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Abstract

Motor dysfunction and cognitive impairment (CI) are the most prevalent and disabling among the stroke consequences. CI
decreases the effectivity of motor rehabilitation, but motor dysfunction itself may also influence the manifestations and progression
of CI. So development and study of novel physical therapy tactics, which are aiming to target both of these syndromes, becomes
a subject of great interest nowadays.

The aim of study was to evaluate the impact of different physical therapy approaches on the upper extremity function, cog-
nition and functional independence in patients in 1 year after ischemic stroke.

Materials and methods. Totally there were 72 patients examined in the 1-year period after first-ever anterior circulation
ischemic stroke. Neurological status, upper extremity function and functional independence were assessed with the National Insti-
tutes of Health Stroke Scale (NIHSS), Fugl-Meyer assessment (FMA), modified Rankin Scale (mRS) and the Functional Indepen-
dence Measurement (FIM). Cognitive function was assessed with the Montreal Cognitive Assessment (MoCA), Frontal Assessment
Battery (FAB), Trail-making Test A and B tests (TMT). Patients in Group 1 received secondary stroke prevention therapy and per-
formed the exercises complex for general muscle function improvement for 2 months; patients in Group 2 also performed the exercise
complex for paretic hand function improvement for 2 months.

Results. After 2 months of physical therapy a significant increase of the FIM «Self-care», «Transfer» and therefore subtotal
motor and total scores was observed in patients in Group 2; in Group 1 significant improvement was observed only in «Transfer»
and subtotal motor scores. Adding of the hand exercise to the physical therapy complex (Group 2) appeared to be more benefi-
cial for the upper extremity motor function. Patients in Group 2 after 2 months showed increase of the FMA «Wristy» score by
40 % (p<0.05), «Hand» score by 42.8 % (p<0.01) and «Total motor function» by 30.1 % (p<0.05), and the «Total motor function»
score in Group 2 was 10.9 % higher in comparison with the Group 1 (p<0.05). In cognitive status significant differences compared to
baseline level were observed only in Group 2; MoCA score increased by 14.3 % (p<0.05) and TMT-B performance time decreased by
14.8 % (p<0.05). Baseline MoCA score correlated with FMA «Wrist» (r=0.32; p=0.028), «Hand» (r=0.49; p=0.001) and «Total mo-
tor function» (r=0.46; p=0.004) scores. TMT-B score showed significant correlation with the FMA «Wrist» (r=—0.032; p=0.025),
«Hand» (—0.45; p=0.009), «Speed/coordination» (r=-0.023; p=0.036) and «Total motor function» (r=—0.42; p=0.023).

Conclusion. Adding of exercise for hand function improvement into the physical therapy complex for post-stroke patients
contributes to better upper extremity motor performance and therefore is more favourable for patients’ functional independence.
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Upper extremity motor impairment, especially hand and wrist dysfunction, are associated with worse cognitive performance. Hand
function and fine motor skills improvement could be beneficial for the patients’ cognition. Further research is needed in regard to the
prognostic significance of these findings and their impact on the treatment and rehabilitation strategies.
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1. Introduction

Stroke remains one of the leading causes of disability nowadays. A number of disabled
stroke survivors is constantly rising, mostly due to its high incidence and a significant decrease in
stroke mortality within the recent decades [1].

Motor and cognitive dysfunction are the most prevalent and disabling among the stroke
consequences and have a high impact life quality of the patients as well as their caregivers [2, 3].
Cognitive impairment (CI) and especially dementia decrease the effectivity of motor rehabilita-
tion [4]. Moreover, recent studies determined that motor function may also influence the course,
manifestations and progression of CI. Gait speed and grip strength may be risk factors of cognitive
decline in elderly patients [5]. Manual dexterity and fine motor skills are considered one of the
most important predictors influencing the further CI in patients with cardiovascular diseases [6, 7].
Probably these interactions are associated with the major role of the frontal lobe in cognition, espe-
cially executive functions, and motor control [8], so fine motor skills and manual dexterity improve-
ment may also be beneficial for cognition. There is similar evidence about the favourable influence
of general physical activity on cognitive functioning of patients with mild CI and dementia [9, 10].
Benefits of general physical activity for post-stroke patients have also been reported [11-13],
though they have not focused on precise evaluation and improvement of hand motor function.

Although the most active and effective recovery takes place within the first 3 months after
stroke [14], rehabilitation in later periods becomes even more relevant due to delay or ineffective
in the early rehabilitation period. That is why research, development and implementation of novel
physical therapy tactics becomes a subject of great interest and creates a prospective of increase of
rehabilitation efficacy.

