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Abstract  

 
Background: Stroke often leads to cognitive impairment, which can 

significantly reduce one's independence as well as quality of life. Cognitive 

rehabilitation is a treatment strategy for restoring cognitive abilities following 

brain injuries. Cognitive functioning can be improved through the use of 

multimedia as well as informatics in computerized cognitive rehabilitation 

(CCR). Purpose: to investigate the influence of a mobile application-based 

brain training program on cognitive functions as well as quality of life in post 

stroke patients. Methodology: forty referred medically and radiologically 

diagnosed stroke patients from both genders experienced post stroke cognitive 

impairment (PSCI), aged from 45 to 60 years old, were randomized into two 

groups of the same number: a study group and a control group. The Study 

group received mobile application-based brain training program (Lumosity 

training application) as well as aerobic training on a bicycle ergometer, and 

the control group received only the aerobic training on a bicycle ergometer 

for 18 sessions every other day for 6 weeks, 3 sessions/week, each session for 

60 minutes. All patients were evaluated with Computer-based cognitive device 

RehaCom, Addenbrooke’s Cognitive Examination Revised (ACE-R) test, 

Montreal Cognitive Assessment (MoCA) in addition to Stroke specific quality 

of life scale (SS-QoL) pre and post treatment. Results: a significant difference 

has been detected among the two groups as the (p-value = 0.001) indicating 

that the study group reported enhancement in the cognitive functions as well 

as the quality of life more than the control group and there was a correlation 

between RehaCom, MoCA, ACE-R and SS-QoL. Conclusion: This study 

showed that six weeks of mobile application-based brain training program 

(Lumosity training application) as well as aerobic training on a bicycle 

ergometer was a beneficial approach and is a successful treatment for 

patients suffering from (PSCI).  

Keywords: Post stroke cognitive impairment, Computer-based cognitive 

device RehaCom, Addenbrooke’s Cognitive Examination Revised (ACE-R) 

test, Montreal Cognitive Assessment (MoCA) and Stroke specific quality of 

life scale (SS-QoL).   

1. Introduction 
Stroke refers to a clinical condition characterized by the sudden onset of a localized neurological 

impairment due to vascular injury (infarction, hemorrhage) affecting the central nervous system. 

Worldwide, stroke is the 2nd largest reason for death as well as disability. There is no single disease 
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that causes stroke; rather, several different variables, diseases, and mechanisms can all contribute to 

the development of this condition. Ischemic strokes account for the vast majority (85%) of all strokes, 

with arteriolosclerosis, cardioembolism, as well as atherothromboembolism being the most common 

causes. Intracerebral bleeding, which can occur in the deep basal ganglia, brainstem, or cerebellum, 

accounts for about 15% of all strokes worldwide (1). 

Greater than a third of stroke survivors develop cognitive problems, and it can occur at an earlier 

stage in some cases. Many people with this impairment struggle with it for a long time. It's linked to 

increased disability and lower functional independence, social engagement, as well as quality of life. 

Stroke survivors often have difficulties with memory, orientation, as well as attention. Effective 

measures that reduce the impact of post-stroke dementia, such as optimal post-acute stroke care as 

well as secondary prevention of cognitive drop, are required (2). 

A novel approach to stroke rehabilitation is the creation and usage of mobile applications that help 

stroke survivors in enhancing their own self-management. Stroke survivors can benefit from a 

rehabilitation program that utilizes mobile applications since they can continue their treatment at 

home after their discharge from the hospital (3) 

Improved performance on a wide variety of cognitive tasks, including speed, accuracy, visual-motor 

integration, focus, memory, and executive function have been observed in several BTG intervention 

studies (4-8). 

Aerobic physical exercise (PE) has a potential role in reducing cognitive impairment after stroke. A 

number of different neural mechanisms, such as enhanced synaptic plasticity, the dendritic 

arborization, the growth and survival of adult-born neurons (neurogenesis), the reorganization of 

neural networks and compensation processes in surviving brain areas, angiogenesis, as well as 

reduced secondary injury and neuron damage, have been linked to the advantages of aerobic physical 

exercise on cognitive recovery following a stroke (9). 

