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Objective: Insufficient motivation among post-stroke survivors may be  an 
important factor affecting their motor function recovery. This study seeks to 
investigate the relationship between motivation and functional recovery in 
stroke patients undergoing rehabilitation training.

Materials and methods: 103 stroke patients with upper limb impairments were 
studied during their hospital stays. Assessments were done before and after 
rehabilitation training to measure motivation, emotional state, motor function, 
and independence in daily activities. Data analysis was conducted to examine 
the distribution of these factors among the participants. Pearson and Spearman 
correlation analyses were used to study the relationships between motivation, 
emotional state, and motor function. Patients were divided into high and low 
motivation groups based on the Rehabilitation Motivation Scale (RMS), and chi-
square and rank-sum tests were used to compare functional differences before 
and after treatment among patients with varying levels of motivation.

Results: 66 participants were found to have low motivation in the initial 
assessment of the RMS (64.08%). Consistency in motivation levels was observed 
among patients with high motivation (r  =  0.648, P<0.001). Apathy was identified 
as the main factor affecting motivation in patients with low motivation (p  =  0.027), 
while depression and anxiety were not significantly correlated. Motivation was 
strongly linked to improvements in upper limb motor function, daily living 
activities, and self-exercise duration (p  <  0.001) for stroke patients undergoing 
rehabilitation. Post-training, there was a notable increase in motivation, 
motor function, and independence in daily activities (p  <  0.001). Increased 
rehabilitation motivation was linked to better upper limb motor function and 
daily independence in patients, particularly those with low motivation. This 
correlation was significant for both the FMA-UE and FIM scores.

Discussion: Old patients with poor upper limb motor function often have low 
motivation, which hinders their recovery. Using strategies to boost motivation 
in stroke patients with impaired upper limb function could greatly improve 
their rehabilitation and motor skills. It is crucial to prioritize these intervention 
strategies.

Conclusion: Enhancing rehabilitation motivation in stroke patients with low 
motivation and upper limb motor impairments can foster the restoration of their 
functional capabilities.
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1 Introduction

Stroke is characterized by high incidence, high mortality, and high 
disability rates (1). In China, its prevalence has been increasing 
annually, currently ranking first among the top  10 deadly and 
disabling diseases (2). After a stroke, 70% of patients experience 
varying degrees of functional impairment and require rehabilitation 
treatments for gradual recovery (3). Nearly half of the survivors suffer 
from impaired upper limb function, severely affecting their daily lives. 
The recovery period for stroke-induced upper limb function is 
lengthy, and intensive, repetitive training is key to functional 
improvement (4). However, the intensity and duration of rehabilitation 
training for most stroke patients have not reached the levels necessary 
for significant functional improvement (5, 6), one crucial reason being 
the lack of sufficient rehabilitation motivation. Patients’ lack of 
initiative in engaging in unsupervised rehabilitation training may 
be related to decreased motivation, a situation that becomes more 
pronounced 6 months after stroke onset (7). Motivation is defined as 
an orientation that generates and sustains behavior in humans and 
other animals to achieve a certain goal (8). In the context of 
rehabilitation training, motivation primarily manifests as the patient’s 
initiative to participate in rehabilitation tasks, the extent of their 
involvement during rehabilitation, and their willingness to dedicate 
time to rehabilitation training (9). Rehabilitation motivation is 
influenced by a variety of factors, including internal and external 
environmental aspects, with contributing factors to its decline possibly 
related to individual characteristics (such as cognition and emotion) 
and external support factors (10).

Current research indicates that low rehabilitation motivation can 
lead to patients refusing or reducing their participation in rehabilitation 
training, resulting in decreased exercise time and frequency (11). This 
can cause sedentary lifestyle and limit the level of participation in daily 
activities (12). However, there is a lack of literature supporting whether 
low motivation affects the recovery of upper limb function. To enhance 
the participation level of stroke patients in rehabilitation, strategies 
such as game approaches, rehabilitation robots, and virtual reality (VR) 
equipment have been incorporated into rehabilitation training (13–17). 
These methods aim to increase enjoyment and initiative, boost patient 
motivation, and thereby enhance the effectiveness of rehabilitation 
training. Nevertheless, these studies focus on the improvement of 
physical functions and do not specifically elaborate on changes in 
rehabilitation motivation. In addition to strategies that improve 
rehabilitation motivation through external factors, motivational 
interviewing, a technique that enhances rehabilitation motivation by 
mobilizing internal factors of patients, has also been widely used in 
clinical practice (18, 19). However, such research focuses only on 
changes in rehabilitation motivation, overlooking the impact that 
improvements in motor function may have on rehabilitation motivation.

Although strategies to enhance rehabilitation motivation have 
been applied in stroke rehabilitation, their primary goal is to promote 
functional recovery by improving motivation. However, current 

studies each focus on different aspects, typically demonstrating 
changes in either motivation or motor function independently, 
without establishing a direct link between the improvement in 
motivation and the recovery of upper limb motor function.

Therefore, this study aims to determine the correlation between 
rehabilitation motivation and upper limb motor function in stroke 
patients, providing a basis for the clinical application of strategies to 
enhance rehabilitation motivation in stroke rehabilitation.

2 Materials and methods

2.1 Study participants

Participants in this study were stroke patients hospitalized in the 
departments of Rehabilitation, Acupuncture, and Tuina at Shanghai 
University of Traditional Chinese Medicine Affiliated Yueyang 
Hospital of Integrated Traditional Chinese and Western Medicine. The 
included subjects met the diagnostic criteria for stroke (ischemic or 
hemorrhagic); were experiencing their first stroke episode; aged 
between 18 and 80 years; of any gender; right-handed; without severe 
cognitive and communication impairments (MMSE score ≥ 20). They 
agreed to participate and were willing to cooperate in a 30–45-min 
assessment process after fully understanding the study procedures. Key 
exclusion criteria included patients with severe systemic diseases that 
could not tolerate rehabilitation treatment; severe psychiatric 
conditions, major depression, anxiety; severe joint contractures; severe 
pain, sleep disorders, psychiatric disorders; and auditory or visual 
impairments that could affect assessment and treatment. This study 
was approved by the Ethics Committee of Shanghai University of 
Traditional Chinese Medicine Affiliated Yueyang Hospital of Integrated 
Traditional Chinese and Western Medicine (Ethical approval number: 
2021–122, Clinical trial registration number: ChiCTR2300069068).

2.2 Experiment protocol and patient 
evaluation

2.2.1 Experiment protocol
We conducted baseline assessments for 106 stroke patients eligible 

for rehabilitation treatment during their hospitalization and performed 
a second assessment 2 weeks after enrollment. 103 participants 
completed the full assessment and treatment process. At baseline, 
subjects were divided into low and high motivation groups based on 
their scores on the Rehabilitation Motivation Scale (RMS), and 
correlations with emotional and motor-related factors were analyzed 
according to motivation grouping. Furthermore, after 2 weeks of 
rehabilitation training, the impact of motivation on motor function 
recovery was explored based on the low and high motivation groupings.

