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ABSTRACT

Obijective: Cognitive impairment and loss of upper limb functions
are common after stroke and these two components can influence
each other in anatomical and functional contexts. In this study, it was
aimed to examine the relationship between cognitive level and upper
extremity functions in patients with chronic stroke.

Method: The study included 39 individuals diagnosed with stroke,
in the chronic phase and with a mean age of 61.33+£12.71 years, who
were evaluated at Pamukkale University Hospital. Standardized Mini
Mental Test (SMMT) and Stroop Test Basic Sciences Research
Group (TBAG) Form were used to evaluate the cognitive levels of
individuals. Fugl Meyer Upper Extremity Rating Scale, Frenchay
Arm Test and Box-Block Test were used to evaluate upper extremity
functions.

Results: When the findings of the study were examined, statistically
significant relationships were found between the Standardized Mini
Mental Test and the Fugl Meyer Upper Extremity Rating Scale,
Frenchay Arm Test and Box-Block Test (p<0.05). Between SMMT
and ‘Flexor synergy’ and ‘Normal reflex activity’, which are sub-
titles of Fugl Meyer Upper Extremity Rating Scale a statistically
significant correlation was found (p<0.05). In addition, between the
subtitles of the Stroop Test TBAG form ‘Chapter 3 Error’ and the
subtitles of the Fugl Meyer Upper Extremity Evaluation Scale
‘Reflex Activity’; statistically significant relationships were also
found between ‘Chapter 2 Correction’ and ‘Reflex activity’,
‘Extensor synergy’ and ‘Non-synergy movement’(p<0.05). No
statistically significant correlation was found between the other parts
of the Stroop Test TBAG Form and the scales assessing upper
extremity functions (p>0.05).

Conclusion: The results obtained from this study show that there is
a relationship between the cognitive level and upper extremity
functions in patients with chronic stroke. More efficiency can be
obtained by taking ocnsider these two components as two
components that may affect each other in the evaluation stages of
patients and may help to create more personalized and successful
programs.

Key Words: Chronic Stroke, Cognitive Level, Upper Extremity,
Function
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Amag: Inme sonrast kognitif bozukluk ve iist ekstremite
fonksiyonlarinda kayiplar yaygindir ve bu iki bilesen anatomik ve
fonksiyonel baglamda birbirini etkileyebilmektedir. Bu ¢aligmada

kronik inmeli hastalarda kognitif diizey ile iist ekstremite fonksiyonlari
arasindaki iliskinin incelenmesi amaglandi.

Yontem: Calismaya Pamukkale Universitesi Hastanesi'nde
degerlendirilen inme tanisi almus, kronik evrede ve yas ortalamasi
61.33+£12.71 olan 39 birey dahil edildi. Bireylerin kognitif diizeylerini
degerlendirmek igin Standardize Mini Mental Test (SMMT) ve Stroop
Testi Temel Bilimler Arastirma Grubu (TBAG) Formu kullanildi. Ust
ekstremite fonksiyonlarim degerlendirmek icin Fugl Meyer Ust
Ekstremite Degerlendirme Olgegi, Frenchay Kol Testi ve Kutu- Blok
Testi kullanildi.

Bulgular: Calismanin bulgular1 incelendiginde, Standardize Mini
Mental Test ile Fugl Meyer Ust Ekstremite Degerlendirme Olgegi,
Frenchay Kol Testi ve Kutu-Blok Testi arasinda istatistiksel olarak
anlamli iliskiler bulundu (p<0.05). SMMT ile Fugl Meyer Ust
Ekstremite Degerlendirme Olgeginin alt basliklar1 olan “Fleksor
Sinerji” ve “Normal Refleks Aktivite” arasinda istatistiksel olarak
anlamli bir iliski bulundu (p<0.05). Ayrica Stroop Testi TBAG
formunun alt basliklar1 olan “Bolim 3 Hata” ile Fugl Meyer Ust
Ekstremite Degerlendirme Olgegiin alt baslhklar1 olan “Refleks
Aktivite” arasinda; “Bolim 2 Diizeltme” ile “Refleks Aktivite”,
“Ekstansor Sinerji” ve “Sinerji Dis1 Hareket” arasinda da istatistiksel
olarak anlamli iligkiler bulundu (p<0,05). Stroop Testi TBAG
Formunun diger bolimleri ile {iist ekstremite fonksiyonlarini
degerlendiren Olgekler arasinda istatistiksel olarak anlamli bir iliski
bulunmadi (p>0.05).