So, the current study was designed to investigate the impact of mobile application-based brain training 

program on cognitive functions as well as quality of life in post stroke patients. 

2. Materials And Methods 

The current study was conducted to examine the influence of the mobile application-based brain 

training program on cognitive functions as well as quality of life in post stroke patients. All patients 

were diagnosed clinically and radiologically and referred from their neurological consultants as 

having post stroke cognitive impairment (PSCI). The patients were chosen, and the study was carried-

out in outpatient clinics of Faculty of physical therapy, Cairo and Badr Universities, this study was 

conducted at the period from January 2022 to December 2022. 

True experimental research design study (one factorial RCT, pre-test and post-test control group 

design) was utilized. One trained research assistant assessed all patients and collected all data to 

reduce inter-investigator error. Patients were randomized according to the treatment procedure into 

two equal groups. 

Randomization method: Patients who met the study's inclusion criteria were randomized into two 

groups (I and II) utilizing a secure opaque closed envelope allocation mechanism. Group I (study 

group): consisted of twenty right-handed hemiparetic patients received mobile application-based 

brain training program using the Lumosity training application on the smartphone as well as aerobic 

training on a stationary bicycle ergometer for 18 sessions every other day for 6 weeks, 3 times per 

week, every session for 1 hour (30 minutes aerobic training on a stationary bicycle ergometer 

followed by 30 minutes for Lumosity training application on the smartphone). Group II (control 

group): consisted of twenty right-handed hemiparetic patients received the aerobic training on the 

stationary bicycle ergometer only for 18 sessions every other day for 6 weeks, 3 sessions/week, each 

session for 1hour.   

Blinding: All patients were assessed and referred by the same physician and physical therapy 

evaluation before beginning and at the end of the treatment program. Treatment allocations were kept 

secret from both the researcher and the participants.  
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Inclusion criteria: Forty right-handed hemiparetic patients from both genders aged from 45 to 60 

years old. They are complaining from a single ischemic stroke due to vascular insult in the territory of 

the carotid system diagnosed by Neurologist and confirmed radiologically by CT and / or MRI of the 

brain. Duration of illness ranged from three to 18 months. Spasticity grade (1 to 1+) based on the 

Modified Ashworth Scale (MAS). Patients were diagnosed medically as mild cognitive impairment 

with score from (18-23) based on Mini Mental State Examination (MMSE). All patients have mild 

cognitive deficits with score <26 according to Montreal Cognitive Assessment scale, Cognitive 

function less than 82 according to Addenbrookes’ Cognitive Examination- Revised [ACER]. 

Medically as well as psychologically stable patients. All patients had normal and stable vital signs 

(heart rate, blood pressure, temperature as well as respiratory rate). All patients had a good 

educational level and the body mass index ranged from 20-30 Kg/m2.  

Exclusion criteria: Patients with Recurrent stroke or hemiparesis due to other neurological causes 

rather than stroke. Patients with severe cardiovascular issues (unstable angina, serious coronary heart 

disease, or congestive heart failure) that have not been adequately treated. Visual, auditory and other 

neurological disorders (eg: Multiple sclerosis, Parkinsonism…etc). Patients receiving medications that 

may affect cognition. Patients having Moderate and severe obesity (BMI ≥ 30 kg/m2) and Illiterate 

patients. 

Data collection and intervention 

Assessment methods 

After being informed of the study's goals, methods, potential benefits, privacy, as well as data use, all 

participants signed a written consent form. Pre-treatment and post-treatment assessments were 

conducted on all patients. 

Assessment of cognitive function by Reha-com device 

The computerized Reha-Com device containing the (attention and concentration) program was 

utilized as the patient is asked to concentrate on every detail in the separately presented picture and 

select the one that resembles it in every detail from the matrix, as the assessment screen is splitted into 

two parts. One portion represents the matrix that involves: according to (24) levels of difficulty: 3 

pictures (1 by 3 matrix), 6 pictures (2 by 3 matrix) as well as 9 pictures (3 by 3 matrix), and the other 

part represents the separated picture. 

