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Impaired motor function is a common disabling sequela af-
ter stroke. It is closely associated with the patient's quality
of life and independence. Neuropsychological dysfunc-
tions also frequently occur in stroke patients. In this pa-
per, we evaluate the relationship between the recovery of
motor function and neuropsychological functions, includ-
ing cognition, language, emotion, behavior, personality,
and social interaction, to provide appropriate and effec-
tive therapy for stroke patients. Motor function, neuropsy-
chological status, social functioning, as well as emotional
aspects such as depression and anxiety symptoms, were
initially evaluated one month after cerebral infarction on-
set. The evaluations were repeated three months after the
onset. Motor function was assessed with the Modified
Barthel Index. The neuropsychological status was evalu-
ated using the Mini-Mental State Examination, Global De-
terioration Scale, digit span test, Korean-Boston Naming
Test, Vineland Social Maturity Scale, Neuropsychiatric In-
ventory, Beck's Depression Inventory, and Beck Anxiety
Inventory. In the results, the Modified Barthel Index, Mini-
Mental State Examination, Global Deterioration Scale,
digit span test, and Vineland Social Maturity Scale were
significantly different between the two-time points (P <

0.05). Initial Social Maturity Scale Social Age and Social
Maturity Scale Social Quotient categories of the Vineland
Social Maturity Scale and Mini-Mental State Examination
scores were significantly correlated with Modified Barthel
Index improvement (P < 0.05). The amount of change
in the Social Maturity Scale Social Age and Social Matu-
rity Scale Social Quotient scores was significantly corre-
lated with Modified Barthel Index improvement (P< 0.05).
In multiple linear regression analysis, only the initial So-
cial Maturity Scale Social Quotient score and the amount
of score change in Social Maturity Scale Social Quotient

showed a significant correlation with Modified Barthel In-
dex improvement (P < 0.05). Social function and inter-
action are important in motor recovery of ischemic stroke
patients.
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1. Introduction
Deterioration of motor function frequently occurs in cerebral

infarction patients and is closely associated with the quality of life
and independence in activities of daily living after stroke (Ones et
al., 2005). After a stroke, in addition to motor function, various
functions can be affected. For a detailed evaluation of patients'
dysfunction, neuropsychological tests are frequently performed in
stroke patients. Using these tests, various brain functions involved
in cognition, language, emotion, behavior, personality, and social
functioning can be evaluated (Verhoeven et al., 2011). Based on
the neuropsychological test results, clinicians can obtain detailed
information about dysfunction and elucidate an effective treatment
strategy (Tyburski et al., 2018).

Recently, some studies evaluated the association between mo-
tor recovery and neuropsychological functioning in stroke patients
and reported significant correlations between them (D'Anci et al.,
2019; Ginex et al., 2017; McDonald et al., 2019; Mead et al., 2020;
Mullick et al., 2015; Nannetti et al., 2005; Rubio Ballester et al.,
2012). Various neuropsychological functions, such as depression,
cognitive function, and social capacity, were reported to be associ-
ated with motor recovery after stroke (Parikh et al., 1990; Pohjas-
vaara et al., 2001). Using meta-analysis, Mullick et al. (2015) re-
ported the associations between cognitive deficits and upper limb
motor recovery in studies of patients with stroke. Žikić et al. (2015)
also reported that the patients with depression had significantly
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more severe functional disabilities both at baseline and after re-
habilitation treatment. However, the potential for functional re-
covery in depressed patients was less than in non-depressed ones
(Žikić et al., 2015). Venna et al. (2014) also reported the role of
social factors on recovery after stroke, and the beneficial effects of
social interaction on improving stroke recovery.

However, the conclusions remain controversial. Some previous
studies reported that post-stroke depression and cognitive func-
tion were not influential in motor recovery (Nannetti et al., 2005).
These inconsistent results seem to be because stroke onset and lo-
cation of stroke lesion of participants in the previous studies were
heterogeneous. And it can also be attributed to several factors, in-
cluding sample size, use of different diagnostic criteria, method-
ological differences in case selection and screening tools, and the
time interval between the stroke event and assessment. Moreover,
most studies evaluated particular aspects of neuropsychological
function, rather than undergoing more comprehensively evalua-
tion (McDonald et al., 2019; Mead et al., 2020; Rubio Ballester et
al., 2012).