Sonug: Bu galismadan elde edilen sonuglar kronik inmeli hastalarda
kognitif diizey ile iist ekstremite fonksiyonlar1 arasinda iliski oldugunu
ve rehabilitasyon siirecinde kognitif terapiler ile {ist ekstremite
fonksiyonlarini gelistirmeye yonelik tekniklerin birlikte uygulanarak
tedaviden daha fazla verim alinabilecegini gosterdi.

Anahtar Kelimeler: Kronik Inme, Kognitif Diizey, Ust Ekstremite,
Fonksiyon
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INTRODUCTION

Stroke, cerebrovascular accident (CVA); it is a serious syndrome that
causes damage to a certain region of the brain due to problems in the
blood circulation, and clinical findings are seen according to the
affected brain region. It may develop due to stroke, ischemia or
hemorrhage. Symptoms settle quickly, vary in severity, and can result
in death [1,2]. The cause of stroke, the portion supplied by the affected
artery in stroke, and the size of this portion affect the clinical findings
accompanying the stroke [3]. Loss of balance and coordination,
impaired gait, sudden headache of unknown origin are the most
common acute clinical findings [4].

Cognitive impairment is common after stroke, and studies have shown
that this rate is 35% in the first 3 months and 32% in the next 3 years
[5,6]. Depending on the location and severity of the lesion, the severity
and type of cognitive impairment may also vary in stroke patients. Loss
of patients' memory, attention, concentration, problem solving,
thinking and decision-making abilities are frequently encountered
problems. It is accepted by some authors that visual-spatial perception
and apraxia are among cognitive problems. In order to provide an
effective and successful rehabilitation, patients must be able to
perceive commands, give the necessary responses and have the
capacity to learn. Loss of these abilities will negatively affect the
rehabilitation process [6-9].

The most common neurologic involvement after stroke is in upper
extremity motor functions, and studies show that upper extremity
dysfunction is present in 85% of patients [10]. If stroke severity is
severe, only 15% of patients may experience improvement in hand
functions [11]. Studies have shown that upper extremity neurologic
dysfunction after stroke showed that recovery was in the first 3 months

13].

Studies conducted in recent years show that cognitive and physical
areas are closely related [12], but neurorehabilitation focuses more on
the motor system and the cognitive aspect of motor movements is put
into the background [13]. Attention is very important for perception —
cognition ability, and attention losses in stroke patients cause decreases
in motor functions. Disturbances in the motor mechanism of the
pyramidal system also lead to upper extremity functional losses in
stroke patients [14]. Motor dexterity of the hemiparetic upper
extremity has been shown to be associated with increased activation of
the prefrontal areas involved in working memory and visuospatial
transformations [15]. These results suggest that cognitive aspects of
motor control are associated with modulation of activity in the
common motor cortical area and associated areas [16].

Studies on the rehabilitation process of stroke patients have shown that
cognitive processes and arm motor development have a positive
relationship and that deficits in memory and executive attention
negatively affect upper limb motor recovery of patients [17,18].
Although research in recent years has increasingly focused on the
effect of cognitive performance on motor performance [19], many
studies on upper extremity rehabilitation after stroke have not
considered cognitive skills. The ICF (International Classification of
Function) definition, which is the basis for planning rehabilitation
processes, considers body structure and functions, activity and
participation parameters, and cognitive and motor processes as
processes that affect each other [20]. Considering these relationships
between upper extremity performance and cognitive skills, it is
emphasized that these parameters should not be considered separately
in rehabilitation and evaluation processes.

Studies have focused on the effects of cognitive rehabilitation
approaches on motor function, and there are few studies on upper
extremity functions, more specifically. Our study was planned based
on the hypothesis that cognitive processes and upper extremity
performance are related in chronic stroke patients. Our aim is to
contribute to the literature and to give clinicians an idea about the
evaluation process of patients by considering these parameters.

