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Abstract
Background
Stroke is the most common neurological disease in the world. After the stroke, some people suffer a cognitive disability. Commercial videogames have been used after stroke for physical rehabilitation; however, their use in cognitive rehabilitation has hardly been studied. The objectives of this study were to analyze attention, processing speed, and working memory in patients with moderate stroke after an intervention with Wii Sports Resort and compared these results with a control group.

Methods
A pre-post design study was conducted with 30 moderate stroke patients aged 65 ± 15. The study lasted eight weeks. 15 participated in the intervention group and 15 belong to the control group. They were assessed in attention and processing speed (TMT-A and B) and working memory (Digit Span of WAIS-III). Parametric and effect size tests were used to analyze the improvement of those outcomes and compared both groups.

Results
At the baseline, there was no difference between TMT-A and B. A difference was found in the scalar score of TMT-B, as well as in Digit Backward Span and Total Digit Task. In TMT-A and B, the intervention group had better scores than the control group. The intervention group in the Digit Forward Span and the Total Digit obtained a moderate effect size and the control group also obtained a moderate effect size in Total Digit. In the Digit scalar scores, the control group achieved better results than the intervention group.

Conclusions
The results on attention, processing speed and working memory improved in both groups. However, according to the effect sizes, the intervention group achieved better results than the control group. In addition, the attention and processing speed improved more than the working memory after the intervention. Although more studies are needed in this area, the results are encouraging for cognitive rehabilitation after stroke.
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Background
Stroke is a really common neurological circulatory disorder, around 795,000 people suffer a new stroke every year and 185,000 are recurrent cases [1]. It is the second most common cause of dementia, death and more than 32% people after stroke suffer from cognitive impairments [2], and the third most common cause of disability which in five years after stroke the disabilities levels increase from 14 to 23% [1]. The after-effects of suffering a stroke can appear on a physical level, such as motor disorders [3, 4], hemiparesis [5], dizziness, vertigo and various sight and speech problems [6]. There can also be cognitive side-effects [7, 8], such as cognitive impairment [9, 10] and various attention disorders [11] on a spatial cognition [12] and behavioral [13] level.
Various studies have been conducted to improve the physical after-effects and to analyze functional capacity through physical activity and motor skills [3, 14, 15], and evidence has been found to suggest that physical activity leads to changes in brain structure [16, 17]. On a physical level, rehabilitation exercises have also been designed to recover the mobility of the affected hands and upper limbs [4, 18], as well as botox (botulinum toxin type A) treatments to improve the spasticity of the affected upper limbs [19].
There has also been research on a psychological level [20] to analyze post-stroke depression [21, 22] and quality of life [2, 23]. To improve the effects on a cognitive level, rehabilitation studies have been conducted to reduce attention deficits [11], aphasia [24] and to work on cognition to improve functional activity [25, 26]. The cognitive after-effects have been studied in the fields of neuropsychology [27] and neurorehabilitation [28, 29]. In neuropsychology, two of the most widely used instruments to measure cognitive abilities such as attention, processing speed and working memory, among others, have been the Trail Making Test [30, 31] and the WAIS Digit Span task [32].
Meanwhile, to decrease the affect-effects of strokes, there have also been studies on the impact of physical activity using commercial videogames, and their use in rehabilitation to control mainly physical consequences [33, 34], such as balance and gait disorders [33, 35] and effects on the upper limbs [36, 37]. However, there is hardly any scientific evidence regarding the use of commercial videogames to do physical activity in order to recover cognition [38, 39]. Hence, the main goal of this study was to evaluate the effect on the cognitive areas of attention, processing speed and working memory in people that have suffered a moderate stroke following an intervention with the Nintendo Wii Sports Resort and compared to a control group who did not receive the intervention with the Nintendo Wii Sport Resort.

