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DYNAMICS OF POST-STROKE HAND PARESIS KINEMATIC PATTERN DURING REHABILITATION
Khizhnikova AE B, Klochkov AS, Kotov—Smolenskiy AM, Suponeva NA, Piradov MA
Research Center of Neurology, Moscow, Russia

According to the literature data, only 5-20% of post-stroke patients are able to restore the hand motor function completely. Correct goal setting and individual
approach to the patient's functional recovery are important. Our study aimed to develop an algorithm of impaired hand motor functioning assessment for post-stroke
patients and to determine the principles of the rehabilitation tactics choosing based on the biomechanical analysis. Twenty five patients with hemispheric stroke and 10
healthy volunteers participated in the study. Formal clinical observation scales (Fugl-Meyer Assessment, Ashworth Scale, ARAT) and video motion analysis were
used for evaluation of the hand motor function. Patients were divided into 2 groups according to the hand paresis severity (mild/moderate and pronounced/severe).
Rehabilitation was carried out in both groups, including mechanotherapy, massage and physical therapy. It was revealed that in the 1st group of patients the motor
function recovery in the paretic hand was due to movement performance recovery: biomechanical parameters restoration directly correlated with a decrease in the
paresis degree according to the Fugl-Meyer Assessment Scale (r = 0.94; p = 0.01). In the 2nd group of patients, the motor function recovery in the paretic hand
was due to motor deficit compensation: according to biomechanical analysis, the pathological motor synergies inversely correlated with a decrease in the paresis degree
(r=-0.9; p = 0.03). As a result of the study, an algorithm for selecting the patient management tactics based on the baseline clinical indicators was developed.
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ONHAMUKA KWNHEMATUYECKOIO NMOPTPETA NOCTUHCYJIbTHOIO NMAPE3A PYKU
HA ®OHE PEABUJTUTALIUN

A. E. XwxHnkosa B, A. C. Knoukos, A. M. KotoB—CmoneHckuii, H. A. Cynonesa, M. A. MNupanos
Hay4HbIn LeHTp Hesponorun, Mocksa, Poccrs

Mo paHHbIM NMTepaTypbl, ToNbko 5-20% MaLMeHTOB MOCe MHCYMsTa MOMYT MOMHOCTLIO BOCCTAHOBUTL ABUraTenbHYO (YHKUMIO pyKW. BadkHbl KOppekTHas
nocTaHoBKa Lenen v NHOMBMAYabHbIA MNOOXOA, HanpaBNeHHbI Ha BOCCTaHOBMEHNE (hYHKLMOHaILHOMO cTaTyca naupeHTa. Llenbto nccneposanmns 6biio Ha
OCHOBaHWN KIMHMKO-BMOMEXaHNHYECKOr0o aHanm3a paspaboTtaTb anropuUTM OLEHKN HapyLLEHUst ABUraTenbHOM (OyHKLMM PYKX Y MaLMeHTOB Mocne MHCYNbTa U
OMPEeAenTL MPVHLMMBI Bbibopa TakTVKK peabunmutaumn. B nccnenosanme Obin BKAKOHEHbI 25 NaUWeHTOB C UHCYBTOM MoMyLlapHOi nokammaaumn 1 10 30opoBsbIx
[06pOBONbLEB. [1N15 OLEHKV ABUraTeNbHON YHKLMN PYKU MPUMEHANM (DOPManM30BaHHbIe KITMHMHYECKME LWKanbl (Wkana Pyrn-Meiepa, SwsopTa, TecT ARAT)
1 BULEOaHaIM3 ABVIKEHWA. MaumeHTbl Oblnv pasaeneHbl Ha 2 rpynmbl MO CTEMNEHW TSHKECTU Napesa PyKW (Nerkunii/yMepeHHbiii 1 rpyobiii/BbipaxeHHbIn). B obevx
rpynnax NpoBOAVIN KyPC peabunmtaLv, BKIIOHaBLLMIA MexaHoTepanuio, Maccax, JIPK. BbisiBieHo, YTO Y naumeHToB 1-i rpynnbl BOCCTAHOBNEHWE ABMMaTENbHON
DYHKLMM B MaPETUHHOW PYKE MPOUCXOAUT MO MyTV HOPMaM3aLum NaTTepHa ABVKEHMS: HOpManm3aLms G1oMexaHN4eCcKyX MapaMeTpOB, MPAMO KOPPEeMpyoLLas
C YMEHbLLEHVEM KIMHUYECKOW BbIPaXKEHHOCTW CTeneHu napesa no wkane ®dyrn-Merepa (r = 0,94; p = 0,01). Y nauneHToB 2-1 rpynnbl BOCCTAHOBNEHVE
[OBUraTenbHOM PYHKLMK B MAPETUHHON Pyke MPOUCXOAMT MO NyTU KOMMeHCcauun ABUratensHoro Aeduumra: coxpaHeHmne naTonormieckon CUHeprin no AaHHbIM
BrOMEXaHNYECKOrO aHanmaa, 06paTHO KOPPEMPYIOLLEE C YMEHbLUEHVEM KIIMHUYECKON BbIPaXKEHHOCTW cTenenn napesa (r = -0,9; p = 0,03). B pesynsrarte
NPOBEAEHHOrO MCCefoBaHVs CCHOPMUPOBAH anropuTM BbiIGopa TaKTUKM BEAEHWS NMAaLMEHTOB, OCHOBaHHbI Ha MCXOLHbBIX KIMHUYECKIMX NMoKa3aTensix.