23

METHOD
Research Design and Population

The population of the study, which was planned as a descriptive and
cross-sectional study, consisted of stroke patients evaluated at
Pamukkale University Hospital between August 2020 and April 2021.
39 individuals, 12 women and 27 men with a mean age of 61.33+12.71
years who were diagnosed with stroke were included in the study.
While the inclusion criteria of the individuals in the study were to be
volunteers, to have had an ischemic or hemorrhagic stroke, to be
diagnosed with CVA at least six months ago, to have no more than one
stroke, to have no communication problems, and to be able to read and
write, the exclusion criteria were; having hearing loss, receiving
additional treatment for rehabilitation, having an orthopedic disorder,
having undergone recent surgery, having additional neurological
disease other than stroke, having a psychological disorder, having a
previous disease that may affect his cognitive level, and not meeting
the inclusion criteria. The inclusion processes of the individuals
participating in the study are shown in Figure 1.

47 individuals diagnosed

with stroke were

reached.

3 individuals were excluded
from the study because they
wete not in the chronic

2 individuals did not want
phase.

to be included in the
study.

42 individuals were
evaluated.

3 individuals were excluded
from the study
hearing

problems

due to

and vision

The study was completed with
39 individuals.

Figure 1. The scheme of selection of individuals to work
Sample Size Calculation

G*Power package software program (G*Power, Version 3.1.9.7, Franz
Faul, Universitdt Kiel, Germany) was used to calculate the required
sample size for the study. Considering the upper extremity function
parameter in a similar study [21], it was calculated that a sample of 34
people was required to obtain 90% power with an effect size of d=0.20,
type I error of 0=0.05 and type II error of $=0.10. The sample selection
of the study was completed with 39 chronic stroke patients who met
the inclusion criteria using simple random sampling method.

In addition to the demographic data of the individuals participating in
the research; history of stroke, type of stroke, personal and family
history, height and weight, use of assistive devices, smoking, alcohol
use, dominant and affected extremities, and existing comorbidities
were also recorded. All individuals were evaluated in Pamukkale
University Hospital.

Outcome Measures
Cognitive State

The cognitive levels of the individuals participating in the study were
evaluated with the Standardized Mini Mental Test and the Stroop Test
TBAG Form.

The Standardized Mini-Mental Test (SMMT) created by Folstein et al.
in 1975, is a practical and easy-to-apply test for the assessment of
cognitive and dementia disorders [22]. The reliability and validity
studies of the Turkish form of SMMT were performed by Giingen et



Karya J Health Sci. 2024; 5(1): 22-27

al. in 2002. SMMT; It consists of five parts: orientation, recording,
attention and calculation, recall and language tests. The total score is
30, those who score 24 points or less are at risk for cognitive
impairment [23,24].

The Stroop Test was developed by Stroop in 1935 and is a
neuropsychological test that measures focused attention and
information processing speed. The test is based on measuring the
reader's reaction time in the face of this confounding effect when the
color of the written word and the color the word expresses are different
[25]. In this study, the Stroop Test TBAG form, adapted to Turkish
culture and proven to be valid and reliable, was used, which was
developed within the scope of the Stroop Test BILNOT Battery. Stroop
Test TBAG Form is applied with four cards and consists of five parts.
Color names printed in black on the 1st card, color names printed in
color on the 2nd card (the color in which the word is written on this
card and the color the word denotes are different), the circles printed
in different colors on the 3rd card, and the neutral words printed in
color but without a color name are included on the 4th card. The 2nd
card with the color names printed in color is used both in the 2nd part
and in the 5th part. In the evaluation, the duration of each section, the
number of errors and corrections are recorded [26].

Upper Extremity Functions

Upper extremity functions of the individuals participating in the study
were evaluated with Fugl Meyer Upper Extremity Rating Scale,
Frenchay Arm Test and Box Block Test (BBT).