Addenbrooke’s Cognitive Examination Revised (ACE-R) test 

It consists of 26 tasks, divided into five domains. It takes about 15 minutes to administer. The 

maximum possible score is 100, and questions are asked in the sequence stated, with scores calculated 

immediately based on the addition of point values for each correctly answered question (10). 

Montreal Cognitive Assessment Scale (MoCA): 

The test is commonly used to screen for cognitive impairment. It was designed to detect mild 

cognitive Impairment.  It takes approximately 10 minutes to complete, 30-point cognitive screening 

instrument. It is utilized to evaluate multiple aspects of cognition, including: short-term memory; 

visual-spatial skills; executive function; concentration; attention; memory for work; language; as well 

as time-and-place awareness. The possible range of MoCA scores is 0–30. If you scored 26 or more, 

you're in the normal range. Scores below 25 indicate mild cognitive impairment (MCI) in individuals 

who have suffered a stroke, and the score has a high sensitivity (77%) as well as specificity (83%) 

(11).  

Intervention methods 

In the current study, the experimental group also received the 30-minute session of aerobic training 

given to the control group then the mobile application-based brain training program on lumosity 

training application for another 30 min, three times per week for six weeks. 

The Lumosity cognitive training program was utilized as the treatment condition in this study. 

Training sessions will include three cognitive training tasks each of them target a particular core 

cognitive capability and are grouped into three categories by target domain: memory (working 
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memory), attention (selective attention), and problem solving (logical reasoning) through these games 

(organic order and fues clues for logical reasoning training, lost in migration, trouble brewing, assist 

ants and train of thought for attention training and memory match and memory match one drive for 

working memory training). Tasks were provided in clusters over days, with no individual tasks being 

repeated on any one day, and the three tasks for a specific session were selected using an algorithm 

that aimed at maximizing a balance of training activities. it took about 30 minutes to finish a session 

consisting of all three tasks (12). 

The control group of the present study received only the aerobic training that done on a stationary 

bicycle ergometer for 60 min (20 min training on the bicycle then 10 min. rest then another 20 min. 

training on the bicycle). three times per week for six weeks. Before starting the training procedure 

each patient was instructed to sit vertically on the bicycle ergometer seat with erect back. Extra strap 

was placed on patient's feet to provide complete fixation on ergometer pedal. in the first week, 

patients bicycled to tolerance at 40% to 50% max HR, and then progressed to the 70% max HR in the 

second week. Intensity of aerobic exercise was systematically progressed for each patient by 

increasing resistance to maintain conditioning at 70% max HR (13). 

Statistical analysis 

The effects of ACE-R, MoCA, and focus and attention were compared both within and across groups 

using a two-way mixed MANOVA. Bonferroni adjustments were made for further multiple 

comparison. All statistical tests were performed at the p < 0.05 level of significance. The Windows 

version 25 of the Statistical Package for the Social Sciences (SPSS) (IBM SPSS, Chicago, IL, USA) 

was used for all statistical analysis.  

3. Results and Discussion 

Effect of treatment on ACE-R, MoCA and attention and concentration 

A significant interaction between treatment and time was found using two-way mixed MANOVA (F 

= 25.83, p = 0.001). The main impact of time was highly significant (F = 449.99, p = 0.001). 

Specifically, therapy had a statistically significant main impact (F = 8.56, p = 0.001).  

Within group comparison 

After treatment, both Group A and Group B showed statistically significant increases in ACE-R and 

MoCA relative to baseline (p < 0.001). The percentage increases in ACE-R and MoCA were 20.39 

and 45.86 in group A, while it was 14.41 and 21.98 in group B, respectively. (Table 1). 

The attention as well as concentration levels of both Group A and Group B significantly improved 

after treatment compared to before treatment (p < 0.001). After treatment, both Group A and Group B 

had significantly shorter minimum reaction time MRTs than they had before treatment (p < 0.001). 