KntoueBble cnosa: VHCYSLT, Mapes B pyke, Helipopeabunntaums, anantaums, ABuratenisHoe nepeobyqeHine, GroMexaHnka OBKEHW, BUAEOaHaNNS ABKEHNI,
naTonornyeckas CuHeprs
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According to a number of authors, in the acute phase of a Restoration of the upper limb motor function consists of
stroke, the hand paresis occurs in 48-77% of patients [1, 2]. At six consecutive stages (from flaccid paralysis to the ability to
the same time, only 5-20% of patients are able to restore the perform complex coordinated movements). However, the
motor function of the paretic arm completely by the end of the  improvement can be completed at any stage, and the patient
early recovery period [3, 4]. remains partially or completely lost self-care capabilities [5]. In
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this regard, an important condition for effective motor function
restoration is to determine the tactics of patient rehabilitation to
achieve the maximum effect, depending on the current stage.

It is known that in post-stroke patients with severe paresis
and increased muscle tone the physiological movement
pattern is impossible. As a consequence, prerequisites
arise for the development of new motor synergies, which
are inherently a compensatory mechanism. As a result, the
body uses the remaining motor functions of the limb, or
active movements in adjacent joints and functionally related
kinematic chains to provide motion. The use of movements
with a lower level of regulation as a part of compensatory
synergies leads to a decrease in the adaptability to changing
environmental conditions. Subsequently, compensatory
synergies become pathological [6], which leads to a decrease
in the patient’s functional capabilities and a slowdown of
further rehabilitation.

Nevertheless, it is worth noting that, according to some
authors, compensation mechanisms are necessary for patients
with severe paresis and the presence of these is important for
the successful movement performance in post-stroke patients
[7]. During the recovery process, the motor synergies manifest
more comprehensively and become associated with spasticity
and related reactions. Currently, the generally accepted view
is that for better functional motor recovery it is necessary to
conduct training within the existing pathological stereotype
with the subsequent expansion of the active movement zone
[8]. Thus, the restructuring of pathological synergy due to an
increase in the number of “beneficial” motion components
usually occurs during the training [9].

Correct goal setting and individual approach are important
in developing a rehabilitation program aimed primarily
at restoring the functional status of the patient. Video
analysis of the paretic arm and shoulder girdle movements
with a complex evaluation of inter-articular relationships
and kinematic characteristics during rehabilitation can be
invaluable in retrospective assessment of the recovery
process. The study aimed to develop the principles of
choosing the hand motor function restoration tactics in
patients after a cerebrovascular accident on the basis of
clinical and biomechanical analysis.

