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Abstract. Objective: Post-stroke cognitive impairment is one of the major dysfunction after stroke,
which can lead to a variety of negative health outcomes. This study aims to evaluate the effects of
rehabilitation robotic therapy in post-stroke cognitive impairment patients.

Methods: As of December 2022, PubMed, Embase, Web of Science, Cochrane Library, and China
National Knowledge Infrastructure were searched through electronic databases. Eligibility criteria
RCTs evaluate RCTs of rehabilitation robots on treatment events in patients with cognitive
impairment after stroke, compared to control groups.

Results: Eight studies were included (n = 431). When combined with routine cognitive training
efficacy, rehabilitation robot intervention observably reduced MOCA scores, MBI scores and FMA
score. Furthermore, the FIM scores and MMSE scores were also better than the control groups.
Rehabilitation robots training can improve the cognitive function of stroke patients and is an
effective means of stroke rehabilitation.
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1. Introduction
Post-stroke cognitive impairment is a clinical syndrome characterized by cognitive impairment

that occurs after stroke and lasts for 3-6 months. It is one of the major functional disorders after
stroke. Statistically, three quarters of stroke survivors show cognitive impairment, with an incidence
of up to 80 percent [1]. Cognitive dysfunction includes executive force, memory, visual-spatial, and
emotional defects associated with depressive / anxiety issues. Post-stroke cognitive impairment
makes patients unable to well cooperate with rehabilitation training, hinders the progress of
functional recovery, effects the ability of daily life activities, reduces the living quality and survival
time of patients, significantly adds the pressure of family and social and economic burden of, and
has a negative impact on rehabilitation strategies.

Traditional rehabilitation therapy only carries out routine cognitive training, which consumes a
considerable amount of manpower and material resources, and the training process is relatively
simple and lack of interest. It relies on the skills and professional knowledge of therapists, and has
few active participation of patients, which makes the effect of rehabilitation training is not ideal.
Currently, increasing evidence highlights the possible impact of robotic rehabilitation on functional
recovery in neurology patients. At present, the rehabilitation robot has been gradually applied in
clinical rehabilitation, studies have shown that rehabilitation robot can combine task orientation and
virtual reality technology, with high intensity, high repetition, rich environment stimulation
characteristics, can provide personalized auxiliary support, to insure that the patients in the right
way to complete the task needed to keep power, is an important supplement of cognitive
rehabilitation training.Previous meta-analysis studies have involved only rehabilitation robots being
useful in improving motor function, daily living ability, but no clear study suggests its role in
enhancing cognitive skills. Therefore, we strictly included the experiment by standardized screening
and demonstrated the conclusion by comparing the scores of five aspects. This article aimed to
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assess the impact of rehabilitation robot therapy in post-stroke cognitive impairment patients by
meta-analysis.

2. Methods
In accordance with the comments contained in the Cochrane Interventions System Review

Manual, we performed detailed operational definition instructions before starting the search [2], as
shown in Fig.1.

Fig. 1. Summary characteristics of studies

2.1 Selection Criteria
We included studies evaluating adults (> 18 years old) with mild to moderate cognitive

impairment after stroke (ischemic or hemorrhagic) according to the who definition. Randomized
controlled trials involving only evaluating the outcome of rehabilitation robotic interventions and
compared with conventional cognitive training and routine rehabilitation training interventions.
Different experiments adopt different rehabilitation training systems, but all of them can combine
task orientation with virtual reality technology, have the characteristics of high intensity, high
repetition and rich environmental stimulation, and can achieve the purpose of training patients'
cognitive function. Only studies reporting the MBI, MoCA, FMA, FIM, MMSE were included.
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2.2 Search Strategy

As of December 2022, the electronic databases are retrieved. Combine the selected medical topic
titles with free-text terms such as the robotics (e.g., remote operation, telerobotics, soft robotics)
and stroke (e.g., cerebrovascular accident, cerebral infarction) to create a final search strategy. This
can be used in other databases by using the appropriate Boolean operators and search symbols. And
the Chinese translation is also used in the Chinese database. Our study does not extend to the grey
literature field.

2.3 Study Selection and Data Extraction
The authors independently extracted the data into a predesigned spreadsheet including the study

background and timeframe, the participants' demographics, the intervention of their descriptors and
outcome measures. Collect data required for meta-analysis including relevant SD and mean
difference between baseline and postintervention to assess outcomes. Differences in data extraction
or study selection were discussed by two reviewers and commented on and judged by a third
reviewer.