Eligible subjects underwent rehabilitation training after inclusion, 
which consisted of conventional rehabilitation training and 
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self-directed rehabilitation exercises. Conventional rehabilitation 
training included physical therapy and occupational therapy. Each 
patient was required to undergo 20 min of one-on-one physical 
therapy and 20 min of one-on-one occupational therapy 5 days a week, 
for a total of 2 weeks. The training under the one-on-one guidance of 
occupational therapists primarily aimed at guiding participants in 
targeted upper limb motor function training, such as grasping objects, 
combing hair, wiping tables, picking up peanuts, and buttoning. Self-
directed rehabilitation exercises refer to the additional self-
rehabilitation exercises that participants were encouraged to perform 
independently in the occupational therapy setting or their wards, in 
addition to the exercises under the therapist’s guidance. There was no 
limit on the exercise time, and the content could refer to tasks 
designed by the therapists. After completing 2 weeks of rehabilitation 
treatment, subjects were required to undergo a second assessment 
focusing on changes in rehabilitation motivation and motor function.

2.2.2 Evaluation methods
During the baseline assessment, the study variables related to 

individuals included basic information, medical history, independent 
exercise time, and caregiving situation. We also used the Mini-mental 
State Examination (MMSE) as an indicator for cognitive function 
screening. In this study, subjects with a score of ≥20, indicating 
normal cognitive function or mild cognitive impairment and the 
ability to communicate normally, were included.

To ensure the accuracy of the assessment, we employed both self-
assessment and observer-assessment tools to measure the subjects’ 
rehabilitation motivation. The Stroke Rehabilitation Motivation Scale 
(SRMS-7) is a self-assessment tool for stroke rehabilitation motivation, 
adapted from a movement motivation assessment tool (20). SRMS 
consists of 28 items exploring three domains (amotivation, extrinsic 
motivation, and intrinsic motivation). In this study, a shorter version 
of the SRMS with 7 items was used, which has been shown to have 
good reliability. The 7-item SRMS was developed by selecting the item 
with the best reliability from each subscale of the 28-item version, 
scored using a Likert 5-point scale. The total score range of the 7-item 
SRMS is 7–35, with higher scores indicating higher motivation. A 
score of ≥21 is considered normal to high motivation. The 
Rehabilitation Motivation Scale (RMS), developed by modifying and 
translating the RMS designed by Litman in 1961 into Chinese by Guo, 
is assessed by physical therapists through observation of patients’ 
behavior in participating in rehabilitation treatment to measure the 
strength of their rehabilitation motivation (21). It consists of 8 items 
scored using a Likert 4-point scale. The scale’s score range is 8–32, 
with scores ≥25 considered as normal or high motivation. In the 
second assessment, subjects were re-evaluated for motivation and 
motor function-related assessments to investigate the impact of 
rehabilitation training on motivation and movement in stroke patients 
and the correlation between motivation and motor function recovery.

The assessment of apathy levels was conducted using the Apathy 
Evaluation Scale, Clinician Version (AES-C), which evaluates an 
individual’s emotional experience and support level in participating in 
social support and partner relationships across dimensions of 
relationship, emotion, support, and participation. The total score range 
of the scale is 18–72, with scores above 35 typically considered 
indicative of apathy. The Hamilton Depression Scale (HAMD) and the 
Hamilton Anxiety Scale (HAMA) were used to assess the emotional 
states of the subjects. In the HAMD, scores of <8 are considered 

normal, 8–20 indicate possible depression, 21–35 suggest a likely 
diagnosis of depression, and > 35 indicate severe depression. This study 
excluded subjects with severe depression at the time of inclusion. In 
the HAMA, scores of less than 7 are considered normal, 7–14 may 
indicate anxiety, 14–21 confirm the presence of anxiety, 21–29 indicate 
marked anxiety, and scores greater than 29 indicate severe anxiety. 
Subjects with severe anxiety were excluded from this study. The Fugl-
Meyer Assessment Upper Extremity Scale (FMA-UE) was used to 
evaluate the degree of motor function impairment in the hemiplegic 
upper limb of the subjects. The assessment of upper limb motor 
function includes 33 items, with a total score of 66. To assess the 
subjects’ independence in daily living, we  used the Functional 
Independence Measure (FIM), which includes evaluations of self-care, 
mobility, control, communication, and social participation, among 
others, with a total score of 126. The lowest score is 18, indicating 
complete dependence; 19–35 points indicate very severe dependence; 
36–53 points indicate severe dependence; 54–71 points indicate 
moderate dependence; 72–89 points indicate mild dependence; 90–107 
points indicate conditional independence; 108–125 points indicate 
near independence; and 126 points indicate complete independence.

2.3 Statistical analysis

The results of this study were statistically analyzed using Origin Pro 
2021 (Chinese version v9.8.5.204) software. Data collection, 
organization, and statistical analysis were performed by independent 
researchers. The RMS was assessed by occupational therapists who 
administered treatment to the subjects, while other assessments were 
conducted by independent evaluators. The primary analysis focused on 
the results of subjects who completed the baseline assessment, received 
rehabilitation treatment, and also completed the second assessment. In 
the baseline characteristics of the subjects, categorical information 
characteristics (gender, affected side, underlying diseases, diagnosis, 
caregiving situation) were represented as ratios. After dividing subjects 
into low and high motivation groups based on the RMS, the 
Chi-squared test was used to compare the proportion distribution of 
these aspects. Baseline characteristics such as age, disease duration, 
independent exercise time, MMSE, HAMA, and HAMD were 
represented as medians (interquartile range), and data were compared 
between low and high motivation groups using the Mann–Whitney 
test. The Shapiro–Wilk test was used to assess the normality of the data. 
For continuous data that were not normally distributed (including 
AES-C, RMS, SRMS-7, FMA-UE, FIM), the Wilcoxon test was used for 
before-and-after comparisons. Pearson correlation analysis and 
Spearman correlation analysis were used to elucidate the correlations 
between motivation and emotional and motor functions. A p value of 
<0.05 was considered statistically significant.

3 Results

3.1 Demographic and baseline clinical 
characteristics

This study initially included 106 participants, with 3 dropouts (2 
due to withdrawal of consent by the patients, and 1 lost to follow-up), 
resulting in 103 participants completing all assessments. The baseline 
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characteristics are presented in Table 1. The participants included in 
this study did not exhibit significant cognitive impairments. None of 
the participants had depression or anxiety. Only a minority of 
participants reported being able to live independently during their 
hospital stay, with the rest requiring care from family members or 
caregivers. Participants were grouped according to their scores on the 
RMS, and there were statistically significant differences between the 
two groups in terms of gender, baseline characteristics of HAMA and 
HAMD (P<0.05), as well as in the differences in independent exercise 
time and MMSE scores (P<0.001).