METHODS

The study was conducted on the basis of the Department of
Neurorehabilitation and Physiotherapy of the Research Center
of Neurology (2017-2018). Inclusion criteria: male and female
patients aged 18-80; confirmed cerebrovascular accident of
ischemic or hemorrhagic type; single lesion site of hemispheric
localization which arose from 3 months to 2 years ago; post-
stroke hand paresis (grade 2-4 according to MRC Scale for
Muscle Strength) [10]. Exclusion criteria: hand paresis grade
according to MRC Scale for Muscle Strength less than 2;
severe defect of deep sensitivity; neglect syndrome; muscle
tone increase score exceeding 2 according to the Ashworth
scale (score O corresponds to normal muscle tone); severe
vision impairment not allowing to distinguish the image on the
computer monitor; severe cognitive impairment which makes
it difficult to execute the instructions; severe sensory or motor
aphasia; left-handedness according to Edinburgh Handedness
Inventory [11]. Twenty five patients with hemispheric
cerebrovascular accident participated in the study. Among
them, there were 17 men and 8 women aged 30-80 (median
age 55 [45; 61]). The prescription of stroke was 3-23 months
(median prescription of stroke was 7 months [4; 12]). Nine

BECTHVIK PIMY | 4, 2019 | VESTNIKRGMU.RU

OPUIMMHAJIBHOE NCCJIEQOBAHWE | HEBPOJIOI A

patients (836%) were observed in the early recovery period,
9 patients (36%) were observed in the late recovery period and
7 patients (28%) were observed in the residual period. The study
did not include patients with severe spasticity, gross speech and
cognitive impairment, limiting the possibility of communication
and following the instructions of the physical therapist.

To determine the normal kinematic pattern of hand
movement, 10 healthy volunteers aged 24-42 (4 women and
6 men, right-handed, without pathologies of the musculoskeletal
and nervous systems) were selected. For each subject, an
analysis of movements was performed in both the dominant
(right) and non-dominant (left) hands.

For clinical assessment of motor deficit, pathological synergies
severity, reflex activity, surface and deep sensitivity, passive
movement volume and pain sensation in the affected hands the
Fug-Meyer Assessment Scale was used [12]: the section for hand
function evaluation (the maximum score for this section is normally
126). The Ashworth Scale was used for spasticity assessment
in the paretic arm [13]. The wrist motor skills and functional
movement were assessed using the ARAT test [14].

The 3D analysis of movements in patients was performed
using the Biosoft-Videomotion 3D system (Biosoft; Russia).
Since hand movements are very diverse and variable, the
least variable parameter was chosen for the evaluation of
biomechanical parameters: reaching an object (reaching test).
Patients were seated at the table on a chair without a back, with
armrests for both hands. Hands were placed on the armrests
palms down (wrists were on the table). Within reach of each
patient, a glass with a 10 g weigh was placed on the table.
The patient was asked to reach the glass, take it, bring it to his
mouth simulating the drinking process, then put the glass back
and return the hand to its original position. If it was not possible
to grasp the glass (severe hand paresis), the patient was
asked to attempt to grasp it. To ensure the most automated
movement, the patients were informed that the main objective
of the study was to observe a drinking simulation movement.
Thus, the reaching movement was performed with a minimum
focus of attention, which made it possible to obtain automated
action. Only the first part of the movement was measured
(reaching a remotely located object).

To study intra-joint and inter-joint synergies in the sagittal
and frontal planes, the following synergy coefficients (C) were
introduced: C, — shoulder joint (SJ) flexion to SJ abduction
ratio; C, — elbow joint extension (EJ) to the SJ flexion ratio;
C,— EJ extension to SJ abduction ratio.

During rehabilitation, the paretic hand functional skills training
was performed using the mechanotherapeutic exoskeleton arm
weight support Armeo Spring system (Hocoma; Switzerland),
as well as training of bimanual and coordination movements
controlled by the physical therapist and paretic hand massage.
Rehabilitation was successful in all patients.

Statistical processing of the results was carried out using
the Mann-Whitney test (independent samples), Wilcoxon signed
ranks test (dependent samples), and Spearman's rank correlation
coefficient on the personal computer using the Statsoft Statistica
v. 7.0 software (StatSoft; USA). Data were presented as the median
and 25% and 75% quartiles of the median. The differences were
considered statistically significant at p < 0.05.

RESULTS
Clinical assessment

During the comparative analysis of data according to the Fugl-
Meyer Assessment Scale, a statistically significant increase in



ORIGINAL RESEARCH | NEUROLOGY

active movements in the shoulder, forearm, wrist and hand
was observed in all patients after rehabilitation. A significant
increase in the volume of passive movements in the elbow
and wrist joints was also noted. It is important, that according
to the Fug-Meyer Assessment Scale, the pathological
flexion synergy severity was significantly reduced (the higher
the Fugl-Meyer Assessment score, the lower the degree of
severity) (Table 1).