The aim of study was to evaluate the impact of different physical therapy approaches on
the upper extremity function, cognition and functional independence in patients in 1 year after
ischemic stroke.

2. Materials and methods

The study was performedinthe department of neurology and neurosurgery of Ivano-Frankivsk
National Medical University and the vascular neurology department of Ivano-Frankivsk Regional
Clinical Hospital in 2018-2020.

The study design was assessed and approved by the Ethics Commission of Ivano-Frankivsk
National Medical University (Protocol No. 101/18, 12.04.2018). All experiments involving partici-
pants were conducted in accordance with the World Medical Association Declaration of Helsinki.
All patients have signed an informed consent before involvement into the study.

Totally there were 72 patients (47 males, 25 females; mean age 62 [53; 72] years) examined
in the 1-year period after first-ever anterior circulation ischemic stroke. Stroke was localized in the
left cerebral hemisphere in 39 (54.2 %) patients and in the right hemisphere in 33 (45.8 %) patients.

Exclusion criteria:

1. Haemorrhagic stroke;

2. Recurrent stroke;

3. Posterior circulation stroke;

4. Age <50 and >80;

5. Left-handed patients;

6. Period of <12 month and >24 month after stroke;

7. Plegia or severe paresis of the upper extremity;

8. modified Rankin Scale (mRS) score >2;
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9. Sensory or severe motor aphasia;

10. Malignancy and systemic comorbidities;

11. Severe depression (Hospital Anxiety and Depression Scale (HADS) score >11);

12. previous disability (orthopaedic, etc).

NeurologicalstatuswasassessedwiththeNational InstitutesofHealth Stroke Scale(NIHSS) [15],
examination of the upper extremity function was performed with the Fugl-Meyer assess-
ment (FMA) [16]. Functional independence was evaluated with the mRS [17] and the Functio-
nal Independence Measurement (FIM) [18]. Cognitive function was assessed with the Montreal
Cognitive Assessment (MoCA) [19], Frontal Assessment Battery (FAB) [20], Trail-making Test A
and B (TMT) [21]. Screening for depression was performed with the help of HADS scale [22];
pre-existing CI was excluded with the IQCODE questionnaire [23].

Patients were randomized into 2 groups. Patients in Group 1 (n=35) received secondary
stroke prevention therapy and performed the exercise complex for improvement of general muscle
function and mobility; patients in Group 2 (2=37) received secondary stroke prevention therapy,
performed the exercise complex for improvement of general muscle function and mobility and also
complex of exercises for improvement of the paretic hand function for 2 months. Patients were
examined before and after 2 months of the abovementioned therapy.

Statistical analysis of the results was carried out with the help «MS Excel» and a software
environment for statistical calculations «R» (R Core Team RR.) using nonparametric evaluation
methods. Data are shown as Median (Me) and interquartile interval [Q25 %; Q75 %)]. Correlation
between the parameters was estimated with the Spearman’s rank correlation coefficient. Statistical
significance was defined as p-value <0.05.

3. Results

Examination of the patients’ baseline neurological status and functional independence (Table 1)
showed decreased FIM total and motor subtotal scores due to poor performance in the «Self-carey,
«Transfer» and «Locomotion» subtests. After 2 months of physical therapy a significant increase
of the «Self-care», «Transfer» and therefore subtotal motor and total scores was observed in pa-
tients in Group 2; in Group 1 significant improvement was observed only in «Transfer» and subto-
tal motor scores.

Table 1
Dynamics of the functional independence and neurological status of post-stroke patients, Me [Q25 %; Q75 %]
Score
Parameter Group 1 Group 2
Baseline After 2 months Baseline After 2 months
NIHSS 8 [6; 10] 6 [4; 8] 8 [5; 10] 6 [4; 9]
mRS 2[1;2] 1[1;2] 2[1; 2] 1[1;2]
FIM parameters (range)
Self-care (0-42) 27 [21; 32] 29 [24; 35] 26 [20; 33] 33 [28; 38]*
Sphincter control (0-14) 13 [11; 14] 13 [12; 14] 13 [11; 14] 13 [12; 14]
Transfer (0-21) 14 [12; 17] 17 [14; 197* 14 [12; 16] 18 [16; 19]1*
Locomotion (0-14) 91(7;12] 1119; 12] 10 [7; 12] 11 [10; 12]
Motor subtotal score (0-91) 63 [51; 78] 70 [59; 80]* 63 [50; 75] 75 [66; 83]*
Communication (0-14) 11 [10; 13] 11 [10; 13] 11 [10; 13] 12 [11; 13]
Social cognition (0-21) 14 [11; 18] 14 [11; 18] 13 [10; 17] 15 [12; 18]
Total (0-126) 88 [72; 109] 95 [80; 111] 87 [70; 105] 102 [89; 114]*