Figure 1 illustrates the distribution characteristics of variables 
related to emotion, motivation, and motor function at baseline. The 
curve fitting method used in the figures is kernel smooth. In terms of 
cognitive function (Figure  1D), MMSE assessment showed that 
38.83% (22) of participants had mild cognitive impairments, while the 
rest were normal. Regarding emotional aspects, only 0.97% (14) of 
patients were likely to have depression (Figure 1A), and 27.18% (23) 
of patients were likely to have anxiety (Figure 1B), with no participants 
exhibiting severe depression (>35 points) or severe anxiety (>29 
points). According to the AES-C, 42.72% (24) of participants had 
scores ≥35, indicating possible clinical signs of apathy (Figure 1C). 
Regarding rehabilitation motivation, 14.56% of individuals (15) 
considered their rehabilitation motivation to be low according to the 
SRMS-7 (Figure 1E). In the observer-assessment RMS (Figure 1F), 
64.08% (66) of participants were considered by therapists to have 
scores below 25 at the initial assessment, indicating a decline in 

rehabilitation motivation. In terms of motor function, FIM results 
indicated that approximately 58.25% (60) of participants could achieve 
basic independence, 19.42% (20) were conditionally independent, 
7.77% (8) mildly dependent, 6.80% (7) moderately dependent, and 1 
person was severely dependent (Figure  1I). FMA-UE scores 
(Figure  1H) showed that baseline scores for upper limb motor 
function were mainly concentrated in two ranges: 5–25 points and 
45–66 points. Regarding the time spent on independent exercise 
(Figure 1G), most patients exercised for 0–1.5 h.

3.2 Assessment of motivation

Rehabilitation motivation is currently assessed primarily through 
scales, which can be  divided into self-assessment and observer-
assessment types. There may be  significant differences between 
individual scores on self-assessment and observer-assessment 
motivation scales. Therefore, we compared the correlation between 
self-assessment and observer-assessment scales to examine the 
accuracy of scale assessments in evaluating motivation. Results 
showed good consistency between SRMS-7 and RMS.

As shown in Figure 2, Figure 2A displays the relationship between 
SRMS-7 and RMS through scatter plots. Using Spearman correlation 
to determine the relationship between SRMS-7 and RMS, we found 
r = 0.464, P<0.001, indicating a positive correlation between the two. 
Figure 2B shows the scatter plot of the correlation between SRMS-7 

TABLE 1 Baseline demographic and clinical characteristics.

Characteristics Total 
(n =  103)

Motivation(n =  103) Statistics p value

Lower 
motivation(n =  66)

Higher 
motivation(n =  37)

Age (years) 66.00 (39.00, 71.00) 66.00 (58.00, 71.00) 68 (61.00, 71.00) −0.114 0.909

Gender (male/female) 72/31 43/23 29/8 8.440 0.004**

Affected side (left/right) 69/34 49/17 20/17 0.033 0.855

Disease duration (months) 15.00 (5.00, 36.00) 21.00 (6.00, 41.25) 12.00 (4.00, 40.00) −0.898 0.370

Hypertension (yes/no) 86/17 53/13 33/4 1.046 0.306

Diabetes (yes/no) 42/61 27/39 15/22 0.794 0.373

Independent exercise time 

(hours)
0.50 (0.50, 1.00) 0.50 (0.00, 1.00) 1.00 (1.00, 2.00) 4.767 p < 0.001***

Diagnosis (cerebral 

infarction/cerebral 

hemorrhage)

88/15 57/9 31/6 1.671 0.196

Care situation (independent/

family or one-on-one care/

one to several care)

27/48/28 16/32/18 11/16/10 1.087 0.896

MMSE 27.00 (26.00, 29.00) 27.00 (25.00, 28.00) 29.00 (26.00, 30.00) −3.269 p < 0.001***

HAMD 3.00 (1.00, 6.00) 3.00 (2.00, 6.00) 2.00 (0.00, 5.00) 2.080 0.037*

HAMA 4.00 (1.00, 7.00) 5.00(2.00, 9.00) 2.00 (1.00, 5.00) 2.531 0.011*

AES-C 33.00 (26.00, 32.00) 37.00 (30.00, 42.50) 26.00 (24.00, 32.00) 5.581 p < 0.001***

FMA-UE 35.00 (14.00, 56.00) 21.50 (11.75, 48.50) 52.00 (29.00, 60.00) −3.517 p < 0.001***

FIM
116.00 (100.00, 

121.00)
110.50 (89.00, 121.00) 119.00 (115.00, 123.00) −3.461 p < 0.001***

*p < 0.05, **p < 0.01, ***p < 0.001.
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FIGURE 1

Distribution characteristics of emotion, motivation, and motor function. (A) The dashed lines represent 8 and 20 points, respectively. (B) The dashed 
lines represent 7, 14, and 21 points. (C) The dashed line represents 35 points. (D) The dashed line represents 27 points. (E) The dashed line represents 21 
points. (F) The dashed line represents 25 points. (G) The distribution characteristics of self-exercise time for all subjects. (H) The distribution 
characteristics of FMA-UE for all subjects. (I) The dashed lines represent 54, 72, 90, and 108 points.

FIGURE 2

Correlation between self-assessed and observer-assessed motivation. (A) Correlation between RMS and SRMS-7 in total patients. (B) Correlation 
between RMS and SRMS-7 in the low motivation group. (C) Correlation between RMS and SRMS-7 in the high motivation group.
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and RMS for participants considered to have low rehabilitation 
motivation (scores below 25 on RMS). Using Spearman correlation 
analysis, r = 0.200, p = 0.107, indicating no correlation between the 
two. Figure 2C analyzes the correlation between RMS scores (≥25 
points) and SRMS-7. Spearman correlation analysis resulted in 
r = 0.648, P<0.001, indicating a positive correlation between the two.