2. Material and methods
2.1 Participants

The institutional review board approved this study of our hos-
pital (DEF20ORIO079). Thirty-seven patients were included in
our study. They were clinically diagnosed with a stroke, accord-
ing to the World Health Organization1, and were admitted to the
department of rehabilitation medicine in our hospital. Our study
was conducted retrospectively. Ischemic stroke patients, in their
subacute stage, were included in this study. The inclusion criteria
were: (1) patients with an event of ischemic stroke within the past
3 months, and (2) those who completed the Modified Barthel In-
dex (MBI) and psychological evaluation at 1 and 3 months after
the stroke. The exclusion criteria were: (1) a history of previ-
ous brain injuries, such as stroke or traumatic brain injury, (2) any
other neurological disorders that preclude the completion of the
MBI and psychological evaluation, (3) a history of depression or
other psychiatric disorder, and (4) preliminary MBI and psycho-
logical evaluation at the designated time points.

To improve functional and cognition recovery, some medica-
tions related to neurotransmitters were being used by the patients.
A selective serotonin reuptake inhibitor (Escitalopram, Lexapro®,
Lundbeck) was prescribed to all patients who were included in our
study, and an acetyl-cholinesterase inhibitor (Donepezil, Aricept®,
Eisai) was prescribed to 25 patients withMini-Mental State Exam-
ination (MMSE) score lower than 24. All these medications were
prescribed at least one week before the first functional and neu-
ropsychological evaluation.

2.2 Functional, cognitive, and neuropsychological
evaluation
The participants' motor function and neuropsychological status

(neuropsychological and social functioning, as well as emotional
aspects such as depression and anxiety symptoms) were initially
evaluated 1 month after the stroke onset. The evaluations were

1 World Health Organization. (2004) ‘ICD-10 : international statistical
classification of diseases and related health’. Available at: https://ww
w.who.int/classifications/icd/en/.

repeated 3 months after the onset. Motor function was assessed
using the MBI. The cognitive and neuropsychological status was
evaluated using the MMSE, Global Deterioration Scale (GDS),
Digit Span Test from theWechsler Adult Intelligence Scale-IV, and
Korean-Boston Naming Test (KBNT). Social functioning, as was
assessed using the Vineland Social Maturity Scale (VSMS), and
the emotional aspects were assessed using the Neuropsychiatric
Inventory (NPI), Beck's Depression Inventory (BDI), and Beck
Anxiety Inventory (BAI).

2.2.1 Modified Barthel index
TheMBI is a measure of activities of daily living, which shows

the degree of independence of a patient from any assistance (Lee et
al., 2020). TheMBI consists of 10 categories: 5 points for personal
hygiene, 5 points for bathing, 10 points for eating, 10 points for us-
ing the toilet, 10 points for climbing stairs, 10 points for wearing
clothes, 10 points for defecating, 10 points for urinating, 15 points
for walking, and 15 points for using the bed (Shah et al., 1989).
The highest possible score is 100 points. A score of 0-24 points
indicates complete dependency in activities of daily life; 25-48,
maximum dependency; 50-74, partial dependency; 75-90, slight
dependency; 91-99, minimum dependency; and 100, complete in-
dependency.

2.2.2 Mini-mental state examination
The MMSE is a 30-point screening measure, which is used

to measure cognitive function (Tombaugh and McIntyre, 1992).
It consists of registration, recall, attention, calculation, language,
simple command following, and orientation. Any score higher
than 24 indicates a normal cognitive function (Kapur, 2005). Be-
low this, scores may indicate mild (19-23 points), moderate (10-
18 points), or severe (≤ 9 points) cognitive impairment. The raw
score was corrected for age and educational status.

2.2.3 Global deterioration scale
The GDS is a clinical rating instrument that is used to assess

stages of primary degenerative dementia (Reisberg et al., 1982).
It consists of a 7-point scale: no cognitive decline (stage 1), very
mild cognitive decline (stage 2), mild cognitive decline (stage 3),
moderate cognitive decline (stage 4), moderately severe cognitive
decline (stage 5), severe cognitive decline (stage 6), and very se-
vere cognitive decline (stage 7). The measure was completed by
the patient and rated by the attending psychiatrist.