The Fugl Meyer Upper Extremity Rating Scale (FMA-UE) is a
frequently recommended scale, especially for use in stroke patients,
and is based on measuring performance [27, 28]. The test consists of
reflex activity, flexor and extensor synergy, combined synergistic
movements, non-synergy movements, normal reflex activity, wrist and
hand evaluation, coordination and speed evaluation. It consists of 33
items in total and each item is scored between 0 and 2 points (0: unable,
1: partially able, 2: fully able). The total score is 66. It is easy to apply,
it does not require much equipment, the items in the house are
sufficient and it takes about 30 minutes [29, 30].

The Frenchay Arm Test is based on measuring the functional abilities
of the affected upper extremity. The test consists of five simple upper
extremity tasks. In case of successful completion of the tasks, 1 point
is awarded and the total score is 5. The patient tries to do the following
five items using the affected upper extremity:

1- Fixing the ruler

2- Keeping a cylinder

3- Raising the glass

4- Attaching a latch to the bar
5- Combing hair [31].

The application of the Frenchay arm test to individuals is shown in
Figure 2.

Figure 2. The application of the Frenchay arm test to individuals
(Attaching a peg to a stick- Fixing the ruler)
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The Box-Block Test was developed to assess rough manual dexterity
and is a very simple, practical and quick test to use. For the test, a box
and small wooden blocks are used, which is divided into two equal
areas right in the middle. Small wooden blocks are all placed on one
side of the box. For the test, the patient is told to throw the wooden
blocks in one section into the other section as quickly as possible and
60 seconds are given. The test is applied to both the dominant and non-
dominant hand and the number of wooden blocks thrown to the
opposite side gives the total score. The test is particularly suitable for
patients with limited grip and dexterity [32]. The application of the
Box- Block test to the individuals is shown in Figure 3.

Figure 3. Application of the Box-Block test to the individuals.
Ethical Approval

This study was performed in line with the principles of the Declaration
of Helsinki. Approval was granted by the Pamukkale University Non-
Interventional Clinical Research Ethics Committee on 29/07/2020
(No:14). All participants were informed about the study before
participating in the study and the necessary written consent was
obtained.

Statistical Analysis

Statistical analysis of the data was performed using IBM SPSS version
26. The conformity of the data to the normal distribution was examined
using the Shapiro Wilk test, histograms and probability pilots.
Normally distributed data were showed as mean- + standard deviation
(SD), non-normal distributions were showed as median (minimum-
maximum), and ordinal variables were showed as frequency and
percentage. Spearman correlation analysis was used to examine the
relationship between the data. P<0.05 was accepted for statistical
significance. Correlation analysis results were classified as follows:
0.00-0.20 (poor correlation), 0.21-0.40 (fair correlation), 0.41-0.60
(moderate correlation), 0.61-0.80 (good correlation), and 0.81-1.00
(very good correlation) [33].

RESULTS

A total of 39 individuals, 12 women (30.8%) and 27 men (69.2%), with
a mean age of 61.33+12.71 years, aged between 43 and 87 who were
diagnosed with stroke were included in the study. Demographic data
of individuals are shown in Table 1.

Table 1. Demographic data of individuals

Variables Mean+SD Median ~ Minimum-Maximum
Age (years) 61.33+12.71 60 43-87

Length (cm) 166.38+6.62 167 152-180

Body weight (kg) 78.74+13.73 80 52-110
BMI(kg/m?) 28.49+5.13 28.30 18.64-41.91
Disease duration (month) 20.10+2.37 14 7-66

SD:Standart deviation, BMI:Body mass index.
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Twenty of the subjects had left extremity involvement, 19 had right
extremity involvement, and 32 had ischemic stroke and 7 had
hemorrhagic stroke. Other descriptive characteristics of individuals are
shown in Table 2.

Table 2. Descriptive characteristics of individuals

Variables n %

Female 12 30.8
Gender

Male 27 69.2

Ischemic 32 82.1
Type of stroke

Hemorrjahic 7 17.9

Right 19 48.7
Effected side

Left 20 51.3

Yes 18 46.2
Smoking

No 21 53.8

Yes 1 2.6
Alcohol use

No 38 97.4

Yes 24 61.5
Use of assistive devices

No 15 38.5
Total 39 100

n:Number, %:Percent

According to the Standardized Mini Mental Test, the cognition levels
of the cases; 6 of them were severe dementia (15.4%), 9 of them were
mild dementia (23.1%), and 24 of them were normal (61.5%). The
findings related to the numerical data obtained from the Standardized
Mini Mental Test and Stroop Test TBAG Form test results, Fugl Meyer
Upper Extremity Assessment Scale total score and sub-headings,
Frenchay Arm Test and Box Block tests of the individuals included in
the study are shown in Table 3 and Table 4.

