motor-sensory aphasia after a stroke.

The walking assessment on additional criteria (Tab. 2) is of big importance be-
cause it adds to muscle functions characteristics of affected lower limb at level of dif-
ferent joints such an important characteristic as walking movements coordination.

The formation of the quantitative integral assessment of motor disorders de-
gree at level of the joints (Tab. 3) makes it possible to create a more accurate
gradation of motor functions restoration and reduce the expert evaluation error in
subjective assessment.

Table. 3. The summary quantitative characteristics of movement disorders
depth in different parts of the upper and lower limbs

TOTAL ASSESSMENT IN GRADES BY CRITERIA
Global Movements
Joints of upper limb departments Lower limb departments
proximal: shoulder, elbow ;distal: wrist proximal: hip, knee; distal: ankle
Grades 0 1-2 3-4 5-7 8-9 10
Paresis plegia severe major moderate mild no disorders
degree
Hand (including fine motor skill)
Grades 0 1-3 4-6 7-9 10-14 15
Paresis plegia severe major moderate mild no disorders
degree
Walking

Grades 0 1 2 3 4 5
Paresis plegia severe major moderate mild no disorders
degree
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The quantitative assessment of effectiveness is shown through the differ-
ence in grades before and after rehabilitation obtained at the level of limb’s joint,
hand or walking linked with reference to a verbal assessment (effectiveness
gradation) (unchanged, minor improvements, improvements, major improve-

ments) for two, three and one criterion according to formula A = A2 — Al ,
where Al — grades before rehabilitation, A2 — grades after rehabilitation,

A — grades difference, which shows the rehabilitation effectiveness.

The distribution of effectiveness gradations for the relevant joints, hand or
walking is shown in Table 4.

Aside movement disorders also are estimated by criterion of muscle hypertone
(on generally accepted Ashworth scale) [6] (Tab. 5) and by criterion of muscle hypo-
tone (on new scale) (Tab. 6). As the muscle tone in post-stroke patients can vary from
hypo to hypertonus, each with its gradation, this criterion is not included in the integral
quantitative characteristics of movement disorders. Meanwhile, the quantity of hyper-
tone and hypotone is of diagnostic value in the creation of myoneurostimulation
programs of individual rehabilitation plan in patients after stroke. On the basis of the
Protocol (Fig. 1) with the relevant tables (Tab. 1-6), the structural and functional
model of the software module for the motor function disorders degree diagnostics in
patients after stroke has been developed (Fig. 2).

The software module for the motor function disorders degree diagnostic in
patients after stroke consists of a graphical interface and the objects of the pro-
gram module (units): general information, motor functions assessment, instruc-
tions, database, information processing and results.

Table. 4. The effectiveness of motor functions restoring

The quantity of movement rehabilitation effectiveness,
Grades of movement A grades
rehabilitation effective-
Global Movements Hand
ness . -
(2 criteria) (3 criteria) Walking (1 criterion)
Major improvement 5-10 7-15 3-5
Improvement 3-4 4-6 2
Minor improvement 1-2 1-3 1
Unchanged 0 0 0

Table. 5. The muscle hypertone of the affected limb assessing

Grades Muscle hypertone reference (on the conventional Ashforth scale)

0 No changes in muscle tone

1 Slight increase in muscle tone, manifested during flexion / extension the affected
limb part by minimal resistance at the end of the range of motion

2 Slight increase in muscle tone, manifested by resistance that appears after not less
than half of the range of motion performance

+3 Mild increase in muscle tone, manifested by through all range of motion but
doesn’t complicate the performance of passive movements

4 Major increase in muscle tone, which complicates performance of passive move-
ments

+5 A_gected limb part fixed in flexion or extension - spasticity. Movements are impos-
sible
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Table. 6. The muscle hypotone of the affected limb assessing

Grades Muscle hypotone reference (new scale)
0 No changes in muscle tone
Slight reduction of muscle tone. Voluntary movements are possible 75 % of norm
-1 (75 % of full range of motion). The patient may hold the affected limb in a flexion

/ extension position during passive movements.

Slight decrease in muscle tone. Voluntary movements are possible 50 % of norm
-2 (up to half of full range of motion). The patient may hold the affected limb in a
flexion / extension position during passive movements.

Mild decrease in muscle tone. Arbitrary Voluntary movements are possible 25 %
-3 of norm. The patient can hold the affected limb in a flexion / extension position
during passive movements, but for a short time.