2.2.4 Digit span test forward & backward
The Digit Span Test is a subtest of both the Wechsler Adult In-

telligence Scale and theWechsler Memory Scales (Drozdick et al.,
2018). Subjects are read a sequence of numbers and asked to repeat
the same sequence back to the examiner in order (forward span)
or reverse order (backward span). A digit span test is performed
to measure the number of storage capacity of working memory
(Wilde et al., 2004). It is believed that Digit Span "forward'' is
a simple repetition task and involves mostly auditory short-term
memory. The ``backward'' variant, on the other hand, is a more
complicated task and requires manipulation of information stored
in short-termmemory, which makes it a better measure of working
memory. Subjects see or hear a sequence of numerical digits and
are asked to recall the sequence correctly, with longer sequences
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being tested in each trial. The digit span test is administered either
forward or backward, which means that once the sequence is pre-
sented to the subjects, they are asked to recall the sequence in the
normal or reverse order. The subject had two trials for each span.
The subject's final score wasmaximumdigits repeatedwithout any
error in one of the two trials.

2.2.5 Korean-Boston naming test
KBNT is the Korean version of the Boston Naming Test (Kim

and Na, 1999). The KBNT contains the same number of test items
and uses the identical administrationmethod as the original Boston
Naming Test. It is a neuropsychological assessment tool for mea-
suring confrontational word retrieval in individuals with aphasia
or other language disorders. This test consists of 60 line drawings
of objects of graded difficulty, ranging from very common objects
(e.g., a tree) to less familiar objects, such as an abacus.

2.2.6 Vineland social maturity scal
The VSMS is a psychometric assessment tool that is designed

to help measure the different social capacities of an individual
(Sparrow et al., 2005). It is mainly used to assess social and adap-
tive functions or social competency. It provides an estimate of
Social Age (SMSSA) and Social Quotient (SMSSQ). It consists
of 8 subscales: communication skills, general self-help ability, lo-
comotion skills, occupation skills, self-direction, self-help eating,
self-help dressing, and socialization skills. The scale consists of
89 test items grouped into year levels. Based on the total score,
the social age is determined using a decimal table. Finally, using
social age and chronological age, the social quotient is calculated
by dividing social age by chronological age and multiplying with
100. The measure was completed by the patient and rated by the
attending psychiatrist.

2.2.7 Neuropsychiatric inventory
The NPI was developed to assess psychopathology in demen-

tia patients (Cummings, 1997). It evaluates 12 neuropsychiatric
features commonly observed in dementia: delusions, hallucina-
tions, agitation, dysphoria, anxiety, apathy, irritability, euphoria,
disinhibition, aberrant motor behavior, night-time behavior distur-
bances, and appetite and eating abnormalities. The NPI is admin-
istrated to caregivers. A set of screening questions is asked about
each sub-domain. Only if the responses to these questions indi-
cate that the patient has problems with a particular sub-domain
of behavior, the caregiver is then asked of all the questions about
that domain. The frequency of the symptoms is rated on a 4-point
scale, their severity on a 3-point scale, and the distress the symp-
tom causes on them on a 5-point scale.

2.2.8 Beck's depression inventory
The BDI is a 21-question multiple-choice self-report instru-

ment that assesses the characteristic attitudes and symptoms of
depression (Beck, 1961). The questionnaire was developed from
clinical observations of attitudes and symptoms frequently occur-
ring in depressed psychiatric patients and infrequently in non-
depressed psychiatric patients. The questionnaire is commonly
self-administered, although initially designed to be administered
by trained interviewers. A value of 0 to 3 is assigned for each an-
swer, and then the total score is calculated to determine the severity

Table 1. Clinical and demographic characteristics of
included patients with cerebral infarction

Patients

Age (years) 61.92 ± 16.78

Sex (M : F) 20 : 17

Side (Lt : Rt : Bi-lateral) 20 : 13 : 04

Lesions

PCA (n = 2)

MCA (n = 11)

ACA (n = 4)

Anterior choroidal artery (n = 5)

Basal ganglia (n = 9)

Thalamus (n = 1)

Pontine (n = 3)

Medulla (n = 2)

M : F, male : female; Lt : Rt : Quadri, Left ischemic stroke lesion : right

ischemic stroke lesion : Bi-lateral ischemic stroke lesions; PCA, poste-

rior cerebral artery; MCA, middle cerebral artery; ACA, anterior cerebral

artery.

of depression. A score of 0-9 indicates minimal depression, 10-18
indicates mild depression, 19-29 indicates moderate depression,
and 30-63 indicates severe depression. In our study, the measure
was completed by the patient and rated by the attending psychia-
trist.