3.3 Correlation between motivation, 
emotion, and motor function

In this study, we analyzed the correlation between motivation 
and emotion (HAMA, HAMD, AES-C) and motor function 
(FMA-UE, FIM, independent exercise time) to examine their 
relationships. The results showed that motivation was negatively 
correlated with apathy, anxiety, and depression; and positively 
correlated with motor function and the ability to perform activities 
of daily living. Figure 3 uses scatter plots to depict the distribution of 
correlations between motivation, emotional state, and motor 
function, further elucidated by Spearman correlation coefficients. 
Figure 3A shows the relationship between motivation and emotions 
(HAMA, HAMD, AES-C) among all participants, revealing negative 
correlations between motivation and depression, anxiety, and apathy, 
with statistically significant correlations (HAMD p = 0.007, HAMA 
p = 0.007, AES-C P <0.001). Additionally, motivation was positively 
correlated with upper limb motor function (FMA-UE), the ability of 
daily livings (FIM), and independent exercise time among all 
participants, with statistically significant correlations (P <0.001). In 
the low motivation group (Figures 3B,E), motivation was negatively 
correlated with apathy, with statistical significance (p = 0.027), while 
no significant correlation was found with depression and anxiety. 
There was no significant correlation between low motivation and 
motor function. In the high motivation group (Figures 3C,F), no 
significant correlations were found between motivation and 
emotional factors. When analyzing the correlation with motor 
function, motivation was not significantly correlated with FMA-UE 
and FIM, but was positively correlated with independent exercise 
time, showing significant correlation (P <0.05).

3.4 The impact of rehabilitation training on 
motivation and motor function

Figure 4 displays the changes in apathy, rehabilitation motivation, 
upper limb motor function, and independence in daily activities 
among study participants after undergoing rehabilitation training. All 
participants showed significant improvements in apathy, rehabilitation 
motivation, upper limb motor function, and independence in daily 
activities after 2 weeks of rehabilitation training (P <0.001) (Figure 4A). 
This significant improvement trend was consistent among both the low 
and high motivation groups (Figures 4B,C). When comparing the 
extent of improvement in AES-C, RMS, FMA-UE, and FIM between 
the low and high motivation groups, it was found that there were no 
significant differences in improvements in AES-C, SRMS-7 and 
FIM. However, significant differences were observed in the 
improvements in RMS (P <0.05) and FMA-UE (P <0.001).

3.5 The impact of motivation on the 
improvement of patients’ motor function

Figure 5 displays the correlation between patients’ rehabilitation 
motivation and the degree of improvement in FIM and FMA-UE, 
indicating that an increase in motivation among patients with low 
motivation may facilitate improvements in motor function. Overall 
(Figures 5A,D), the level of rehabilitation motivation was positively 
correlated with improvements in upper limb motor function and 
enhancements in independence in daily activities (FMA-UE 
(difference) r = 0.506, FIM (difference) r = 0.307), with significant 
correlations (FMA-UE (difference): P<0.001; FIM (difference) 
p = 0.002). Improvements in rehabilitation motivation were also 
positively correlated with enhancements in upper limb motor function 
and independence in daily activities (FMA-UE (difference) r = 0.257, 
FIM (difference) r = 0.233), showing significant correlations (FMA-UE 
(difference): p = 0.009; FIM (difference) p = 0.024). In the low 
motivation group (Figures  5B,E), the initial assessment of 
rehabilitation motivation was significantly related to improvements in 
upper limb function and enhancements in independence in daily 
activities (FMA-UE (difference): P<0.001; FIM (difference) P<0.001). 
Furthermore, in the low motivation group, the increase in 
rehabilitation motivation after undergoing rehabilitation training was 
significantly positively correlated with improvements in FMA-UE and 
FIM (FMA-UE (difference): r = 0.515, P<0.001; FIM (difference): 
r = 0.399, P<0.001), indicating that the greater the increase in 
motivation, the higher the degree of motor function improvement. 
However, in the high motivation group (Figures 5C,F), the correlation 
between motivation assessment and improvements in upper limb 
motor function and independence in daily activities was not 
significant, and there was no significant correlation between 
improvements in motivation and functional improvements after 
rehabilitation training.

4 Discussion

Motivation plays a crucial role in the rehabilitation of stroke 
patients with motor function impairments, yet the distribution of 
motivation among stroke patients and its specific relationship with 
motor recovery remain unclear. By assessing and analyzing the 
relationships between motivation, emotion, and motor function in 
stroke patients, this study found that there is a general lack of 
rehabilitation motivation among patients with stroke-induced motor 
function impairments. The analysis of the correlation between 
motivation, emotion, and motor function revealed no significant 
correlation between motivation and anxiety or depression, but a 
significant correlation with the apathetic state of patients; moreover, 
patients with lower motivation also had lower initial motor function 
states, yet the improvements in motor function brought about by 
rehabilitation training positively correlated with motivation.

4.1 Distribution of motivation and 
assessment of motivation

The level of motivation is greatly related to subjective perception. 
To differentiate the motivation levels among participants, we employed 
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FIGURE 3

Correlation between RMS and emotion (ACE-S, HAMA, HAMD) and motor function (FMA, FIM, independent exercise time). (A) The figure shows the 
correlation between RMS and emotion among all study participants. (B) The figure shows the correlation between RMS and emotion among 
participants in the low motivation group. (C) The figure shows the correlation between RMS and emotion among participants in the high motivation 
group. (D) The figure shows the correlation between RMS and motor function among all study participants. (E) The figure shows the correlation 
between RMS and motor function among participants in the low motivation group. (F) The figure shows the correlation between RMS and motor 
function among participants in the high motivation group.
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both self-assessment and observer-assessment tools. The results 
revealed that only a small portion of participants (14.56%) considered 
their rehabilitation motivation to be low. However, nearly two-thirds 
of participants were deemed to have low motivation according to the 
observer-assessment motivation scale, suggesting potential differences 
between self-assessed and observer-assessed rehabilitation motivation 
tools. This discrepancy might be  due to patients evaluating their 
motivation based on personal feelings (25, 26), whereas therapists 
assess patients’ motivation based on their engagement in activities, 
attitude towards rehabilitation, and compliance (27–29). In the 
correlation analysis between self-assessed and observer-assessed 
motivation scales, we found good consistency in assessments among 
participants with high motivation, but no correlation in assessments 
among participants with low motivation. This may be because patients 
with low motivation cannot accurately describe their state. Previous 
studies mostly used a single scale (self-assessment scale) to evaluate 
patients’ motivation (10, 18, 23, 30), which might miss some stroke 
populations with low motivation, hindering screening and timely 

intervention. As shown by the results of this study, combining self-
assessment and observer-assessment scales is beneficial for identifying 
patients with low motivation. Additionally, scale assessments have 
limitations, and more objective tools for assessing rehabilitation 
motivation in stroke recovery are yet to be explored.