Major decrease in muscle tone. Voluntary movements are possible 10 % of norm.
-4 The patient can’t hold the affected limb in the flexion / extension position during
passive movements.

There is no muscle tone. Voluntary movements are impossible. The patient can’t
-5 hold the affected limb in the flexion / extension position during passive move-
ments. Atonia

The operator interacts directly with the Graphical user interface (GUI),
which provides a dialog mode, captures motor function indicators by the testing
results. The GUI also provides interconnecting and compatible functioning of
software blocks.

The general information unit (Fig. 2) contains object-oriented programming
(OOP) methods that introduce general patient’s information according to the
Protocol (Fig. 1). The information from this unit goes to the processing unit for
its further storing in the buffer of processing unit and in the database.

The instructions unit contains:

— a toolkit that is the a structured, matrix-organized information for dia-
logue windows presenting for assessing the limbs motor function at the level of
the selected joints, hand or walking, and the results of their quantitative evalua-
tion on the PC screen;

— control codes to provide access to the toolkit for different OOP methods.

The toolkit and control codes goes from the instructions unit to the motor
function assessment unit, the processing unit and results unit.

The motor function assessment unit contains OOP methods to fix by the op-
erator the motor functions indicators of upper and lower limbs, their proximal
and distal departments at the level of joints, hand and form of walking, and for
transmission the fixed motor functions indicators to processing unit. This unit is
functionally separated, i.e. motor functions disorders of limbs’ joints, hand and
form of walking are being assessed separately.

The processing unit contains a buffer for temporary storage of variables that
used during program performance (which simplifies the program as a whole),
methods of forming appropriate windows for assessing the motor functions,
methods of forming the electronic medical record (EMR) (Fig. 2), methods for
determining the paresis degree.

From the processing unit the information goes to the results unit.

The results unit presents information on the quantitative evaluation of motor
functions assessment of selected limbs’ joints, hand or form of walking by the
criteria, and integrated quantitative assessment of its deficit and paresis degree
on the PC screen.
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Fig. 1. Protocol for assessing the motor functions disorders degree of limbs in patients
after stroke and the movements’ rehabilitation efficiency by TRENAR® technology
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Fig. 2. Structural and functional model of the software module for the motor function disorders
degree diagnostics in patients after stroke

The database is presented in the form of an electronic medical record (form
003 / o0 "Medical card of the in-patient"), which contains both general informa-
tion about the patient and the results of the patient's motor functions testing.

THE ALGORITHM FOR DIAGNOSTICS THE MOTOR FUNCTIONS
DISORDER DEGREE IN PATIENTS AFTER STROKE

The algorithm for diagnosing the motor functions disorder degree of limbs in
patients after stroke (according to the technique for quantitative assessment of
motor functions deficit) is presented on Fig. 3.

The software module "Movement Test Stroke", which implements this algo-
rithm, is made in Visual Studio 2013 software environment. The programming
language is C#. It is installed in the PC structure.

The activity diagram of the software module for diagnostics the motor func-
tions disorder degree on the basis of unified modeling language (UML) [8] is
shown on Fig. 4 and consists of stages (Fig. 4):
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— Inputting the patient’s information into the general information unit.

—  Selecting the relevant joint, hand or walking for motor functions assessing.

— Motor functions assessing of selected joints of proximal or distal de-
partments of upper or lower limbs; hand or form of walking according to appro-
priate criteria and calculation of the paresis degree.

— The diagnostics results review of motor functions disorder degree.

— Saving the diagnostics results to the electronic medical record.

— End the patient’s diagnostics session.

On the diagram (Fig. 4) the nodes of solutions and associations ("dia-
monds", Fig. 4), which are an analog to the logical function "OR", synchroniza-
tion lines, which are an analog to the logical function "AND", initial and final
activity nodes (appropriately "Getting Started" and "End the Session", Fig. 4)
according to the UML notation are located [8, 9].

START

v

[ Inputting the patient’s information ]

. :

A

Select: limb’s joints / hand / A
walking [ EMR ]
4

v

Assessing the motor functions by appropriate
criteria

|

Calculation the paresis degree ]—

i y

The results review of diagnostics

of the motor functions disorders
degree

T
L 4

STOP (End of session)

Fig. 3. Algorithm for diagnosing the motor functions disorder degree in patients
after stroke

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2019. Ne4 (198) 7



Vovk M.1, Kutsyak O.A.