Statistical analysis of the Ashworth Scale score revealed
that after rehabilitation the degree of spasticity in the elbow
flexor muscles (p = 0.00008), wrist flexor muscles (p = 0.00098)
and superficial flexor muscles of fingers (p = 0.0022) was
significantly reduced. A decrease in spasticity in the studied
muscle groups was observed in patients with a slight and
mild muscle tone increase (1; 1+) and in patients with a more
pronounced muscle tone increase (2).

Clinical data analysis using the Fugl-Meyer Assessment
Scale revealed a close relationship between the severity of
pathological flexion synergy in the hand and the overall motor
deficiency degree (r = 0.81; p = 0.000000). According to the
Fugl-Meyer Assessment score patients with severe paresis
whose motor deficit was less than 50% of maximum active
movement score (less than 33), patients with pronounced
paresis — 50-70% (34-46), patients with moderate paresis —
71-89% (47-56) and patients with mild paresis — 90-99%
(57-65) were identified. For further analysis, patients
were divided into 2 groups: group 1 — patients with mild/
moderate paresis, group 2 — patients with pronounced/
severe paresis.

A comparative analysis using some subsections of the
Fugl-Meyer Assessment Scale showed that a significant
improvement in the hand motor function occurred both in
the proximal and distal parts of the hand in both subgroups
(Table 2).

Video analysis of the paretic hand movements
while performing a reach test

Analysis of the reach test time characteristics demonstrated
that patients of both groups needed significantly more time to
complete the target movement than a healthy person. In case of
severe/pronounced paresis reaching a remotely located object
needed significantly more time compared to normal (p = 0.001).
The time difference between the group of healthy volunteers
and the group of patients with mild/moderate paresis was less
significant, it was only 0.55 s (Fig. 1).

Analysis of the reach test time characteristics after
rehabilitation demonstrated that in the 1st group of patients
(mild/moderate hand paresis) there was a statistically significant
decrease in the time needed to reach the object (p = 0.04).
In the 2nd group of patients (severe paresis) the time needed
to complete the test, on the contrary, significantly increased
(o = 0.043). It exceeded the corresponding normal indicator by
more than 2 times.

Biomechanical research results analysis revealed that in
patients with mild/moderate paresis the maximum angular
amplitude of the shoulder joint flexion significantly reduced and
the maximum angular amplitude of the shoulder joint abduction
significantly increased while performing the reach test (Fig. 2A).

In addition to decreasing the maximum angle of movement
of some joints in patients with mild/moderate paresis, the time
needed to establish the maximum angular amplitude for all
movements was increased compared to normal (Fig. 3A, C).

Kinematic pattern in the group of patients with severe/
pronounced paresis was different: when performing the
movement, the maximum abduction angle of the shoulder
joint was greater than normal (Fig. 2B). At the same time, the
maximum extension angle of the elbow joint was significantly
below normal (Fig. 3B, C).

Table 1. Median indicators (Me [25%; 75%]) of the hand motor impairment according to the Fugl-Meyer Assessment Scale subsections

Group (n = 25)
Scale section
Before treatment After treatment
109 [99; 120]
Total score 103 [91; 109]
p = 0.000025
32 [24; 38]
Shoulder and forearm movements 29 [24; 34]
p =0.000821
20 [9; 23.5]
Wrist and hand movements 18 [13; 21]
p =0.000168
9.5 [5; 11]
Synergies 9[6; 10]
p = 0.000049
23 [22; 24]
Passive movement amount 21 [20; 22]
p = 0.000327

Table 2. Median indicators (Me [25%; 75%)]) of the hand motor impairment according to the Fugl-Meyer Assessment Scale in patients before and after the rehabilitation

Shoulder and forearm movements, score (n = 25)

Mild/moderate (n = 13)

Severe/pronounced (n = 12)

Before treatment 34 [32; 37] 24 [21.5; 27]
After treatment 38 [34; 41] 30.5 [25.5; 33.5]
p-level p=0.041 p=0.0068

Wrist and hand movements, score (n = 25)

Mild/moderate (n = 13)

Severe/pronounced (n = 12)