4.2 The relationship between emotion and 
motivation

It is commonly believed that low rehabilitation motivation 
following a stroke may be  significantly influenced by emotional 
factors such as depression and anxiety. However, in this study, our 
analysis of the correlation between motivation and depression and 
anxiety found that rehabilitation motivation is not significantly 
related to depression and anxiety, but rather apathy is the most 
significant influencing factor on motivation. In the research 
conducted by Green et al. (31), although depression and apathy share 

FIGURE 4

Impact of rehabilitation training on emotion (ACE-S), motivation (RMS, SRMS-7), and Motor Function (FMA, FIM). (A) The figure shows the changes 
before and after rehabilitation training for all study participants. (B) The figure shows the changes before and after rehabilitation training for participants 
with low motivation. (C) The figure shows the changes before and after rehabilitation training for participants with high motivation. (D) The figure 
shows the differences in changes after rehabilitation training between the low and high motivation groups.
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FIGURE 5

The impact of high vs. low Motivation on the improvement of patients’ upper limb motor function (FMA-UE) and independence in daily living (FIM). 
(A) The figure shows the correlation between the initial RMS results and FMA-UE and FIM among all study participants. (B) The figure shows the 
correlation between the initial RMS results and FMA-UE and FIM among participants with low motivation. (C) The figure shows the correlation between 

(Continued)
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common features such as a loss of pleasure, and patients with 
depression may also exhibit clinical signs of apathy, the main clinical 
characteristic of depression is accompanied by significant negative 
emotions, while apathy does not display significant negative 
emotional expressions. Its main features are a lack of drive, goal-
directed behavior deficits, which are closely related to reduced 
motivation (32), consistent with our research findings. In this study, 
participants with low motivation showed significantly different 
performances on the apathy assessment scale compared to those with 
normal motivation, and participants with low motivation generally 
exhibited signs of apathy, whereas this was not observed in 
participants with high motivation. The theoretical basis for post-
stroke apathy is the impairment of the brain network for goal-directed 
behavior (GDB) (32), with core structures being the anterior cingulate 
cortex (ACC) and nucleus accumbens (NAc) (33), which are closely 
related to decision-making regarding rewards, attention control, and 
reinforcement learning (34). The GDB-related brain network is 
regulated by dopaminergic neurons, and disruption or damage to this 
network makes it difficult for reward-related signals to be integrated 
and transmitted in structures such as the ACC, ventral striatum (VS), 
and prefrontal cortex (PFC) (35), leading to a reduction in approach 
behavior following perception of rewards, thus manifesting as 
reduced GDB and emotional apathy (36, 37). Additionally, there is a 
certain correlation between low motivation and cognitive function 
levels (38), although participants included in the study did not have 
significant cognitive impairments, those in the low motivation group 
had lower cognitive levels than those in the high motivation group. 
Patients with post-stroke apathy who further develop may also 
experience cognitive impairments (39), which is very unfavorable for 
the functional prognosis of stroke patients.

4.3 The relationship between upper limb 
motor function and motivation

In terms of motor function, we  found that the level of 
rehabilitation motivation significantly affects the time spent on 
independent exercise. Participants with high motivation are willing to 
spend more time on self-exercise, with most dedicating at least 1 h per 
day to independent exercise. The higher the motivation, the longer the 
potential time spent on independent exercise, whereas participants 
with low motivation generally exercise for about 0.5 h. Wissink et al. 
(4) also mentioned that stroke patients with higher motivation during 
hospitalization participate in rehabilitation treatments with higher 
intensity, which is more conducive to successful discharge, aligning 
with our findings. At the time of enrollment, there were significant 
differences in FMA-UE and FIM between participants with low and 
high motivation. Compared to participants with high motivation, 
those with low motivation had poorer upper limb function and lower 
independence in daily living. This suggests that the level of motor 
function may have a certain impact on rehabilitation motivation; 

patients with poorer upper limb function participate less in daily 
activities and are more likely to exhibit low motivation. Previous 
studies have mainly explored the correlation between rehabilitation 
motivation and independence in daily living (40, 41). However, upper 
limb motor function has a crucial impact on the participation of 
stroke survivors in daily living activities. The level of upper limb motor 
function can lead to different expectations for independent living, 
potentially affecting the internal factors of patients’ rehabilitation 
motivation. This potential correlation has not received much attention.

On the other hand, besides focusing on the impact of stroke 
patients’ motivation on their participation duration in rehabilitation 
treatment, this study further explored the correlation between 
motivation and the effectiveness of upper limb rehabilitation. 
We found that participants showed significant improvements in both 
motivation and motor function after undergoing 2 weeks of 
rehabilitation training. This may suggest that rehabilitation training 
not only promotes improvements in motor function but also has a 
positive effect on enhancing rehabilitation motivation. Rehabilitation 
training increases the participation level of stroke survivors through 
individualized goal-directed task design (22), while simultaneously 
integrating game strategies with wearable devices (such as exoskeleton 
robots, gloves, VR glasses, etc.) (16, 42–44), enhancing patient 
engagement in therapy during upper limb training. Participants in the 
low motivation group showed greater improvements in both 
motivation and upper limb motor function (FMA-UE) after 
rehabilitation training than those in the high motivation group. This 
could be because participants in the high motivation group already 
scored higher in motivation and motor function compared to those in 
the low motivation group, leading to a smaller margin for 
improvement due to a potential ceiling effect. However, there is 
potential for improvement in motivation and motor function among 
the low motivation group, which was promoted after rehabilitation 
intervention. In the low motivation group, improvements in 
rehabilitation motivation were significantly positively correlated with 
enhancements in upper limb motor function and independence in 
daily living. This implies that, in addition to conventional strategies 
for improving motor function, applying strategies to enhance 
rehabilitation motivation during rehabilitation could also promote 
improvements in upper limb motor function for the low motivation 
group, potentially providing a boost. However, this approach may not 
be as meaningful for the high motivation group.

From a functional perspective, motor control requires the analysis 
and understanding of the movement before its execution, followed by 
the planning and implementation of the movement. In the advanced 
cognitive stage of motor control, motivation can encourage patients 
to focus more actively on understanding the movement and quickly 
translate it into practical actions (24). From a structural perspective, 
motor control and cognition share a common neural circuit basis. 
Regions such as the dorsolateral prefrontal cortex (dlPFC), 
dorsomedial prefrontal cortex (dmPFC), premotor cortex(PMC), and 
supplementary motor area(SMA) are key brain regions for motor 

the initial RMS results and FMA-UE and FIM among participants with high motivation. (D) The figure shows the correlation between the change in RMS 
before and after rehabilitation training and FMA-UE and FIM among all study participants. (E) The figure shows the correlation between RMS before and 
after rehabilitation training and FMA-UE and FIM among participants with low motivation. (F) The figure shows the correlation between the change in 
RMS before and after rehabilitation training and FMA-UE and FIM among participants with high motivation.