[ Inputting the general patient’s information ]

Initial
state

1

.
e

\ 4

Record to buffer

—— L

The results
review

A

i = 1 —upper limb,
i =2—lower limb

f=1-hand, ifi=1

v

f=2-walking, ifi =2

V[ Select department (j), Hand / L
J =1 - proximal departments - Select joint (k . A”
J = 2 - distal departments -7 J ® walkmg (f)
=2 0=l | <
E=ILagp=2 -l
- -3 |7 | =gy
= n=1iff=2

Assessing the motor functions by
appropriate criteria (n)

v

[ >
"| Record to buffer
y

v

Calculation the paresis degree

v

Record to buffer

J  Review the
results?

The results
review

Fig. 4. Activity diagram of the software module of motor functions disorder degree

diagnostics in patients after stroke
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The software consequentially implements the following actions:

1. Introduction of general patient’s information. This information is stored
in a buffer for future use and for storing in an electronic medical record (EMR).

2. Transition to the interface window of the motor functions assessment.
The physician can carry out full testing - consequentially from the upper (i = 1)
to lower (i = 2) limb, from the proximal to the distal parts, joints, and the hand or
walking, however, the software module allows the separate assessment (Fig. 4).

3. The motor functions assessment. The both limbs are divided into proxi-
mal (j = 1) and distal departments (j = 2). The assessment of the proximal de-
partments of the upper and lower limbs, which are presented by two joints (k) on
each limb: for the upper limb: k = 1 — the shoulder joint, k = 2 — the elbow
joint; for the lower limb: k = 1 — the hip joint, k =2 — knee joint, and the distal
departments of upper and lower limbs, which are presented as one joint (k) on
each limb: for upper limb: wrist joint; for lower limb: ankle joint, proceeds by
three criteria (n = 3): muscle strength, movement volume, muscle tone. The hand
(f = 1) is being assessed by three criteria (n = 3), walking (f = 2) is being as-
sessed by one criterion (n = 1) (Fig. 4).

The interface contains tools for selecting the motor functions assessment of
upper or lower limb’s joints, hand or walking by relevant criteria. The windows
that present descriptions of these criteria are opened using these tools, and the
operator selects the necessary assessment option. If there is no selection, the
program stops. The calculation of the paresis degree according to Table 3 is
performed using data from the buffer on the state of the patient's motor functions
in grades, which are entered by the operator in the buffer (Fig. 4). The
calculation data is also stored in the buffer.

From the buffer, the results of test are displayed on the screen, where all the
information on the motor functions is illustrated both by single criteria and by
the total quantitative assessment of relevant joints of limbs, hand or form of
walking is illustrated.

The operator can review the results after each assessing stage of assessment
and decide whether enough data has already been obtained or continue working
without reviewing the data. And the operator proceeds to additional assessment
of limbs’ motor functions at the level of the joints, hands or passages in case of
insufficient data (Fig. 4).

In case of making the decision on a sufficient amount of data the operator
stores them together with general patient’s information in electronic medical
record (EMR). A session with this patient ends (the program goes to the initial
state) or the operator exits the program (Fig. 4).

The storing of motor functions testing data in electronic medical record
enables one to quantify the rehabilitation effectiveness by testing at the
beginning and at the end of rehabilitation course, to study the dynamics of motor
functions deficit by three or more testing in one course for prediction and
secondary prevention of muscle disorders, to compare the effectiveness at
different stages of rehabilitation.
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CONCLUSIONS

The structural and functional model of the program module for personal diag-
nosing of motor functions in patients after stroke and the efficiency of motor
functions restoring as a result of rehabilitation measures has been developed. An
algorithm for diagnosing the motor function disorder degree of the affected
limbs in patients after stroke and activity diagram of the software module in the
UML notation are presented.

The software module "Movement Test Stroke" has been made in Visual
Studio 2013 software environment, the programming language is C#. The func-
tional interaction of its components has been developed and described using
Unified Modeling Language (UML). It is installed in the PC structure.

Diagnostic benefits: the ability to obtain an integral quantitative assessment of the
motor functions deficit of separate joints of the upper or lower limb (by two criteria),
hand (by three criteria) and walking (by one criterion) at different stages of rehabilita-
tion, as well as a separate assessment of muscle hyper- or hypotone. It allows carrying
out a detailed analysis of the motor function deficit dynamics during rehabilitation
measures, to identify the specificity of disorders, to conduct a comparative assessment
of individual indicators of rehabilitation efficiency.