2.2.9 Beck anxiety inventory
The BAI is a 21-question multiple-choice self-report instru-

ment that is used for measuring the severity of anxiety in children
and adults (Beck et al., 1988). It is designed for individuals who
are of 17 years of age or older and take 5 to 10minutes to complete.
Each answer is scored on a scale of 0 (not at all) to 3 (severely),
and raw scores ranging from 0 to 63. Higher total scores indicate
more severe anxiety. A score of 0-7 indicates minimal anxiety, 8-
15 indicates mild anxiety, 16-25 indicates moderate anxiety, and
26-63 indicates severe anxiety. The measure was completed by
the patient and rated by the attending psychiatrist.

2.3 Statistical analysis
The Shapiro-Wilk test was used to determine whether the data

conformed to a normal distribution. The differences in functional
scale and neuropsychological evaluations between two-time points
were analyzed using the Student t-test. The correlation between
the improvement of MBI scores between two-time points (MBI
score at 3 months - MBI score at 1 month) and initial neuropsy-
chological evaluations was analyzed with Spearman correlation or
Pearson correlation test according to the distribution of the data.
The correlation between the improvement of MBI scores between
two-time points (MBI score at 3 months - MBI score at 1 month)
and improvement of neuropsychological evaluations between two-
time points was also analyzed with Spearman correlation or Pear-
son correlation test according to the distribution of the data. Us-
ing the components in the neuropsychological evaluation that sig-
nificantly correlated with the results of the MBI, multiple linear
regression analysis was performed to identify neuropsychologi-
cal parameters that significantly affected the improvement of mo-
tor function. To identify which variables are affected by multi-
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Table 2. Changes in motor function and
neuropsychological status

1st evaluation 2nd evaluation

MBI 26.86 ± 19.87 45.08 ± 26.99

MMSE 17.38 ± 8.79 18.81 ± 7.67

DSTF 4.18 ± 1.76 4.67 ± 1.58

DSTB 1.97 ± 1.98 2.33 ± 1.74

KBNT 20.82 ± 19.05 26.06 ± 19.27

SMSSA 2.68 ± 2.41 3.65 ± 3.26

SMSSQ 16.78 ± 15.03 22.78 ± 20.33

NPI 8.30 ± 19.02 8.00 ± 14.74

BDI 13.82 ± 8.73 13.94 ± 11.67

BAI 5.61 ± 8.04 3.47 ± 3.935

GDS 4.51 ± 1.69 3.91 ± 1.65

MMSE, mini-mental state examination; DSTF, digital span test for-

ward; DSTB, digital span test backward; KBNT, Korean-Boston

naming test; SMSSA, the social age category of social maturity

scale; SMSSQ, social quotient category of social maturity scale;

NPI, neuropsychiatric inventory; BDI, Beck's depression inven-

tory; BAI, Beck anxiety inventory; GDS, global deterioration scale.

collinearity, and the strength of the correlation, testing for mul-
ticollinearity with Variance Inflation Factors (VIF) was also per-
formed. Multicollinearity is thought to be present when the VIF
is higher than 5 to 10. Then, the multiple linear regression test
was re-performed after removing parameters with multicollinear-
ity. Statistical analyses were performed using SPSS for Windows
and R package for Windows (version 2.15.2; R Foundation for Sta-
tistical Computing, Vienna, Austria).

3. Results
A total of 37 patients with ischemic stroke were included in the

study (Table 1). Their mean age was 61.92 ± 16.78 years, and the
sex ratio (male : female) was 20 : 17. Among them, 32 patients
had supratentorial stroke lesions, and 5 patients had infratentorial
stroke lesions. Twenty patients had left-side hemiplegia (or hemi-
paresis), 13 participants had right side hemiplegia (or hemipare-
sis), and 4 had quadriplegia (or quadriparesis). Their first psy-
chosocial evaluations were performed at 30.87 ± 5.51 days after
stroke onset, and the interval between first and second psychoso-
cial evaluations was 61.79 ± 19.29 days. The results of the first
and second neuropsychological evaluation tests are presented in
Table 2.

3.1 Change in functional and neuropsychological
evaluations between 1 month and 3 months after stroke
onset
A paired t-test showed that MMSE, Digit span test forward &

backward, MBI, SMSSQ, SMSSA, and GDS were significantly
improved between 1 month and 3 months after stroke onset (P <

0.05). However, BDI, BAI, and NPI were not significantly differ-
ent between 1 month and 3 months after stroke onset (P ≥ 0.05).