Table 3. Findings related to cognition level assessment scales of
individuals

Scales X+SD Median Min-Max
SMMT 23.79+5.31 26 11-29
Stroop Part 1- Time (s) 22.56+6.72 23.15 9-37.15
Stroop Part 2- Time (s) 28.27+7.33 26.20 13.10-46.11
Stroop Part 3- Time (s) 29.64+7.81 28.70 13.56-50.77
Stroop Part 4- Time () 37.19+£7.59 37.40 21.50-52.65
Stroop Part 5- Time (s) 43.23+9.32 43.75 24.70-69.10
Stroop Part 1- Error 0.12+0.65 0 0-4
Stroop Part 2- Error 0.38+1.16 0 0-6
Stroop Part 3- Error 0.48+0.75 0 0-2
Stroop Part 4- Error 0.66+1 0 0-4
Stroop Part 5- Error 0.74+0.96 0 0-3
Stroop Part 1- Correction 0.254+0.63 0 0-3
Stroop Part 2- Correction 0.38+0.74 0 0-3
Stroop Part 3- Correction 0.41£0.67 0 0-2
Stroop Part 4- Correction 0.56+0.82 0 0-3
Stroop Part 5- Correction 1.35+1.01 1 0-4

X:Mean, SD:Standard deviation, Min:minimum; Max:maximum; S:Second

As a result of the correlation analysis, a statistically fair level of
significant and positive correlation was found between the
Standardized Mini Mental Test (SMMT) and the Fugl Meyer Upper
Extremity Rating Scale, Frenchay Arm Test and Box-Block Test
(affected extremity) (respectively; r:0.327, p:0.042; r:0.327, p:0.042;
r:0.326, p:0.043). In addition, a moderately significant and positive
relationship was found between SMMT and Flexor synergy and
Normal reflex activity, which are sub-headings of the FMA-UE
(r:0.470, p:0.003 and r:0.401, p:0.011, respectively). A statistically fair
level of significant and negative correlation was found between the
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Table 4. Findings related to the upper extremity rating scales of
individuals

Scales X+SD Median Min-Max
Fugl-Meyer Upper Extremity Rating .
Scale (Total) 40.20+16.78 43 7-66
Reflex activity (FMA-UE) 3.33£1.32 4 0-4
Flexor synergy (FMA-UE) 7.714£2.75 8 1-12
Extensor synergy (FMA-UE) 4.35£1.59 4 1-6
Combined synergistic movements .
(FMA-UE) 3.71£2.06 4 0-6
Non-synergy movements (FMA-UE) 3.20+1.92 3 0-6
Normal reflex activity (FMA-UE) 0.97+£2.15 0 0-6
Wrist assessment (FMA-UE) 5.66+3.60 7 0-10
Hand assessment (FMA-UE) 8.30+4.05 8 0-14
Coordination and speed (FMA-UE) 3.07+1.36 3 1-5
Frenchay Arm Test 3.64+1.67 4 0-5
Box-BI_ock Test (affected upper 240441425 26 0-55
extremity)

Box-BI_ock Test (unaffected upper 49 28+14.42 49 21-84
extremity)

FMA-UE:Fugl-Meyer Upper Extremity Rating Scale

Stroop Test Chapter 3 Error section and the reflex activity, which is
one of the sub-headings of FMA-UE (r:-0.391, p:0.014). On the other
hand, a statistically fair significant and negative correlation was found
between the Section 2 Correction section of the Stroop Test and the
reflex activity and non-synergy movement sections of the FMA-UE,
and a moderately significant and negative relationship between the
extensor synergy section (r:-0.384, respectively). p:0.016; r:-0.389,
p:0.015; r:-0.564, p<0.001; r:-0.389, p:0.015). There was no
significant relationship between the other parts of the Stroop test and
the upper extremity rating scales (p>0.05). The findings of the
correlation analysis of the data are shown in Table 5.