The benefit of diagnosing is also that the assessment of motor functions disorder
degree of the affected limbs is performed relative to the patient's own healthy limbs,
the motor functions of which characterize the individual norm of disorders absence.

Equal six-step gradation of paresis degree, unsurpassed quantitative charac-
teristics of motor functions rehabilitation efficiency linked to generally accepted
verbal assessment of effectiveness (unchanged, minor improvements, improve-
ments, major improvements) reduce the expert error.

The quantitative assessment of motor function deficit by evidential criteria, which
is provided by the software module “Movement Test Stroke”, is the basis to synthesize
the digital health mobile means for information and advisory assistance to the physi-
cian in creating and making adjustments to personal plan for recovery the motor func-
tions affected by pathology at different stages of stroke rehabilitation.

The software module "Movement Test Stroke" can be used for motor functions
diagnostics not only after stroke, but also for traumatic brain injuries, brain tumors etc.

The program module enables one to evaluate the rehabilitation effectiveness
and to study the dynamics of motor functions deficit for the prediction and sec-
ondary prevention of muscle disorders during course, and to compare the reha-
bilitation effectiveness on its different stages.
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[IPOI'PAMHUI MOJVJIb IEPCOHAJILHOI JIATHOCTUKU
PYXOBUX ®YHKIIN ITICJIA IHCYJIBTY

Beryn. [liarHocTrka pyxoBHX (YHKIIH MICis 1HCYJBTY BiIirpae BaXKIMBY poiib y (hOpMyBaHHI
pealiniTaniitHol nporpamu. Pe3ynbTaty mornepenHbol KIHIYHOI anpoartii 3arpornoHoBaHOT HAMU
METOJIMKH KUTBKICHOTO OIiHIOBaHHs JIeQIUTY PYXOBHX (DYHKIIH Y XOMAI JOCTIDKEHb AWHAMIKH
BiTHOBJIEHH PyXiB Ha 6a3i GioiHpopMartiiiHoi TexHonorii kepyBaHHs pyxamu TPEHAP® ninrsep-
JIAJTA JTOIUTBHICTh BUKOPUCTAHHS 11i€] METOMKH JIIl CTBOPEHHS HOBHX AJITOPHUTMIYHHMX 1 IpOrpam-
HHX 3aC00iB [EPCOHAIBHOTO JIarHOCTYBAHHS PyXOBHUX (DYHKITiH.

MeTta cTaTTi — pO3pOOUTH CleliaNi30BaHUi MOIY/b I€PCOHAIBHOIO IiarHOCTYBaHHS
pyxoBUX (DYHKIIIH y XBOPHX MICIsl IHCYJIBTY, SIKHI TPOTPAMHO peaii3y€e BU3HAYCHHS CTYICHS
MOPYIICHb PYXOBUX (YHKIIH 1 pe3ynbTaTiB iXHBOTO BiIHOBJIEHHS 32 HOBOIO METOIUKOIO
MEPCOHAIBHOTO KiJIBKICHOTO OLIHIOBaHHS Je(ILUTY PyXOBHUX (PYHKIIIMH.

Pe3yabTaTi. Po3po0iieHO CTPYKTYpHO-(QYHKIIOHAIBHY MOJAENb MPOTPAMHOTO MOJIYJIS
MEPCOHAIBHOI IIATHOCTUKU PYXOBUX (DYHKIIIH 1 €)EeKTUBHOCTI IXHBOTO BiJIHOBJICHHS BHACII-
JIOK peaOiniTaniiiHuX 3aX0/iB y XBOPHX IICIIS IHCYJIBTY.

HanaHo anroput™ iarHOCTHKH CTYIICHS TIOPYIICHb PYXOBUX (DYHKIIIH ypaXKeHHX KIHIIIBOK Y
TAIEHTIB MICIIS IHCYIBTY 1 Alarpamy JsUTbHOCTI HPOrpaMHOro Moy y Hotarii UML.