3.2 Relationship between functional improvement and
initial neuropsychological assessments
A simple correlation test showed that initial SMSSA, SMSSQ,

and MMSE were significantly correlated with MBI improvement

Table 3. Relationship between functional improvement
(change of MBI;△MBI) and initial
neuropsychological assessments

Variables r P-value

MMSE 0.419 < 0.05*

DSTF 0.132 0.465

DSTB 0.224 0.211

KBNT 0.405 0.018

SMSSA 0.472 < 0.05*

SMSSQ 0.469 < 0.05*

NPI 0.193 0.252

BDI 0.046 0.799

BAI 0.036 0.842

GDS 0.287 0.086

MMSE, Mini-Mental State Examination; DSTF, Digital Span Test

Forward; DSTB, Digital Span Test Backward; KBNT, Korean-

Boston Naming Test; SMSSA, Social Age category of Social Ma-

turity Scale; SMSSQ, Social Quotient category of Social Maturity

Scale; NPI, Neuropsychiatric Inventory; BDI, Beck's Depression

Inventory; BAI, Beck Anxiety Inventory; GDS, Global Deteriora-

tion Scale.

(Table 3). In multiple linear regression analysis, only SMSSQ
showed a statistically significant correlation with MBI improve-
ment (Table 4). However, in this analysis, SMSSA showed mul-
ticollinearity, so it was removed in the multiple linear regression
analysis.

3.3 Relationship between functional improvement and
changes in neuropsychological assessments
A simple correlation test showed that the amount of score

change in SMSSA and SMSSQ was significantly correlated with
MBI improvement (Table 5). In multiple linear regression anal-
ysis, only the amount of score change in SMSSQ showed a sta-
tistically significant correlation with MBI improvement (Table 6).
However, in this analysis, SMSSA showed multicollinearity, so it
was removed in the multiple linear regression analysis.

4. Discussion
We evaluated the association between the recovery of motor

function and neuropsychological functioning, including cognition,
language, emotion, behavior, personality, and social interaction
measured by a neuropsychological test. The results show that the
SMSSQ score 1 month after stroke onset and improvement in the
SMSSQ score from 1 to 3 months after the onset correlated with
the improvement in motor function in the same period. However,
results of other neuropsychological tests, including MMSE, GDS,
digit span test, KBNT, SMSSA, NPI, BDI, and BAI, were not as-
sociated with improvement in motor function.

It is suggested that social interaction plays a critical role in the
recovery after stroke (Glass et al., 1993; Karelina et al., 2009; Ru-
bio Ballester et al., 2012; Venna et al., 2014). In contrast, social
isolation may hinder neural regeneration and recovery of motor
function after stroke (Glass et al., 1993). Previous animal studies
showed the importance of social interaction in motor recovery af-
ter stroke. For example, mice paired with a healthy partner showed
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Table 4. Multiple linear regression analysis for evaluating meaningful initial neuropsychological assessments
in predicting functional improvement (change of MBI;△MBI)

Parameter R2 Beta coefficient Standard error Odd ratio (95% CI) P-value

SMSSQ 0.145 0.380 0.127 0.276 (0.016-0.535) 0.038*

Table 5. Relationship between functional improvement
(change of MBI;△MBI) and changes
in neuropsychological assessments

Variables r P-value

△MMSE 0.11 0.516

△DSTF 0.033 0.856

△DSTB 0.079 0.663

△KBNT 0.105 0.56

△SMSSA 0.609 < 0.05*

△SMSSQ 0.601 < 0.05*

△NPI 0.248 0.144

△BDI 0.163 0.374

△BAI 0.329 0.066

△GDS 0.246 0.154

MMSE,Mini-Mental State Examination; DSTF, Digital Span Test For-

ward; DSTB, Digital Span Test Backward; KBNT, Korean-Boston

Naming Test; SMSSA, Social Age category of Social Maturity Scale;

SMSSQ, Social Quotient category of Social Maturity Scale; NPI, Neu-

ropsychiatric Inventory; BDI, Beck's Depression Inventory; BAI, Beck

Anxiety Inventory; GDS, Global Deterioration Scale.

better motor recovery compared to isolated mice (Karelina et al.,
2009; Venna et al., 2014). Moreover, the level of brain-derived
neurotrophic factors, which have neuroprotective functions such
as, neural regeneration, and neurogenesis, was enhanced in mice
with a healthy partner (Venna et al., 2014). The SMSSQ score in
VSMS reflects social capacities, and a low score means that so-
cial interaction with other people is difficult or minimal (Sparrow
et al., 2005). We observed that a higher initial SMSSQ score or
more considerable improvement in the SMSSQ score was associ-
ated with better motor recovery after stroke. Accordingly, social
interaction seems to play an important role in improving motor re-
covery after stroke.