(Table 2). 

Between group comparison 

No significant difference has been detected among groups pre-treatment (p > 0.05). There was a 

significant rise in ACE-R as well as MoCA of group A in comparison with that of group B post 

treatment (p < 0.001). A significant improvement has been detected in attention as well as 

concentration levels of group A in comparison with that of group B post treatment (p < 0.01). There 

was a significant decline in MRT of group A in comparison with that of group B post treatment (p < 

0.01). (Table 1-2). 

Table 1. Mean ACE-R and MoCA pre and post treatment of group A and B: 

 Group A Group B   

Mean ±SD Mean ±SD MD p value 

ACE-R    

Pre treatment 76.50 ± 2.23 75.30 ± 2.67 1.2 0.13 

Post treatment 92.10 ± 3.33 86.15 ± 3.24 5.95 0.001 

MD -15.6 -10.85   

% of change 20.39 14.41   
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 p = 0.001 p = 0.001   

MoCA     

Pre treatment 19.95 ± 3.39 20.25 ± 3.04 -0.3 0.77 

Post treatment 29.10 ± 1.55 24.70 ± 2.15 4.4 0.001 

MD -9.15 -4.45   

% of change 45.86 21.98   

 p = 0.001 p = 0.001   

SD, Standard deviation; MD, Mean difference; p value, Probability value. 

Table 2. Mean attention and concentration levels and MRT pre and post treatment of group A and B: 

 Group A Group B   

Mean ±SD Mean ±SD MD p value 

Attention and concentration level    

Pre treatment 2.55 ± 0.82 2.40 ± 0.68 0.15 0.53 

Post treatment 4.80 ± 0.95 3.15 ± 0.93 1.65 0.001 

MD -2.25 -0.75   

% of change 88.24 31.25   

 p = 0.001 p = 0.001   

MRT (msec)     

Pre treatment 7368.9 ± 888.53 7156.40 ± 916.54 212.5 0.46 

Post treatment 2847.70 ± 597.99 4214.80 ± 734.65 -1367.1 0.001 

MD 4521.2 2941.6   

% of change 61.36 41.10   

 p = 0.001 p = 0.001   

SD, Standard deviation; MD, Mean difference; p value, Probability value 

This study showed that the combination between the mobile application-based brain training program 

using the lumosity training application on the smartphone and aerobic training on a stationary bicycle 

ergometer was more effective for improving cognitive dysfunctions as well as quality of life in post 

stroke patients having cognitive disorders in the study group than utilizing the aerobic training only in 

the control group. 

Post-stroke cognitive impairment (PSCI) refers to any cognitive deficits that become apparent 

between three and six months after the occurrence of a stroke. It involves not just preexisting 

deficiencies, but also those caused by the stroke itself, including aphasia or memory loss, and 

impairments resulting from strategic infarcts in the hippocampus, the thalamus, and important cortical 

regions. Cognitive screening after a stroke typically identifies higher-order visuospatial, attentional, as 

well as executive problems, which is more strongly linked to classic vascular cognitive impairment 

(VCI) (14). 

Mobile apps are rising to prominence as a type of digital therapies as a result of the growing 

popularity of smartphones around the world and the subsequent shift to telemedicine in response to 

the COVID-19 epidemic. Given the limitations of traditional one-on-one sessions with 

physiotherapists, the use of cognitive training via mobile apps has emerged as a potentially useful 

complement (15). 

Consistent with the findings of Yeh et al., 2019 (2), the present study discovered that a 12- to 18-week 

sequential training program which sequentially combined aerobic exercise as well as computerized 

cognitive training significantly enhanced cognitive capabilities as well as motor functioning in 

patients with cognitive impairment following stroke. Improvements in general cognitive skills 

(measured by MoCA scores) characterize the improvement, which is consistent with our own MoCA-

based findings. 

This study's findings provide support to the idea that a mobile app-based brain training program can 

improve the quality and efficiency of rehabilitation for those with neurological disorders like stroke. 