2.4 Quality Assessment
The reviewers estimated the risk of error in all researches that accord with the selection standard

by identifying the bias attributable to randomization, attrition bias, blinding, and reporting through
the checklist. The overall high risk was for researches with a high risk of bias under different fields,
while the moderate risk was for studies with ambiguous information in any domain. Low risk
criteria in each domain apply to studies. Grade measures (recommendation, evaluation, progress,
and assessment levels) methods were also used for assessing the quality of each outcome and
measuring evidence for the tabulated data (MoCA, MBI, FIM, MMSE and FMA). The initial "high
quality" rating of the RCT fell by one level due to serious concern (or a very serious problem on
two levels), involving the risk of bias, indirect, inconsistency, or publication bias associated with
associated evidence for each result.

2.5 Data Analysis
The study characteristics were qualitatively integrated. The mean difference and SD of mean

difference were used in the meta-analysis of continuous variables (MoCA, MBI, FIM, MMSE,
FMA). Not all research has stated numerical values of SDs before and after using the robots. Under
these circumstances, the direct contact study’ s authors requested missing data and, if not, we
estimated the missing values by an indirect approach. We deal with heterogeneity by using a
random effects model caused by the expected population (post-stroke cognitive impairment) and
robotic interventions.

3. Reasults
Based on the search strategy of this research, 1325 articles were identified after removing

duplicates; 16 full-text articles (Fig. 2) were retrieved from them. After exclusion, they were
systematically reviewed and meta-analyzed in eight retained RCTs involving a total of 431
patients.Relatively low risk of bias in four research, two research moderate, and one research
relatively high (Fig. 3).The ratings of the quality of evidence scores for each meta-analysis result
ranged from medium to very low.
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Fig. 2. Flow chart for research selection process.

Fig. 3. (A) Risk of bias: review writers' estimates of the involved researches on the percentage of
items in each risk of bias;(B) Risk of bias summary: inspect the writers' estimates on the items

expressed in each risk of bias in the involved researches
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Fig. 4. Forest plot of MBI scores induced by rehabilitation robots and control intervention.

Fig. 5. Forest plot of FMA score induced by rehabilitation robots and control intervention

Fig. 6. Forest plot of (A) MOCA scores, (B) MMSE scores, (C) FIM induced by rehabilitation
robots and control intervention

4. Quantitative Synthesis (Meta-analysis)
4.1 MBI score

MBI data from three studies [3, 4, 10], including 184 patients (intervention n = 102, showed that
rehabilitation robots improved MBI scores more significantly (MD= 19.93,95%, CI = 17.94 to
21.91, P < 0.00001, I ² = 99%, Fig. 4).We found that heterogeneity comes from Zhao (2020)
through a susceptivity analysis. Heterogeneity was significantly lowered when this research was
eliminated (MD = 8.67, 95%, CI = 6.13 to 11.21, P < 0.00001, I² = 0%).

4.2 FMA score
Two RCTs measured the FMA scores, representing 72 patients (n = 37), as compared to the

control groups [5, 9]. From the summary data of these two studies, rehabilitation robots
significantly reduced the FMA scores (MD = 3.04, 95%, CI = 1.42 to 4.66, P = 0.0002, I² = 0%,
Fig. 5).

4.3 MOCA Score
The MOCA data came from five studies [3, 4, 7, 9, 10], including 281 patients (intervention n =

149), the intervention group significantly improved the MOCA scores when compared with the
conventional cognitive training groups (MD = 5.86, 95%, CI = 5.60 to 6.11, and P < 0.00001, I² =
99%, Fig. 6A). We found that heterogeneity comes from Zhao (2020) and Alfredo (2020) through a
susceptivity analysis. Therefore, the heterogeneity was recalibrated and found to be reduced (MD =
2.27, 95%, CI = 1.77 to 2.77, P < 0.00001, I² = 0%).

4.4 MMSE Score
Rehabilitation robots was associated with an improved MMSE scores (MD = 3.07, 95%, CI =

2.63 to 3.51, P < 0.00001, I² = 0%, Fig. 6B), involving two randomized controlled trials including
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125 patients (n = 63) [3, 10]. Because very few studies were included , it was impossible to find a
source of heterogeneity.

4.5 FIM Score
Three RCTs represented 132 patients (intervention n = 67), in comparison with the control group

[5, 7, 9]. Summary data from these three experiments showed better treatment outcomes in
rehabilitation robots groups (MD = 5.71, 95%, CI = 3.66 to 7.77, P < 0.00001, I² = 41%, Fig. 6 C).