FIGURE 5 (Continued)
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control. The coordination of these brain regions ensures the smooth 
flow of motor processes (45). The neural circuits involved in cognition, 
especially motivation, are mainly concentrated in the PFC, sharing 
common key brain regions with motor control. Basic research results 
have also confirmed these views. Structure is the basis of function, and 
the reward circuit and motor system should share a common 
structural basis, starting from the core structures of the reward circuit, 
the NAc, and VTA. It has long been believed that the NAc does not 
directly participate in motor control until Sawada et al. corrected this 
view in their research. Their study on fine motor control after spinal 
cord injury in macaques, confirmed by intracranial electrode 
recordings, demonstrated a direct correlation between the electrical 
activities of the NAc and the motor cortex. In the early stages of injury, 
activating or inactivating the NAc can directly affect fine motor 
control (46). Therefore, this further illustrates the regulatory role of 
motivation in motor control.

4.4 Strengths and limitations

This study is the first to investigate the distribution and correlation 
between rehabilitation motivation, emotions, and motor function in 
stroke patients. The findings confirm the close correlation between 
motor function and rehabilitation motivation in stroke patients, 
providing clinical evidence for the application of motivation 
enhancement strategies in stroke recovery. In the future, we  will 
further optimize and promote the application of an integrated 
rehabilitation program.

One of the main limitations of this study is that the research 
subjects should include more participants from different regions. In 
the next stage of the study, we  will conduct multi-center clinical 
research, while further exploring the underlying mechanisms of the 
influence of motivation on motor function in stroke patients.

5 Conclusion

There is a correlation between rehabilitation motivation and 
upper limb motor function in stroke patients. Those with diminished 
motor function in their upper limbs tend to display a lower level of 
motivation, which negatively impacts the recuperation of their upper 
limb abilities. Beyond conventional rehabilitation methods, the 
adoption of strategies aimed at boosting rehabilitation motivation in 
stroke patients characterized by low motivation and impaired upper 
limb function could lead to improvements in both their desire for 
rehabilitation and their motor capabilities. Such strategies warrant 
greater focus.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of Shanghai University of Traditional Chinese Medicine 
Affiliated Yueyang Hospital of Integrated Traditional Chinese and 
Western Medicine. The studies were conducted in accordance with 
the local legislation and institutional requirements. The participants 
provided their written informed consent to participate in this study. 
Written informed consent was obtained from the individual(s) for the 
publication of any potentially identifiable images or data included in 
this article.

Author contributions

WL: Conceptualization, Methodology, Project administration, 
Writing – original draft, Writing – review & editing. GZhu: Data 
curation, Formal analysis, Visualization, Writing – review & editing. YL: 
Data curation, Investigation, Project administration, Writing – review & 
editing. JW: Investigation, Project administration, Writing – review & 
editing. ZF: Investigation, Project administration, Validation, Writing – 
review & editing. JT: Data curation, Formal analysis, Investigation, 
Project administration, Writing – review & editing. GZha: 
Conceptualization, Resources, Validation, Writing – review & editing. 
DX: Conceptualization, Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study was 
supported in part by the National Key R&D Program of China 
(2023YFC3603700) and by the High-level Chinese Medicine Key 
Discipline Construction Project (Integrative Chinese and Western 
Medicine Clinic) of National Administration of TCM (zyyzdxk-
2023065). The funding sources were not involved in the study design, 
interpretation of data, or writing of the article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Zhao Y, Hua X, Ren X, Ouyang M, Chen C, Li Y, et al. Increasing burden of stroke 

in China: a systematic review and meta-analysis of prevalence, incidence, mortality, and 
case fatality. Int J Stroke. (2023) 18:259–67. doi: 10.1177/17474930221135983

 2. Hu S, Cui B, Mlynash M, Zhang X, Mehta KM, Lansberg MG. Stroke epidemiology 
and stroke policies in China from 1980 to 2017: a systematic review and meta-analysis. 
Int J Stroke. (2020) 15:18–28. doi: 10.1177/1747493019873562

https://doi.org/10.3389/fneur.2024.1390811
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1177/17474930221135983
https://doi.org/10.1177/1747493019873562


Li et al. 10.3389/fneur.2024.1390811

Frontiers in Neurology 12 frontiersin.org

 3. Meadmore KL, Hallewell E, Freeman C, Hughes A-M. Factors affecting 
rehabilitation and use of upper limb after stroke: views from healthcare professionals 
and stroke survivors. Top Stroke Rehabil. (2019) 26:94–100. doi: 
10.1080/10749357.2018.1544845

 4. Wissink KS, Spruit-van Eijk M, Buijck BI, Koopmans RTCM, Zuidema SU. Stroke 
rehabilitation in nursing homes: intensity of and motivation for physiotherapy. Tijdschr 
Gerontol Geriatr. (2014) 45:144–53. doi: 10.1007/s12439-014-0072-6

 5. DiPasquale J, Trammell M, Clark K, Fowler H, Callender L, Bennett M, et al. 
Intensity of usual care physical therapy during inpatient rehabilitation for people with 
neurologic diagnoses. PM R. (2022) 14:46–57. doi: 10.1002/pmrj.12577

 6. Broeks JG, Lankhorst GJ, Rumping K, Prevo AJH. The long-term outcome of arm 
function after stroke: results of a follow-up study. Disabil Rehabil. (1999) 21:357–64. doi: 
10.1080/096382899297459

 7. Wang Y-H, Yang Y-R, Pan P-J, Wang R-Y. Modeling factors predictive of functional 
improvement following acute stroke. J Chin Med Assoc. (2014) 77:469–76. doi: 10.1016/j.
jcma.2014.03.006

 8. Gangwani R, Cain A, Collins A, Cassidy JM. Leveraging factors of self-efficacy and 
motivation to optimize stroke recovery. Front Neurol. (2022) 13:823202. doi: 10.3389/
fneur.2022.823202

 9. Boosman H, Van Heugten CM, Winkens I, Smeets SM, Visser-Meily JM. Further 
validation of the motivation for traumatic brain injury rehabilitation questionnaire 
(MOT-Q) in patients with acquired brain injury. Neuropsychol Rehabil. (2016) 
26:87–102. doi: 10.1080/09602011.2014.1001409

 10. Gingrich N, Bosancich J, Schmidt J, Sakakibara BM. Capability, opportunity, 
motivation, and social participation after stroke. Top Stroke Rehabil. (2023) 30:423–35. 
doi: 10.1080/10749357.2022.2070358

 11. Fini NA, Holland AE, Keating J, Simek J, Bernhardt J. How Physically active are 
people following stroke? Systematic review and quantitative synthesis. Phys Ther. (2017) 
97:707–17. doi: 10.1093/ptj/pzx038

 12. Hall J, Morton S, Fitzsimons CF, Hall JF, Corepal R, English C, et al. Factors 
influencing sedentary behaviours after stroke: findings from qualitative observations 
and interviews with stroke survivors and their caregivers. BMC Public Health. (2020) 
20:967. doi: 10.1186/s12889-020-09113-6