Repetitive cognitive tasks, rapid presentation of stimuli using multisensory stimulation, and an 
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increase in neural plasticity (involving both structural as well as functional changes in the brain) are 

just a few of the potential advantages associated with using pc-cognitive retraining in a rehabilitation 

setting after brain injury. Cognitive training has been shown to improve brain function as well as 

functional recovery by increasing the amount of grey matter and enhancing activity in subcortical 

areas. Using computer-based trainings, therapists can help patients regain some of their lost cognitive 

function (16). 

Cognitive impairment caused by aging and mild cognitive impairment following stroke can be 

reduced through interventions that combine the incorporation of aerobic physical exercise (PE) with 

cognitive training, as revealed by Amorós-Aguilar et al., (2021) (17), and supported by the findings of 

the current study. Stroke-related cognitive impairment may additionally be treated by cognitive 

rehabilitation treatments and aerobic physical exercise only. Combining these types of actions can 

seem to make the greatest impact. 

The findings of the current study were consistent with those of Ozen et al. (2021) (18), who presented 

video game systems as novel and appealing interventions. Cognitive function increased in the control 

group that received both physical and occupational treatment. Experimental exercises, physiotherapy, 

as well as specialized computer gaming difficulties helped individuals in both groups. In terms of 

motor function, the hemiplegic upper extremity improved in both groups, whereas the hand improved 

only in the experimental group. The agreement with this study was referred to the same choice of the 

sample size problem and the same matrix of assessment tools used in our study as both of us found 

improvement in the scores of MoCA and SS-QoL scales. 

Additionally, Nie et al. (2022) (19) proposed that computer assisted cognitive rehabilitation (CACR) 

can be a helpful tool for cognitive rehabilitation following stroke, and the results of the present study 

support this idea. It's effective for enhancing patients' ADL and cognitive abilities and recovering 

patients' general functional state. As specialists in the field of cognitive rehabilitation, you feel 

assured that you have enough data to safely and effectively use CACR to treat patients who have 

experienced a stroke. 

Connor et al. (2012) (20) examined five individuals who had all suffered a severe stroke in the right 

hemisphere between the ages of 63 and 73, and their findings were at conflict with those of the 

present study. Brain-training games were recommended in the study to help individuals who have 

acquired brain injuries regain the cognitive abilities that had been damaged. The research 

recommended participants to complete 40 sessions of Lumosity training at least once each week for 

15-30 minutes. The primary goal of the study was to determine whether or not neuroplasticity would 

change; but the study had to shift its focus because the participants were unable to complete all 40 

sessions as a result of cognitive as well as physical impairments. According to the findings, 

individuals who have suffered a severe stroke would not benefit from this type of training. So due to 

the limited sample size, different age range and the prolonged time of rehabilitation the results of his 

study were in contradiction with our study results. 

Contrary to the findings of Gaitán et al. (2012) (21), who found that adding a Computer-based 

cognitive training (CBCT) program to cognitive training (CT) for patients suffering from amnestic 

multi-domain MCI and AD improved anxiety symptoms as well as decision making but didn't appear 

to have a significant impact on cognitive functioning, the present study found no such effect and the 

cause of disagreement was referred to the difference in the sample size problem as our study worked 

with stroke patients while this study worked with Alzheimer patients. 

4.  Conclusion 

According to the scope and results of this study, that concluded that the rehabilitation program of  the 

study group that depends on mobile application-based brain training program using the Lumosity 

training application on the smartphone in addition to aerobic training on the stationary bicycle 

ergometer showed a significant enhancement in the cognitive function outcomes and the quality of 

life compared to the control group who received the aerobic training on the stationary bicycle 

ergometer only, so the present study indicates that mobile application-based brain training program is 

beneficial in improvement of cognitive functions, functional independency as well as quality of life of 

post stroke patients. Therefore, physiotherapy clinics should recommend a combination of the mobile 
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application-based brain training program with the aerobic exercise as an efficient, reliable as well as 

noninvasive approach for rehabilitation. 
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