Table 5. Correlation analysis findings of the data

Fugl Frenchay Box and Box and
Variables Meyer Arm Block Test Block Test
UERS Test (affected) (unaffected)
r.0.327* r:0.327* r:0.326* r:0.229
SMMT 0:0.042 0:0.042 0:0.043 p:0.161
. r:- 0.220 r:- 0.156 r:- 0.246 r:- 0.036
Stroop P1-time p0.079  p0.342 p:0.131 p:0.827
. r:-0.87 r:-0.196 r:-0.187 r:-0.052
Stroop P2-time p:0.597 0:0.232 0:0.255 p:0.751
Stroop P3-time r:0.092 r:-0.051 r:-0.177 r:-0.002
P p:0.576 p:0.760 p:0.280 p:0.989
Stroop P4-time r:-0.113 r:-0.190 r:-0.199 r:-0.023
P p:0.495 p:0.246 p:0.225 p:0.889
Stroop P5-time r:-0.008 r:-0.074 r-0.113 r:-0.155
P p:0.962 p:0.653 p:0.493 p:0.346
Stroop Pl-error r:-0.189 r:-0.017 r:-0.096 r:0.102
P p:0.249 p:0.918 p:0.560 p:0.536
r:-0.250 r:-0.105 r:-0.274 r:0.006
Stroop P2-error p0.125  p:0.526 p:0.091 p:0.973
Stroop P3-error r:0.009 r:0.078 r:0.115 r:-0.153
P p:0.956 p:0.636 p:0.485 p:0.352
Stroop P4-error r:0.065 r:-0.077 r:0.070 r:0.177
P p:0.693 p:0.640 p:0.673 p:0.282
Stroop P5-error r:0.139 r:0.103 r:0.248 r:0.217
P p:0.398 p:0.533 p:0.128 p:0.184
Stroon P1-correction r:-0.051 r:-0.035 r:0.015 r:0.013
P p:0.757 p:0.832 p:0.925 p:0.936
Stroon P2-correction r:-0.347* r-0.291 r:-0.278 r-0.177
P p:0.031 p:0.073 p:0.087 p:0.282
Stroon P3-correction r:0.038 r:-0.180 r:-0.182 r:0.173
P p:0.818 p:0.274 p:0.266 p:0.294
Stroon P4-correction r:0.126 r:0.099 r:0.203 r:-0.028
P p:0.446 p:0.550 p:0.214 p:0.865
Stroop P5-correction r:0.128 r-0.031 r:0.104 r-0.123
P p:0.436 p:0.850 p:0.527 p:0.456

SMMT:The Standardized Mini-Mental Test, Strroop P:Stroop Part, r:correlation
coefficient, *p<0.05.
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DISCUSSION

In the recent study in which we examined the relationship between
cognitive level and upper extremity functions in patients with chronic
stroke, we found that there was a relationship between general
cognition level and upper extremity functions, but there was a limited
relationship between cognitive information processing and attention
skills and upper extremity functions. These results support our study
hypothesis in general.

Imaging studies examining the relationship between cognition and
upper extremity function in stroke patients show that movement-
related activity in the premotor and prefrontal cortex is dependent on
the cognitive context [34]. Another similar physiologic basis is that the
area occupied by the upper extremity in the motor and sensory
homunculus is greater than the lower extremity. Especially in middle
cerebral artery injuries, since this artery perfuses the areas
corresponding to the upper extremity and face regions in the
homunculi, the effect will be greater in these areas. Therefore, any
damage to the cortex will affect upper extremity functions more [35].

In a study that evaluated upper extremity functions with the Box-Block
Test in acute stroke patients, similar to our study, and examined its
relationship with cognition, it was shown that cognitive performance
is effective on arm motor skills [36]. Similar to our study, Roh et al.
examined the relationship between cognition and upper extremity
performance in chronic stroke patients and the effects of these
parameters on activities of daily living. Their results showed that the
two parameters were related to each other and to the performance in
daily living activities [37].

The results of the recent study support our hypothesis based on this
neurophysiological basis and show that there is a relationship between
general cognitive level and upper extremity functions.