4.6 Adverse Events
Only one patient in the eight RCTs had an adverse event, developed scalp tingling at the start of

the treatment, which disappeared after 1 day of rest, and continued participation in therapy.

5. Discussion
Post-stroke cognitive impairment is one of the major dysfunction after stroke [8]. The advantage

of this study is the introduction of multiple outcome scores, including five aspects: MOCA, MBI,
FIM, MMSE, and FMA, which can show practical improvements in subfields including attention,
memory, and executive function, making the findings more comprehensive and credible. We
addressed studies with less heterogeneity by using fixed-effects models and sensitivity analyses.
The MOCA, MBI, FIM, MMSE, and FMA scores in the rehabilitation robot groups were all
dramatically improved compared with the conventional cognitive training groups. At the same time,
after the intervention, the scores of both groups were dramatically improved compared with those
before the intervention. It suggests that the routine homework training, whether combined with
conventional cognitive training or rehabilitation robot training, can improve the cognitive function
of stroke patients, Improve their ability to live in their daily activities. However, the training effect
of rehabilitation robot training combined with conventional operation therapy is more significant.
This result did not significantly differ in cognitive function in patients with different cultural levels.
The results are identical to the conclusion of several scholars [5, 11]. Cognitive impairment is
mainly manifested as structural and visual spatial function, memory, execution force, timing and
orientation force, attention disorder, etc., and patients can have one or more symptoms. Patients
with cognitive dysfunction are often difficult to pay attention, training is missing the point, unable
to well understand and implement the goals and treatment plans set by the therapist, and unable to
apply the sports skills learned to daily life. The virtual scene training of the rehabilitation robot
makes the patients get rid of the boredom of the routine operation treatment, mobilize the
enthusiasm of the patients, and make the patients more actively participate in the daily training. It
can give patients rich sound and light dynamic stimulation, attract patients' attention, and the
computer system can also compare the patient training effect immediately [12]. Through repetitive
training, it can effectively enhance sensory and motor information input, improve attention, increase
patients' training interest and enthusiasm, accelerate the recovery of damaged brain function and,
promote the recovery of cognitive function. It can effectively promote the improvement of attention
in the cognitive function of PSCI patients, so as to improve their cognitive function and promote the
improvement of ADL.

In the past few years, robotic therapy aims to improve exercise performance and ADL, although
cognitive disorder is usually overlooked or its treatment is independent of exercise injuries [13].
Cognitive therapy is critical in subjects with frequent concurrent cognitive and exercise disorders,
such as stroke patients. Indeed, as observed in several studies [14], the limited shift in limb motor
improvement of limb mobility, such as ADL, may be because of a lack of attention to coexisting
cognitive impairment. Aprile et al. (2020) show that rehabilitation robot training has made
tremendous strides in multiple domains of cognitive dysfunction after stroke [6].In addition, the
visual feedback, auditory feedback, situational feedback and reward and punishment feedback
generated during the training process of the rehabilitation robot form a rich environmental stimulus.
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Abundant environmental stimuli can activate gene expression associated with cellular remodeling,
promote axonal elongation and the establishment of new synaptic connections, and increase
neuroplasticity in. Dendritic spines are an important region for synaptic remodeling. Studies in rats
show that enriched environmental stimuli can increase the number of dendritic spines and synapses,
increase the number of neuronal stem cells and neuroblasts in rats, and promote the migration of
proliferating cells to the area of cerebral infarction. Rich environmental stimulation can promote the
regeneration of neurons and processes in rats, accelerate the remodeling of neural network, transfer
functional brain regions, and promote the reorganization of brain function.

Furthermore, our study currently has the following limitations. First, the study time is not long,
and its long-term efficacy needs to be improved in subsequent studies. For future studies, studies
planning more participants and long-term follow-up to draw conclusions probably appropriate.
Second, the virtual scene training is not immersive, and the training effect is not ideal. If further
improvement can be achieved, it is not only more conducive to functional improvement, but also
has a better patient training experience. Furthermore, future experiments should improve the
standardized reporting of robot-assisted rehabilitation, encourage randomized controlled trials to
follow the STRICTA guidelines, and rigorously design large-scale RCTs to fully meet the standard
for reporting interventions included in the guidelines for clinical trials of rehabilitation robots.

6. Conclusion
Based on our study, rehabilitation robot training can improve the cognitive function of stroke

patients and promote the improvement of daily living ability, which is an effective means of stroke
rehabilitation.
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