Before treatment 21[19; 21] 12 [8; 14.5]
After treatment 23 [22; 24] 14 [10; 19.5]
p-level p = 0.0044 p=0.012
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In addition to some joints maximum angle reducing in
patients with severe/pronounced paresis, the time needed to
establish the maximum angular amplitude for all movements
significantly increased compared to normal. In patients of this
group, attention should be drawn to the change of time needed
to reach the peak amplitude of the joint while moving. If in
the group of patients with mild/moderate paresis the order of
reaching maximum amplitudes of the joints remained the same,
then in the group of patients with severe/pronounced paresis it
was different. Thus, the abduction of the shoulder joint, which
was the first of all joints to reach its peak both in healthy people
and in patients with mild/moderate paresis, in patients with
severe/pronounced paresis appeared only in the middle of the
movement, after the extension of the wrist joint.

When comparing the maximum angular amplitudes of
joints in the 1st group of patients before and after rehabilitation,
no statistically significant differences were observed. At the
same time, analysis of changes in the range of joint motion
after training revealed significant changes in biomechanical
parameters of the shoulder joint: the flexion amount increased
(o = 0.04) and the abduction amount decreased (p = 0.01).

Analysis of the movement velocity parameters changes
demonstrated a significant increase in the angular velocity of
the shoulder joint flexion (p = 0.01), the elbow joint extension
(o = 0.02), as well as a decrease in the angular velocity of the
shoulder joint abduction (p = 0.02). When studying synergy
coefficients reflecting inter-joint interactions in the 1%t group of
patients, significant differences after rehabilitation were revealed
only by the G, coefficient (o = 0.04) reflecting the interaction
between the shoulder joint flexion and the elbow joint extension
during the reach test execution.

When comparing the maximum angular amplitudes of the
joints in the 2" group of patients (severe/pronounced paresis)
before and after rehabilitation, a significant decrease in the

Normal

Before

After

0 0.5 1

Il Mild/moderate paresis
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maximum extension angle of the elbow joint was revealed
(o = 0.01). No significant changes in other joints were noted.

When analyzing the range of motion of the joints in the
second group of patients, changes were observed that were
opposite to those obtained in patients of the first group. During
rehabilitation the shoulder joint flexion significantly reduced
(o = 0.02), a significant increase of the shoulder joint abduction
was also observed (p = 0.04). No significant differences were
found in the elbow joint before and after rehabilitation. It is
also worth noting that, despite a decrease in the shoulder joint
flexion, statistically significant differences in this indicator from
normal values were not found.

Significant differences in the amount of movements from
the normal motor stereotype persisted in other indicators:
shoulder joint abduction amount (o = 0.04), elbow joint
extension amount (p = 0.007), wrist joint extension amount
(o = 0.02). In addition, the opposite changes in the movement
velocity characteristics in the 2™ group patients were revealed
compared to changes in patients of the first group. Thus, after
rehabilitation, a significant increase in the angular velocity of
the shoulder joint abduction was noted (p = 0.02), at the same
time, a significant decrease in the angular velocity (o = 0.02)
occurred in the elbow joint while reducing the extension
and maximum angular amplitude. When studying synergy
coefficients reflecting inter-articular interactions in patients of
the second group, the significant differences after rehabilitation
were observed only by the C, coefficient, which significantly
decreased (p = 0.04) after training.

Analysis of the shoulder girdle movement biomechanics
while performing the reach test

Despite the fact that the study results demonstrated that there
was no effect of training on the severity of pathological synergy

1.5 2 25 3

Il Severe/pronounced paresis

Fig. 1. Time (s) needed to complete the reach movement n patients with varying degrees of hand paresis
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Fig. 2. The paretic hand inter-articular interactions in patients with mild/moderate (A) and severe/pronounced (B) paresis
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in patients with severe/pronounced hand paresis, the clinical
assessment showed an improvement of functional capabilities
in the paretic hand, which was expressed as a significant
improvement of fine motor skills confirmed by the ARAT test.
In some studies, a decrease in the displacement of the body
and shoulder girdle was observed during the video analysis
of movements in patients with moderate paresis having the
improved functionality according to clinical scales [15, 16]. To
confirm the hypothesis of the shoulder girdle compensatory
movement in patients with severe/pronounced hand paresis the
additional movement analysis was carried while performing the
reach test. For this purpose, the displacement of two markers
located on the acromion of the healthy and paretic shoulders in
the frontal plane was evaluated.