There are four studies examining the relationship between the affected
extremity and cognitive functions in stroke patients, and these studies
found correlations between both attention and visuospatial functions
and extremity functions [38- 41]. The relationship between sustained
attention and affected upper extremity functions has also been
demonstrated in patients with right hemisphere involvement,
especially two years after stroke [39]. In addition, an association was
found between affected hand motor skills and basic attention and
reasoning in the acute period [38]. Levin et al. showed that executive
function performance has a more significant effect on upper extremity
function than other cognitive abilities in stroke patients [42]. In another
study, this was attributed to the fact that executive functions play a
major role in the body's ability to make the necessary adjustments to
changing environmental conditions as a result of functional
movements [43]. In this recent study, we found associations between
information processing speed and selective attention abilities and
upper extremity parameters in patients with chronic stroke that are
difficult to generalize. The reasons for this result can be varied. To
assess executive functions and selective attention, we used the Stroop
Test, a cognitive test consisting of different colors and words in which
abilities are assessed in units of duration, error and correction. The test
is a commonly used test to assess selective attention and executive
functions in stroke patients and in upper extremity injuries in order to
examine the effect of cognitive performance on motor performance
[44,45]. We included stroke patients with a wide age range and varying
levels of visual and reading skills, which may have affected their
performance on the Stroop Test. The SMMT, another test we use to
assess cognitive level, is one of the most well-known tests for the
assessment of general cognitive level, memory and dementive
disorders. Our findings showed that there were significant correlations
between all parameters evaluating the upper extremity and SMMT.
This may be attributed to both the physiological basis of our study and
the way the test was adapted. The majority of the SMMT was
administered in a question and answer format between the assessor and
the patient, which facilitates the completion of the test for the patient.
Although findings of the recent study support similar studies in the
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literature, there is a need to find stronger associations using different
measures specific to these abilities in order to make stronger
interpretations.

Recovery in upper extremity functions after stroke is more difficult
compared to lower extremity. This is due to the fact that upper
extremity functions are more complex. From a functional point of
view, upper extremity especially hand functions involve difficult fine
motor skills such as manipulation, grasping and holding; lower
extremity functions include skills such as keeping the body in balance
and in an upright position and walking [11,46]. Upper extremity
movements require more cognitive components as they require more
attention, concentration and a more goal-oriented approach compared
to lower extremity movements. Therefore, losses at the level of
cognition affect upper extremity functions more. In our study, we used
three different tests to evaluate upper extremity functions. There are
many studies using these tests in stroke patients [47-49]. The Fugl
Meyer Upper Extremity Assessment Scale is a comprehensive scale
that considers upper extremity functions in the context of symptoms,
similar to a neurological examination. The Frenchay Arm Test
evaluates upper extremity functions based on functional skills in daily
life. Box-Block Test is an easily applicable and understandable test
that evaluates gross motor skills of the hand. In the design of the study,
it was aimed to comprehensively evaluate upper extremity functions
by using these three tests. One of the aspects that makes our study
different from the relevant literature is that it provides a more holistic
view of upper extremity functions by using different tests that evaluate
more than one function, rather than a single test.

Limitations

Our study has some limitations. The first of these was that the age
range of the patients included in the study was wide and therefore their
various physical abilities showed a wide range of variation. This
caused the results of the tests to be very variable. Another limitation
was that it was not taken into account that whether the patients were
right or left dominant could affect their cognitive and arm skills.

The literature focuses on the contribution of using various cognitive
strategies during the treatment process to the development of upper
extremity function rather than the evaluation phase. We think that the
results of recent study will be beneficial especially in terms of giving
clinicians a preliminary idea about the patients in the evaluation
process, providing a more individualized treatment program for
patients, and using more accurate techniques during rehabilitation.

CONCLUSION

The results of recent study show that there is a significant relationship
between general cognitive level and upper extremity function in
patients with chronic stroke.

Clinicians and researchers may consider these two components as two
components that may affect each other in the evaluation stages of
patients and may help to create more personalized and successful
programs. Planning rehabilitation programs by taking cognition and
upper extremity performance into consideration can make the process
more goal oriented and effective in terms of intervention-time
interaction.
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