Methods
Participants
The doctors evaluated all patients in the rehabilitation area, 40 of 182 were selected to this study. However, ten patients didn’t take part in the study because different circumstances (didn’t want to participate, recurrences, respiratory problems, etc.). Therefore, the participants were 30 patients in rehabilitation at a specific hospital for such problems that forms part of the public network in Biscay (Basque Country, Spain) (see Fig. 1).
The average age of the participants was 65 (SD = 15) and they were mainly men (67%). The inclusion criteria were: being of legal age (+ 18), having been diagnosed as having suffered a moderate stroke using the Oxfordshire Community Stroke Project (OCSP) instrument, a score on the Barthel Scale of between 60 and 90, Mini-Mental (MMSE) with a cut-off of 23 or higher, having suffered a stroke at least 1 month ago, but not more than 1 year ago and those the preservation of the dominant hand in order to conduct the assessment tasks. The exclusion criteria were: patients who don’t follow inclusion criteria and after a stroke who are in unstable clinical condition or are suffering from complications that require active medical treatment, people with comprehension difficulties that prevent them from following verbal instructions, people with dementia or cognitive impairment and people with uncontrolled psychiatric illnesses. Table 1 shows the socio-demographic variables for the entire sample and by intervention groups, revealing that most of them are comparatively similar. There are statistically significant differences in terms of age (p = .014; d = .99), in that the control group is older than the intervention group (71.55 vs 58.43, respectively); and in educational level (p = .040), in that the control group has a higher proportion of participants with a primary education (60%), while the intervention group has a greater proportion, with respect to the expected values, of subjects with higher education (26.7%).Table 1Sociodemographic characteristics of the sample


	 	 	Total Group (n = 30)
	Intervention Group (n = 15)
	Control Group (n = 15)
	Statistics

	 	n
	%
	n
	%
	n
	%
	
                              χ
                              
                              2
                            
	df
	
                              p
                            
	
                              p*
                            

	
                              Sex
                            

	 Men
	20
	66.7
	10
	66.7
	10
	66.7
	0.00
	1
	1.00
	1.00

	 Women
	10
	33.3
	5
	33.3
	5
	33.3
	 	 	 	 
	
                              Current Marital Status
                            

	 Married
	15
	50.0
	9
	60.0
	6
	40.0
	2.93
	3
	.402
	.475

	 Single
	10
	33.3
	5
	33.3
	5
	33.3
	 	 	 	 
	 Widowed
	2
	6.7
	0
	0.0
	2
	13.3
	 	 	 	 
	 Cohabiting
	3
	10.0
	1
	6.7
	2
	13.3
	 	 	 	 
	
                              Education
                            

	 Less than primary
	1
	3.3
	1
	6.7
	0
	0.0
	10.01
	4
	.040
	.028

	 Primary
	13
	43.3
	4
	26.7
	9
	60.0
	 	 	 	 
	 High school
	7
	23.3
	5
	33.3
	2
	13.3
	 	 	 	 
	 A levels
	5
	16.7
	1
	6.7
	4
	26.7
	 	 	 	 
	 Graduate studies or Master/PhD
	4
	13.3
	4
	26.7
	0
	0.0
	 	 	 	 
	
                              Where they live
                            

	 Own home
	24
	80.0
	11
	73.3
	13
	86.7
	0.83
	1
	.361
	.651

	 Relative’s home
	6
	20.0
	4
	26.6
	2
	13.3
	 	 	 	 
	
                              Who they live with
                            

	 Alone
	7
	23.3
	2
	13.3
	5
	33.3
	1.68
	1
	.195
	.390

	 With others
	23
	76.7
	13
	86.7
	10
	66.7
	 	 	 	 
	
                              Type of stroke and location
                            

	 Ischemic Right
	15
	50.0
	7
	46.7
	8
	53.3
	1.07
	3
	.785
	1.00

	 Ischemic Left
	6
	20.0
	3
	20.0
	3
	20.0
	 	 	 	 
	 Hemorrhagic Right
	8
	26.7
	4
	26.7
	4
	26.7
	 	 	 	 
	 Hemorrhagic Left
	1
	3.3
	1
	6.7
	0
	0.0
	 	 	 	 
	 	M
	SD
	M
	SD
	M
	SD
	
                              t
                            
	df
	
                              p
                            
	
                              d
                            

	
                              Age
                            
	 	65.00
	15.00
	58.43
	15.71
	71.55
	11.37
	−2.62
	28
	.014
	.99


Note: χ2: Chi-Square; df: Degree of Freedom; p: p-value; p*: Exact p-value; M: Mean; SD: Standard Deviation; t: t-Student
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Fig. 1Flow-chart of the sample selection. Only 40 of 182 of the rehabilitation area were selected for the study. 10 participants drop off the study because different causes, two groups were formed by medical professionals. The Intervention Group which realized standard protocol and the intervention with the Nintendo Wii Sports Resort and the Control Group which realized standard protocol and formed the waiting list