Note: * — significant difference from the baseline level (p<0.05)
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Examination of patients’ baseline upper extremity function with the FMA detected motor
dysfunction, which mostly manifested in low «Wrist» and «Hand» subtests scores and therefore
resulted in decreased «Total motor function» (Table 2). 2 months of physical therapy for general
muscle function and mobility improvement (Group 1) caused increase of the «Total motor func-
tion» FMA score by 15.0 % (p<0.05). Adding of the hand exercise to the physical therapy com-
plex (Group 2) appeared to be more beneficial for the upper extremity motor function. Patients
in Group 2 after 2 months showed increase of the «Wrist» score by 40 % (p<0.05), «Hand» score
by 42.8 % (p<0.01) and «Total motor function» by 30.1 % (p<0.05). Moreover, the «Total motor
function» score in Group 2 was 10.9 % higher in comparison with the Group 1 (p<0.05).

Table 2
Dynamics of the upper extremity function in post-stroke patients, Me [Q25 %; Q75 %]
Score
FMA parameter (range) Group 1 Group 2
Baseline After 2 months Baseline After 2 months

Upper extremity (0-36) 24 [17; 30] 27 [21; 32] 24 [18; 32] 29 [23; 34]
Wrist (0—-10) 503,71 6 [4; 8] 512;7] 7[5; 91*
Hand (0-14) 8 [5; 10] 9 [6; 11] 7[4; 9] 10 [7; 12]**
Speed/coordination (0—6) 413;5] 4[4; 5] 413;5] 514 5]
Total motor function (0—66) 40 [27; 52] 46 [34; 57]* 39 [26; 53] 51 [39; 60]*/***
Sensation (0—12) 8 [5; 10] 9 [6; 11] 8 [6; 10] 10 [5; 10]
Passive joint movement (0—24) 14 [11; 20] 14 [11; 22] 13 [10; 19] 14 [10; 20]
Joint pain (0-24) 17 [16; 20] 18 [16; 21] 18 [16; 21] 18 [16; 21]

Note: * — significant difference from the baseline level (p<0.05); ** — significant difference from the baseline level (p<0.01);
*** _ significant difference from the Group 1 level (p<0.05)

Evaluation of cognitive functions determined decreased total MoCA and FAB tests score
compared to cut-off levels, and increase of TMT-A and TMT-B performance time (Table 3). After
2 months of physical therapy significant differences compared to baseline level were observed only
in Group 2; MoCA score increased by 14.3 % (p<0.05) and TMT-B performance time decreased
by 14.8 % (p<0.05).

Table 3
Dynamics of the cognitive functions parameters in post-stroke patients, Me [Q25 %; Q75 %]
Score
Parameter (range) Group 1 Group 2
Baseline After 2 months Baseline After 2 months
MoCA (0-30) 22 [18; 24] 23 [19; 25] 21 [17; 24] 24 [19; 24]*
FAB (0-18) 13 [12; 14] 13 [12; 14] 13 [12; 15] 14 [12; 14]
TMT-A (sec) 54 [45; 70] 50 [43; 65] 53 [44; 69] 49 [41; 62]
TMT-B (sec) 146 [125; 167] 138 [121; 159] 149 [129; 176] 127 [109; 1477*

Note: * — significant difference from the baseline level (p<0.05)
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Assessment of correlations between the baseline cognitive and FMA motor parameters was
performed for determination of the associations between these indices. The most significant cor-
relations were found out between the FMA «Hand», «Total motor function» subtests and cogni-
tive functions indices (Table 4). MoCA score correlated with FMA «Wrist» (r=0.32; p=0.028),
«Hand» (r=0.49; p=0.001) and «Total motor function» (#r=0.46; p=0.004) scores. TMT-B score
showed significant correlation with the FMA «Wristy (r=-0.032; p=0.025), «Hand» (r=-0.45;
»=0.009), «Speed/coordination» (r=—0.023; p=0.036) and «Total motor function» (r=—0.42;
p=0.023). «Hand» score also correlated with the FAB (r=0.41; p=0.022) and TMT-A (r=-0.29;
p=0.037) scores.