 13. Doumas I, Everard G, Dehem S, Lejeune T. Serious games for upper limb 
rehabilitation after stroke: a meta-analysis. J NeuroEngineering Rehabil. (2021) 18:100. 
doi: 10.1186/s12984-021-00889-1

 14. Park J-S, Lee G, Choi J-B, Hwang N-K, Jung Y-J. Game-based hand resistance 
exercise versus traditional manual hand exercises for improving hand strength, motor 
function, and compliance in stroke patients: a multi-center randomized controlled study. 
NeuroRehabilitation. (2019) 45:221–7. doi: 10.3233/NRE-192829

 15. Chien W, Chong Y, Tse M, Chien C, Cheng H. Robot-assisted therapy for upper-
limb rehabilitation in subacute stroke patients: a systematic review and meta-analysis. 
Brain Behav. (2020) 10:e01742. doi: 10.1002/brb3.1742

 16. Colombo R, Pisano F, Mazzone A, Delconte C, Micera S, Carrozza MC, et al. 
Design strategies to improve patient motivation during robot-aided rehabilitation. J 
NeuroEng Rehabil. (2007) 4:3. doi: 10.1186/1743-0003-4-3

 17. Wei D, Hua X-Y, Zheng M-X, Wu J-J, Xu J-G. Effectiveness of robot-assisted virtual 
reality mirror therapy for upper limb motor dysfunction after stroke: study protocol for 
a single-center randomized controlled clinical trial. BMC Neurol. (2022) 22:307. doi: 
10.1186/s12883-022-02836-6

 18. Chen H-M, Lee H-L, Yang F-C, Chiu Y-W, Chao S-Y. Effectiveness of motivational 
interviewing in regard to activities of daily living and motivation for rehabilitation 
among stroke patients. Int J Environ Res Public Health. (2020) 17:2755. doi: 10.3390/
ijerph17082755

 19. Deci EL, Ryan RM. Self-determination theory in health care and its relations to 
motivational interviewing: a few comments. Int J Behav Nutr Phys Act. (2012) 9:24. doi: 
10.1186/1479-5868-9-24

 20. White G, Cordato D, O’Rourke F, Mendis R, Ghia D, Chan D. Validation of the 
stroke rehabilitation motivation scale: a pilot study. Asian J Gerontol Geriat. (2012) 
7:80–7.

 21. Litman TJ. An analysis of the sociologic factors affecting the rehabilitation of 
physically handicapped patients. Arch Phys Med Rehabil. (1964) 45:9–16.

 22. Horne M, Thomas N, McCabe C, Selles R, Vail A, Tyrrell P, et al. Patient-directed 
therapy during in-patient stroke rehabilitation: stroke survivors’ views of feasibility and 
acceptability. Disabil Rehabil. (2015) 37:2344–9. doi: 10.3109/09638288.2015.1024341

 23. Tan M, Li H, Wang X. Analysis of the current status of rehabilitation motivation 
and its influencing factors in older adults with stroke: a cross-sectional study. Front 
Aging Neurosci. (2023) 15:1186681. doi: 10.3389/fnagi.2023.1186681

 24. Cohen JR, D’Esposito M. The segregation and integration of distinct brain 
networks and their relationship to cognition. J Neurosci. (2016) 36:12083–94. doi: 
10.1523/JNEUROSCI.2965-15.2016

 25. Verrienti G, Raccagni C, Lombardozzi G, De Bartolo D, Iosa M. Motivation as a 
measurable outcome in stroke rehabilitation: a systematic review of the literature. Int J 
Environ Res Public Health. (2023) 20:4187. doi: 10.3390/ijerph20054187

 26. Yoshida T, Otaka Y, Kitamura S, Ushizawa K, Kumagai M, Kurihara Y, et al. 
Development and validation of new evaluation scale for measuring stroke patients’ 
motivation for rehabilitation in rehabilitation wards. PLoS One. (2022) 17:e0265214. doi: 
10.1371/journal.pone.0265214

 27. Signal N, McPherson K, Lewis G, Kayes N, Saywell N, Mudge S, et al. What 
influences acceptability and engagement with a high intensity exercise programme for 
people with stroke? A qualitative descriptive study. NeuroRehabilitation. (2016) 
39:507–17. doi: 10.3233/NRE-161382

 28. Lenze EJ, Munin MC, Quear T, Dew MA, Rogers JC, Begley AE, et al. The 
Pittsburgh Rehabilitation Participation Scale: reliability and validity of a clinician-rated 
measure of participation in acute rehabilitation. Arch Phys Med Rehabil. (2004) 85:380–4. 
doi: 10.1016/j.apmr.2003.06.001

 29. Damush TM, Plue L, Bakas T, Schmid A, Williams LS. Barriers and facilitators to 
exercise among stroke survivors. Rehabil Nurs. (2007) 32:253–60. doi: 
10.1002/j.2048-7940.2007.tb00183.x

 30. Rapolienė J, Endzelytė E, Jasevičienė I, Savickas R. Stroke patients motivation 
influence on the effectiveness of occupational therapy. Rehabil Res Pract. (2018) 
2018:1–7. doi: 10.1155/2018/9367942

 31. Green SL, Gignac GE, Watson PA, Brosnan N, Becerra R, Pestell C, et al. Apathy 
and depression as predictors of activities of daily living following stroke and traumatic 
brain injuries in adults: a Meta-analysis. Neuropsychol Rev. (2022) 32:51–69. doi: 
10.1007/s11065-021-09501-8

 32. Tay J, Morris RG, Markus HS. Apathy after stroke: diagnosis, mechanisms, 
consequences, and treatment. Int J Stroke. (2021) 16:510–8. doi: 10.1177/1747493021990906

 33. Le Heron C, Apps MAJ, Husain M. The anatomy of apathy: a neurocognitive 
framework for amotivated behaviour. Neuropsychologia. (2018) 118:54–67. doi: 
10.1016/j.neuropsychologia.2017.07.003

 34. Tay J, Lisiecka-Ford DM, Hollocks MJ, Tuladhar AM, Barrick TR, Forster A, et al. 
Network neuroscience of apathy in cerebrovascular disease. Prog Neurobiol. (2020) 
188:101785. doi: 10.1016/j.pneurobio.2020.101785

 35. Tay J, Tuladhar AM, Hollocks MJ, Brookes RL, Tozer DJ, Barrick TR, et al. Apathy 
is associated with large-scale white matter network disruption in small vessel disease. 
Neurology. (2019) 92:e1157–67. doi: 10.1212/WNL.0000000000007095