The results demonstrated a shoulder girdle displacement
towards the object in patients with severe/pronounced paresis
when performing the reach test before training (23 [19.8; 57.4] —
healthy shoulder; 169 [88.0; 178.0] — paretic shoulder) as well
as after training (66 [49.0; 81.0] — healthy shoulder; 215 [162.0;
229.0] — paretic shoulder) with significantly greater prevalence
of paretic shoulder displacement. In addition, the analysis
revealed a significant (o = 0.04) increase in the shoulder girdle
forward displacement when performing a reach movement
during rehabilitation.

DISCUSSION

After rehabilitation, the data was obtained that both groups of
patients not only differ significantly in their kinematic pattern,
but also have different ways of motor function recovery.

Thus, in patients with mild/moderate paresis, the motor
function restoration in the paretic hand was due to movement
performance recovery which was evidenced by an increase in
the C, coefficient, reflecting the inter-articular interaction in the

A

shoulder and elbow joints. The latter directly correlated with a
decrease in the paresis degree according to the Fugl-Meyer
Assessment Scale (r = 0.94; p = 0.01). In patients with severe/
pronounced hand paresis the motor function recovery in the
paretic hand was due to motor deficit compensation which was
evidenced by decrease in the C, coefficient. The latter inversely
correlated with a decrease in the paresis degree according
to the Fugl-Meyer Assessment Scale (r = -0.9; p = 0.03),
i.e. in said patients the functional hand movement improved
while maintaining a pathological pattern of movement. Further
analysis showed that in patients with severe/pronounced
paresis the shoulder girdle forward shift significantly increased
after rehabilitation while performing the reaching test. During the
correlation analysis, a negative relationship between the marker
displacement in the paretic shoulder and the C, value was
found (r = -0.9; p = 0.03). Relationship between the trunk and
paretic limb movements is also noted in a number of studies
[17]. These data indicate the presence of a compensatory
mechanism in patients with severe/pronounced paresis and
explain the decrease in this coefficient after rehabilitation
since the larger is the body displacement, the less are
the range of motion and maximum angles of the joints. It
can be assumed that in patients with severe/pronounced
paresis the motor skills recovery is due to compensation,
therefore, it is impossible to return to the normal pattern of
movements for patients with fully developed pathological
hand synergy. According to our data, the training carried out
by a rehabilitation specialist should not always be aimed at
overcoming pathological synergies, since it is advisable to
use compensatory mechanisms as efficiently as possible to
adapt and train patients with severe/pronounced paresis.
This conclusion was also confirmed by clinical examination
data analysis, since after rehabilitation a significant
improvement in the functionality of the paretic arm was noted
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Fig. 3. The maximum angular amplitude of different joints while performing the reach test in healthy people (A) and in patients with mild/moderate paresis (B) compared
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Motor deficit assessment according to the
Fugl-Meyer Assessment Scale
(arm movement section + wrist and
hand movement section)

N

Score below 46

!

Elbow joint flexors synergy
and spasticity assessment
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Ashworth Scale
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stereotype correction

N

Score 6-8, spasticity
below 1+

Score below 6,
spasticity over 1+

Score 8 and more,
spasticity 1 or less

Adaptation to
pathological stereotype

Pathological
stereotype correction

Pathological stereotype
correction

Fig. 4. Algorithm for choosing tactics of rehabilitation in patients with post-stroke hand paresis

in both groups of patients, in particular, their fine motor skills
improved. We assume, and this is comparable with the data
of many studies [18-21], that this effect may be associated
with the restriction absence of axis in the paretic limb during
training, as the patients are trained to act within their stereotype
and overcome it arbitrarily if necessary.

Based on the obtained clinical biomechanical data for
the groups of patients with different spasticity degree and
hand paresis severity, the algorithm of rehabilitation tactics
choosing was determined for patients with post-stroke hand
paresis (Fig. 4). In this case, an assessment before the start
of the rehabilitation and the rehabilitation strategy development
should be carried out according to the subsection of the
Fugl-Meyer Assessment Scale for the upper limb. It is
worth noting that an assessment according to the Ashworth
Scale is also necessary and should be carried out in three
muscle groups: elbow and wrist joints flexors and flexors of
the fingers. The spasticity degree which affects the patient
management tactics choice in two or more muscle groups
is 1+.
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