Table 4
Correlations between the arm motor function and cognition parameters in post-stroke patients
FMA parameter r p-value
MoCA
Upper extremity 0.19 0.114
Wrist 0.32%* 0.028
Hand 0.49* 0.001
Speed/coordination 0.37 0.075
Total motor function 0.46* 0.004
FAB
Upper extremity 0.19 0.119
Wrist 0.37 0.096
Hand 0.41%* 0.022
Speed/coordination 0.23 0.097
Total motor function 0.43%* 0.015
TMT-A
Upper extremity -0.37 0.203
Wrist —-0.41 0.106
Hand —0.29% 0.037
Speed/coordination -0.16 0.099
Total motor function —-0.34 0.067
TMT-B
Upper extremity -0.22 0.094
Wrist —0.32* 0.025
Hand —0.45% 0.009
Speed/coordination —0.23* 0.036
Total motor function —0.42% 0.023

Note: * — significance of correlation
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4. Discussion

Interactions between cognitive and motor impairment attract more attention during the last
years. Prevalence of post-stroke CI is high and varies from 19 to 92 %, depending on severity and
the method used for its detection [2, 3, 24]. Upper extremity motor impairment is a leading factor
that impacts long-term disability due to a major role of manual dexterity in patients’ self-care
and functional independence. These syndromes are usually studied and treated as distinct entities,
though both of them may influence each other’s course and manifestations.

A significant improvement of the FIM total and motor subtotal scores in Group 2 patients,
who performed physical exercise for improvement of both general muscle function and hand func-
tion, was mostly due to increase of the «Self-care» subtest score. This subtest assesses activities
of eating, grooming, bathing and toileting, which are provided by the upper extremity. Patients of
both groups demonstrated increase of FMA upper extremity «Total motor function» score in com-
parison with the baseline level, though this index was significantly higher in Group 2 because of
hand and wrist function parameters. Total FIM score after 2 months significantly increased from
the baseline level only in Group 2. This fact allows us to assume that physical therapy which is
targeting upper extremity function is more beneficial for patients’ functional independence.

There is evidence that handgrip weakness and asymmetry are associated with CI [6, 25]
and hand motor dysfunction may be considered a probable predictor of further cognitive de-
cline in the cardiovascular patients’ population [7]. In our study the most significant correlations
were observed between the baseline arm motor functioning and cognitive scales which include
examination of the executive functions (TMT A and B, FAB, MoCA). Fine motor skills impair-
ment, which resulted in decreased FMA «Hand», «Wrist» and «Total motor function» scores in
examined patients also appeared to be associated with the CI manifestations; upper arm function-
ing score didn’t demonstrate significant correlation with cognition.

Positive dynamics of cognitive functioning was observed in Group 2 in MoCA score and
TMT-B performance time. These findings may be explained by the role of the frontal lobe in pro-
viding of both motor control, cognition and executive functions in particular, which is the underly-
ing basis of these interactions between cognition and fine motor skills [8].

Finally, these findings suggest that inclusion of exercise which precisely target hand func-
tion and fine motor skills into their physical therapy complex favourably influences their functional
independence and may also be beneficial for cognition.

Study limitations. The study involved a small number of patients. Future studies will be-
nefit from increase of the number of patients and a longer period of physical therapy interventions.

Prospects for further research. Further research with inclusion of larger number of
patients, assessment of their motor and cognitive status dynamics after a longer period
of time is needed in regard to the prognostic significance of the interactions between the
hand functioning and cognition and their impact on the treatment and rehabilitation strategies
of post-stroke patients.

5. Conclusions

1. Adding of exercise for hand function improvement into the physical therapy com-
plex for post-stroke patients contributes to better upper extremity motor performance (increase
of «Wrist» score by 40.0 % (p<0.05), «Hand» score by 42.8 % (p<0.01) and «Total motor func-
tion» by 30.1 % (p<0.05) from baseline and therefore is more favourable for patients’ functional
independence.

2. Upper extremity motor impairment, especially hand and wrist dysfunction, are associa-
ted with worse cognitive performance in MoCA (r=0.49; p=0.001; »=0.32; p=0.028, respectively)
and TMT-B (r=-0.45; p=0.009; r=-0.32; p=0.025, respectively) tests.

3. Hand function and fine motor skills improvement could be beneficial for the patients’
cognition.
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