IIporpamuuii Mmoxynb "Movement Test Stroke" BUKOHaHO y MPOTPaMHOMY CEpEIOBHII
Visual Studio 2013, moBa mporpamyBanHs C#. (DyHKIIOHAaJIbHY B3a€MOJII0 KOMIOHEHTIB
MOJYJIsl pO3pOOJIEHO Ta OIMUCAHO i3 3aCTOCYBAaHHSM YHI(IKOBAaHOI MOBH MOJCITIOBAHHS
(UML). Monynb BcraHoBiIeHO y cTpykTypi ITK.

TlepeBaru giarHOCTYBaHHS: MOYKJIMBICTh OTPUMYBATH IHTETPaIbHY KUTbKICHY OLIHKY Je(iluTy
PyXoBHX (YHKLUIH BEpXHBOI Ta HIDKHBOI KIiHI[IBOK Ha PIBHI OKPEMHUX CYIJIOOIB, KUCTI Ta XOIH 32
BIJITIOBITHUMH JIOKQ30BUMHU KPUTEPISIMH, a TAKOXK OLIHKY Tirep- abo TiMoTOHyCy M'SI3IB Ha Pi3HHX
eramnax peadimranii. [TepeBaroro AiarHocTyBaHHS € i Te, 1110 OLIHIOBaHHS CTYIICHS IIOPYILIEHb PyXO-
BUX (DYHKIIIH ypa)keHHX KiHI[IBOK MPOBOMTHCS BITHOCHO BJIACHUX 3/I0POBHX KIHIIIBOK IMAIi€HTA,
PYXOBi (yHKILI SIKMX XapaKTepU3yIOTh iHIUBITyaIbHy HOPMY BiJICYTHOCTI HOPYIIICHD.

BucHoBku. KinbkicHa oninka aeiuty pyxoBux (GpyHKIIiH 32 JOKa30BUMU KPUTEPISIMH,
Ky Hajae mporpaMHuii Moxynb "Movement Test Stroke", € ocHOBOIO cHHTE3y MOOLIBHUX
3aco06iB nuppoBoi MeAUIMHN 1HPOPMAIIIHHO-KOHCYJILTATUBHOI JOTIOMOTH JIiKapio y Gopmy-
BaHHI Ta BHECEHHI KOPEKTHBIB /IO 1HJMBIIyaJbHOTO IUIAHY BiJIHOBJICHHS MOIIKOKEHHX
MATOJIOTIEI0 PYXOBUX (DYHKIIIH HA PI3HUX eTamax peadimiTaiii.

Knrouoei cnosa: npocpamnuii Mooynb, cmpyKmypHo-@QyHKYIOHanbha Mooenb, 0iazHOCmuKa,
aneopumm, pyxosi QYHKyYii, nepcoHaIbHa KIbKICHA OYIHKA, THCYTIbI.
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HPOFPANLMHI)IVI MOJYJIb ITIEPCOHAJILHOM TMATHOCTUKH JABUT ATEJIbHBIX
OYHKIHNU ITOCJIE MHCYJIbTA

BBenenne. J[narHocTika IBHTaTeNbHBIX (YHKIUHA MOCIE WHCYNBTa WIPaeT BaKHYIO PONb
npu GOPMHUPOBAHUK peaOWIIMTAIIMOHHOW NporpaMMbl. Pe3ynbTaThl mpeaBapUTEIbHON KIIH-
HUYECKOW ampoOanyy NpeIoKeHHOH HaMH METOIUKH KOJMYECTBEHHOW OLEHKH AedHuIuTa
JIBUTATENbHBIX (YHKIUI IPU UCCIEOBAHUHN JUHAMHUKHN BOCCTAHOBIJICHHS JIBHKCHUH Ha 0aze
OMOMH(OPMAIIMOHHON TEXHOJIOTHH YIPABJICHUS JBHKCHUSIMU TPEHAP" MTOATBEP AN
1eJ1ecO00Pa3HOCTh MCIIOIB30BAHUS STOW METOJIUKH ISl CO3J[aHUSI HOBBIX AITOPHUTMHYECKHX
Y TIPOTPaMMHBIX CPEJNICTB TIEPCOHAIBHOTO AUATHOCTHPOBAHUS ABUTATEIBHBIX (YHKITHH.

Heab cTathbnm — pa3paboTarh CHEUUATU3UPOBAHHBIN MOAYJIb MIEPCOHAIBLHOTO JHarHO-
CTHPOBAHUS IBHUTATEIBHBIX (QYHKIHMHA Y OOJBHBIX MOCIE WHCYNBTa, KOTOPBIH MPOrpaMMHO
peanu3yeT ONpe/eICHUE CTEINeHH HapYIICHHH JABUTaTeNbHBIX (YHKIHA U pe3yJIbTaTOB UX
BOCCTaHOBJIGHUSI 110 HOBOM METOJWKE IEPCOHAIBbHOW KOJIMYECTBEHHOI OLEHKH aeduiura
JBUTaTEIbHBIX (QyHKIUH.