 36. Douven E, Köhler S, Schievink SHJ, Van Oostenbrugge RJ, Staals J, Verhey FRJ, 
et al. Baseline vascular cognitive impairment predicts the course of apathetic symptoms 
after stroke: the CASPER study. Am J Geriatr Psychiatry. (2018) 26:291–300. doi: 
10.1016/j.jagp.2017.09.022

 37. Rochat L, Van der Linden M, Renaud O, Epiney J-B, Michel P, Sztajzel R, et al. Poor 
reward sensitivity and apathy after stroke: implication of basal ganglia. Neurology. (2013) 
81:1674–80. doi: 10.1212/01.wnl.0000435290.49598.1d

 38. Bandyopadhyay T, Biswas A, Roy A, Guin D, Gangopadhyay G, Sarkhel S, et al. 
Neuropsychiatric profiles in patients with Alzheimer′s disease and vascular dementia. 
Ann Indian Acad Neurol. (2014) 17:325–30. doi: 10.4103/0972-2327.138520

 39. Mikami K, Jorge RE, Moser DJ, Jang M, Robinson RG. Incident apathy during the 
first year after stroke and its effect on physical and cognitive recovery. Am J Geriatr 
Psychiatry. (2013) 21:848–54. doi: 10.1016/j.jagp.2013.03.012

 40. Ishida S, Harashima H, Miyano S, Kawama K. Effect of rehabilitation motivation 
on improving activities of daily living in subacute stroke patients. J Stroke Cerebrovasc 
Dis. (2023) 32:107385. doi: 10.1016/j.jstrokecerebrovasdis.2023.107385

 41. Lau SCL, Tabor Connor L, Baum CM. Motivation, physical activity, and affect in 
community-dwelling stroke survivors: an ambulatory assessment approach. Ann Behav 
Med. (2023) 57:334–43. doi: 10.1093/abm/kaac065

 42. Goršič M, Hlucny SD, Novak D. Effects of different opponent types on motivation 
and exercise intensity in a competitive arm exercise game. Games Health J. (2020) 
9:31–6. doi: 10.1089/g4h.2019.0028

 43. Burridge JH, Lee ACW, Turk R, Stokes M, Whitall J, Vaidyanathan R, et al. 
Telehealth, wearable sensors, and the internet: will they improve stroke outcomes 
through increased intensity of therapy, motivation, and adherence to rehabilitation 
programs? J Neurol Phys Ther. (2017) 41:S32–8. doi: 10.1097/NPT.0000000000000183

 44. Kiper P, Szczudlik A, Agostini M, Opara J, Nowobilski R, Ventura L, et al. Virtual 
reality for upper limb rehabilitation in subacute and chronic stroke: a randomized controlled 
trial. Arch Phys Med Rehabil. (2018) 99:834–842.e4. doi: 10.1016/j.apmr.2018.01.023

 45. Dendauw E, Evans NJ, Logan GD, Haffen E, Bennabi D, Gajdos T, et al. The gated 
cascade diffusion model: an integrated theory of decision making, motor preparation, 
and motor execution. Psychol Rev. (2024). doi: 10.1037/rev0000464

 46. Sawada M, Kato K, Kunieda T, Mikuni N, Miyamoto S, Onoe H, et al. Function of 
the nucleus accumbens in motor control during recovery after spinal cord injury. 
Science. (2015) 350:98–101. doi: 10.1126/science.aab3825

https://doi.org/10.3389/fneur.2024.1390811
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1080/10749357.2018.1544845
https://doi.org/10.1007/s12439-014-0072-6
https://doi.org/10.1002/pmrj.12577
https://doi.org/10.1080/096382899297459
https://doi.org/10.1016/j.jcma.2014.03.006
https://doi.org/10.1016/j.jcma.2014.03.006
https://doi.org/10.3389/fneur.2022.823202
https://doi.org/10.3389/fneur.2022.823202
https://doi.org/10.1080/09602011.2014.1001409
https://doi.org/10.1080/10749357.2022.2070358
https://doi.org/10.1093/ptj/pzx038
https://doi.org/10.1186/s12889-020-09113-6
https://doi.org/10.1186/s12984-021-00889-1
https://doi.org/10.3233/NRE-192829
https://doi.org/10.1002/brb3.1742
https://doi.org/10.1186/1743-0003-4-3
https://doi.org/10.1186/s12883-022-02836-6
https://doi.org/10.3390/ijerph17082755
https://doi.org/10.3390/ijerph17082755
https://doi.org/10.1186/1479-5868-9-24
https://doi.org/10.3109/09638288.2015.1024341
https://doi.org/10.3389/fnagi.2023.1186681
https://doi.org/10.1523/JNEUROSCI.2965-15.2016
https://doi.org/10.3390/ijerph20054187
https://doi.org/10.1371/journal.pone.0265214
https://doi.org/10.3233/NRE-161382
https://doi.org/10.1016/j.apmr.2003.06.001
https://doi.org/10.1002/j.2048-7940.2007.tb00183.x
https://doi.org/10.1155/2018/9367942
https://doi.org/10.1007/s11065-021-09501-8
https://doi.org/10.1177/1747493021990906
https://doi.org/10.1016/j.neuropsychologia.2017.07.003
https://doi.org/10.1016/j.pneurobio.2020.101785
https://doi.org/10.1212/WNL.0000000000007095
https://doi.org/10.1016/j.jagp.2017.09.022
https://doi.org/10.1212/01.wnl.0000435290.49598.1d
https://doi.org/10.4103/0972-2327.138520
https://doi.org/10.1016/j.jagp.2013.03.012
https://doi.org/10.1016/j.jstrokecerebrovasdis.2023.107385
https://doi.org/10.1093/abm/kaac065
https://doi.org/10.1089/g4h.2019.0028
https://doi.org/10.1097/NPT.0000000000000183
https://doi.org/10.1016/j.apmr.2018.01.023
https://doi.org/10.1037/rev0000464
https://doi.org/10.1126/science.aab3825

	The relationship between rehabilitation motivation and upper limb motor function in stroke patients
	1 Introduction
	2 Materials and methods
	2.1 Study participants
	2.2 Experiment protocol and patient evaluation
	2.2.1 Experiment protocol
	2.2.2 Evaluation methods
	2.3 Statistical analysis

	3 Results
	3.1 Demographic and baseline clinical characteristics
	3.2 Assessment of motivation
	3.3 Correlation between motivation, emotion, and motor function
	3.4 The impact of rehabilitation training on motivation and motor function
	3.5 The impact of motivation on the improvement of patients’ motor function

	4 Discussion
	4.1 Distribution of motivation and assessment of motivation
	4.2 The relationship between emotion and motivation
	4.3 The relationship between upper limb motor function and motivation
	4.4 Strengths and limitations

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