We evaluated other areas, such as cognitive function, language
function, neuropsychiatric features, and degrees of depression and
anxiety, which were not correlated with motor improvement. Re-
garding the impact of neuropsychological function on motor re-
covery, inconsistencies among the results of previous studies exist
(D'Anci et al., 2019; Dhand et al., 2019; Ginex et al., 2017; Gly-
mour et al., 2008; McDonald et al., 2019; Mead et al., 2020; Mul-
lick et al., 2015; Nannetti et al., 2005; Robinson et al., 1999). For
example, some previous studies showed that the treatment of post-
stroke depression could improve motor and functional recovery
(Chollet et al., 2011; Yi et al., 2010). However, a recently con-
ducted meta-analysis showed that it does not improve recovery in
motor function after stroke (Mead et al., 2020). Also, Mullick et
al. (2015) reported that executive function and attention improved
motor function after stroke, but memory function was not associ-

ated with motor outcome.

Regarding human studies on the effect of social functioning or
interaction on the recovery of stroke, to the best of our knowledge,
to date, two studies have been reported (Glass et al., 1993; Ru-
bio Ballester et al., 2012). Glass et al. (1993) recruited 46 stroke
patients and measured motor function with the Barthel Index and
the degree of social support, 1, 3, and 6 months after stroke on-
set. Patients with excellent social support were 68 points (65%)
higher than socially isolated patients. Rubio Ballester et al. (2012)
recruited eight stroke patients and applied virtual reality (VR)-
based rehabilitation. The rehabilitation using VR was conducted
in single- and multi-player VR environments. The rehabilitation
using a multi-player VR environment-induced social interaction
among the players. After applying rehabilitation in the multi-
player VR environment, the patients' motor improvements of the
affected upper limbsweremore significant than those in the single-
player VR environment.

Our results emphasize the importance of social function and
interaction in motor recovery after stroke. Furthermore, we con-
sidered and adjusted for several other neuropsychological areas,
such as cognitive function, language function, neuropsychiatric
features, and degrees of depression and anxiety. We found that
social functioning plays a vital role in better outcomes of motor
function after stroke. However, there are a few limitations that
may influence this conclusion. Firstly, the tool we used for mea-
suring social functioning, namely, SMSSQ, contains items related
to motor function, such as locomotion skills and self-help dress-
ing and eating (Sparrow et al., 2005). Therefore, the results of
SMSSQ in this study might not solely reflect our patients' social
functioning. The number of included patients was relatively small.
Therefore, further study with a large number of patients, using var-
ious parameters that can better reflect the patients' social function-
ing is needed in the future. Secondly, we did not use any tool to
assess executive functions, which are often impaired after stroke
(Povroznik et al., 2018)-the Reliable Change Index (RCI), which is
a more sophisticated method for examining change and often used
in neuropsychological studies (Duff, 2012), was not performed.

Thirdly, we did not evaluate the correlation between functional
improvement, psychosocial evaluation, type of paresis, and loca-
tion of the stroke. It has been well reported that the location of the
stroke is one of the most important factors that may affect improve-
ment (Alawieh et al., 2018). Many well-designed studies adjusted
the location of the stroke for finding decisive factors for motor re-
covery after stroke. For example, for evaluating the influence of
diabetes and neural tract integrity on post-stroke motor recovery,
Kim et al. (2020) and Moon et al. (2019) specifically included pa-
tients with corona radiata lesion (Kim et al., 2020; Moon et al.,
2019). Therefore, a further study evaluating the correlations be-
tween functional improvement, psychosocial evaluation, type of
paresis, and location of the stroke may be necessary. Fourthly, ini-
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Table 6. Multiple linear regression analysis for evaluating meaningful changes in neuropsychological assessments
in predicting functional improvement (change of MBI;△MBI)

Parameter R2 Beta coefficient Standard error Odd ratio (95% CI) P-value

SMSSQ 0.201 0.448 0.192 0.511 (0.116-0.905) 0.013∗

tial degrees of motor dysfunction or executive dysfunction might
affect our results on motor recovery (Mullick et al., 2015). Fi-
nally, we may have excluded valuable parameters, such as educa-
tion level, that could have been influenced the conclusion.

5. Conclusions
Social function and interaction may be necessary for the mo-

tor recovery of stroke patients. Therefore, treatment for enhancing
social capabilities or skills to interact with others, and the provi-
sion of excellent social support from family can be necessary for
functional motor recovery after stroke.
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