Pe3yabTaThl. Pa3paboTana cTpyKTypHO-(QYHKIIHOHATEHAS MOJIETh MPOTrPAMMHOTO MO-
IyJs TIepCOHATBHOM AWArHOCTUKH JBHUIaTEeNbHBIX (YHKIMH M 3()(EKTHBHOCTH HX BOCCTa-
HOBJICHHS B pe3yJbTaTe PEeaOWIMTAIMOHHBIX MEpOIPHUATHI y OOJNBHBIX IOCIE HHCYJIbTA.
IIpencTaBneHs! aIrOpUTM JUATHOCTHKU CTETICHHW HApYyLIEHHH IBUraTeNbHBIX (QYHKIUH I10-
paKEHHBIX KOHEYHOCTEH Yy IalMEeHTOB IIOC]e MHCYJIbTa M JuarpaMma JIesTeIbHOCTH Hpo-
rpaMMHOTo MoayJsi B HoTarmu UML.

IIporpammusiii Mmoayns "Movement Test Stroke" BbINONHEH B HpOrpaMMHOM cpene
Visual Studio 2013, s3b1k nporpammupoBanus C#. OyHKIMOHAILHOE B3aMMOJICHCTBUE KOM-
[IOHEHTOB MOJyJIs pa3paboTaHO M ONHCAHO C WCIOJIb30BAaHHEM YHH(UIIMPOBAHHOIO SI3bIKA
monenupoBanuss (UML). Moayie ycranoieH B ctpykrype [TK.

IIpeumymiecTBa AMAarHOCTUKU: BO3MOXHOCTDH I10JIy4aTh MHTETPAJIbHYIO KOJIHUYECTBEH-
HYIO OLICHKY Ae(hHLUTa IBUraTeIbHBIX (QYHKINI BepXHEeH U HIKHEH KOHEYHOCTH Ha yPOBHE
OTJENBbHBIX CYCTaBOB, KUCTU WJIM XOJbOBI 10 COOTBETCTBYIOLIMM KPUTEPHSIM, a TAKXKE OLCH-
Ky THIEp/TUIIOTOHYCA MBIIII] HA Pa3IMYHBIX dTalax peadmauranuy. [IpenMymecTBoM uar-
HOCTHPOBAHUS SBJIIETCSA U TO, YTO OLIEHKA CTENECHU HApYUICHWH IBUTATENBHBIX (DyHKIMN
MOPaKEHHBIX KOHEYHOCTEH MPOBOIUTCS OTHOCHUTENBHO COOCTBEHHBIX 3I0POBBIX KOHEYHO-
CTEH MaIueHTa, JBUraTeJIbHbIe (YHKIIMH KOTOPBIX XapaKTepH3YIOT HHANBUAYAIBHYIO HOPMY
OTCYTCTBUSI HAPYIICHHH.

BoiBoabl. KonuuecTBeHHass oleHKa JeuUUTAa JBUTATEIbHBIX (YHKIMHA, KOTOPYIO
obecrieyrBaeT nporpaMMHbIA MOysb "Movement Test Stroke", sBisieTcss OCHOBO# CHHTE3a
MOOHJIBHBIX CPEINCTB HHU(POBOH MEAMUMHBI HHPOPMAIIOHHO-KOHCYJIBTATUBHOW IMOMOIIN
Bpady B (JOpMHPOBaHUM W BHECEHHUH KOPPEKTHBOB B MHIMBHUAYaJIbHBIN IIAaH BOCCTAHOBIIE-
HUS IOBPEXK/ICHHBIX MaTOJOTHEH IBUTATENbHBIX ()YHKINI Ha pa3HBIX dTarax peaOuIUTaI|H.

Knrouegvie cnosa: npospammmulii Mooyib, CIMpyKmypHO-@YHKYUOHATbHAS MOO€Tb, OUASHOCUKA,
aneopumm, 0gueamenvvle QYHKYUL, NePCOHANILHAS KOTUUECBEHHAS OYEHKA, UHCYIIbM.
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