Measures
The demographic information was collected using a questionnaire created by the research team.
The Trail Making Test (Part A and Part B) created by Reitan [40], revised in 1992 [41], measures visuomotor speed, attention, motor function, visual scanning, working memory, processing speed and executive functioning. The instrument was created for use with people aged between 16 and 80. The test has two parts. In Part A, the subject has to connect numbers in order from lowest to highest, from 1 to 25; this measures sustained attention and hand-to-eye coordination. Part B adds letters of the alphabet, whereby numbers from 1 to 13 and letters from A to L must be ordered alternately; this assesses the ability to alternate between stimuli and, therefore, mental flexibility. Performance on the test is assessed according to the time taken and errors made. Our study will consider the time taken. There will be no time limit for completing the test, and times will be recorded in seconds.
The Digit Span task is a subtest of the WAIS-III scale created by David Wechsler [42]. It is used to assess attention, resistance to distraction, immediate auditory memory and working memory. It is applicable to people aged between 16 and 89. The test consists of three parts. The first is direct digit-sequencing (DST Forward), in which the participant is given a series of numbers and must repeat them in the same order. The second part involves digits in reverse order, whereby the participant is given a series of numbers and must repeat them backwards (DST Backward). One point is awarded for each correct item and zero points are awarded for each wrong answer. Each of these two tasks is scored between 0 and 16, in such a way that the maximum total score for the Digit Span test is 32 (Total DST). The internal consistency reliability is very high, with values over .90 for all mentioned age ranges, and the test-retest reproducibility is also high (r = .75) [42].

Procedure
A naturalistic pre-post facto study was conducted between June 2016 and February 2017. Informed consent was received from the participants, who were assigned a numerical code to ensure that the data was kept anonymous.
The doctors divided the participants into two groups. There were 15 people in the intervention group, who performed standard protocol and physical activities with the Nintendo Wii Sports Resort game (archery, tennis, golf, bowling, cycling and air sports), 3 days a week for a maximum duration of 30 min per session for 8 weeks. Meanwhile, the other participants formed the control group who performed the standard protocol and were on the waiting list. All of the participants received the service’s same standard protocol in terms of medical and recovery activities which consist on walking around the hospital, sessions of physiotherapist, occupational therapy, logo therapy and neuropsychologist.
The study lasted 8 weeks with 24 sessions. In the first session the psychologist explained the patient the use of the Nintendo Wii and the videogame Sport Resort with the use of the game controller and nunchuck (name of the second game controller). In the others sessions the psychologist was the support for the patients, but they were able to play the games by themselves and in each session patients could play between three or four games (five minutes each game), they took a rest between each game (in total ten minutes’ rest). This study selected these games following a previous study [43].
After the fourth day in the rehabilitation area, a first baseline assessment was conducted to assess cognitive level (attention, processing speed and working memory) using TMT A and B and the WAIS-III Digit Span task. Eight weeks later, the same assessment was carried out for all participants to check their evolution and analyze possible differences between groups and with respect to data for the normative population. After the second assessment, the control group was offered the chance to participate in the same intervention.

Data analysis
For the description of the socio-demographic data, the Mean (M) and Standard Deviation (SD) were used for the age variable. Frequency and percentages were calculated for the other variables.
With respect to the result variables, both the direct scores for the TMT and the WAIS Digit Span test were transformed into their corresponding scaled scores by age group, on the basis of the normative data offered by the NEURONORMA Project [44, 32]. The direct scores report the time taken for TMT tasks and the number of correct answers in the case of the Digit Span task, in such a way that short completion times and high numbers of correct answers expressed better performance on the respective tests. Meanwhile, the scaled scores offer the position of a subject’s performance with respect to their peers by sex, age and level of education on a scale of 0 to 10, where 10 would be the average value, and where a higher score reflects better performance on the test. For both types of scores, the M and SD are given as characterization statistics, as well as the contrast of differences between means based on a Student’s t-test for intergroup (independent t-test) and intragroup (t-test pairs) comparisons, and the estimation of the size effect by calculating Cohen’s d in accordance with the appropriate procedure in each case [45]. For pre-post-facto contrast and contrast between groups for each of the variables of interest, a repeated measures analysis of variance was performed with estimation of the inter- and intra-group and interaction effects. All of the analyses were conducted with the SPSS-V22 statistics program [46].


Results
Preliminary analyses
Table 2 shows the performance of the TMT and Digit Span tasks at the baseline for both groups, with no statistically significant differences being observed in the case of TMT tasks, apart from the scaled scores for Part B, where there is a marginal result (p = .089; d = .64). Differences were observed for the Digit Span task, which are of note when considering the scaled scores for the Backward sub-task (p < .001; d = 1.40) and Total score (p = .004; d = 1.15), and marginally so for the Forward sub- task (p = .067; d = .72).Table 2t-test Before Intervention in TMT, Digit Span Task and their scaled scores (SS)


	 	Intervention Group (n = 15)
	Control Group (n = 15)
	Statistics

	 	M
	SD
	M
	SD
	
                              t
                            
	df
	
                              p
                            
	
                              d
                            

	
                              TMT
                            

	 Part A
	74.60
	32.29
	82.33
	33.38
	−0.64
	28
	.524
	.23

	 Part B
	142.07
	64.44
	152.33
	58.46
	−0.46
	28
	.651
	.17

	 Part A (SS)
	6.33
	2.72
	7.67
	2.77
	−1.33
	28
	.194
	.49

	 Part B (SS)
	8.07
	2.43
	9.60
	2.32
	−1.76
	28
	.089
	.64

	
                              Digit Span Task (DST) WAIS- III
                            

	 DST Forward
	8.00
	2.56
	8.13
	1.46
	−0.17
	28
	.862
	.06

	 DST Backward
	5.73
	1.10
	6.60
	1.92
	−1.52
	28
	.140
	.55

	 Total DST
	18.93
	4.53
	19.67
	4.25
	−0.46
	28
	.651
	.17

	 DST Forward (SS)
	8.80
	3.21
	10.87
	2.70
	−1.91
	28
	.067
	.72

	 DST Span Backward (SS)
	7.73
	1.94
	11.27
	3.15
	−3.70
	28
	.001
	1.40

	 Total DST (SS)
	7.53
	2.56
	10.60
	2.77
	−3.15
	28
	.004
	1.15


TMT Trail Making Test Part A and B, SS Scaled Score, M Mean, SD Standard Deviation, t t-Student: df degree of freedom, p p-value, d d Cohen effect size




Results for TMT
Table 3 shows the data for the TMT, Part A and B, and the scaled scores (ASS and BSS, respectively) for both groups before and after the intervention, and the inter- and intra-group effects and the interaction effects. On both parts of the test, the intervention group presents a greater effect size than the control group, for both direct scores (Part A: d = 1.17 vs .48, respectively; Part B: d = 1.30 vs .68); and the scaled scores (Part ASS: d = .81 vs .55; Part BSS: d = 1.65 vs .65). For the different contrasts of the scores for the TMT, statistically significant data is observed for the intragroup effect (p ≤ .001), but not for the intergroup or interaction effects.Table 3TMT, Digit Span, scaled scores (SS) in the intervention and control groups before and after the intervention. ANOVA of repeated measures in comparison of intra- and inter-group scores


	 	Intervention Group (n = 15)
	Control Group (n = 15)
	 	 	 	 	 	 
	Base Line
	Eight weeks
	 	Base Line
	Eight weeks
	 	Intergroup
	Intragroup
	Interaction

	M
	SD
	M
	SD
	
                              d
                            
	M
	SD
	M
	SD
	
                              d
                            
	F
	
                              p
                            
	F
	
                              p
                            
	F
	
                              p
                            

	
                              TMT
                            

	 Part A
	74.60
	32.29
	54.07
	23.22
	1.17
	82.33
	33.38
	66.20
	23.57
	.48
	1.17
	.288
	13.93
	.001
	0.20
	.658

	 Part B
	142.07
	64.44
	83.27
	23.66
	1.30
	152.33
	58.46
	112.27
	37.34
	.68
	1.71
	.202
	26.54
	<.001
	0.95
	.337

	 Part A (SS)
	6.33
	2.72
	7.93
	2.37
	.81
	7.67
	2.77
	9.33
	2.66
	.55
	2.63
	.116
	12.38
	.001
	0.01
	.943

	 Part B (SS)
	8.07
	2.43
	10.47
	2.62
	1.65
	9.60
	2.32
	11.27
	1.67
	.65
	2.47
	.127
	28.25
	<.001
	0.92
	.346

	
                              Digit Span Task (DST) WAIS-III
                            

	 DST Forward
	8.00
	2.56
	9.00
	2.90
	.49
	8.13
	1.46
	8.40
	1.30
	.24
	0.10
	.753
	4.50
	.043
	1.51
	.230

	 DST Backward
	5.73
	1.10
	6.00
	1.85
	.16
	6.60
	1.92
	7.13
	1.99
	.25
	3.42
	.075
	1.36
	.253
	0.15
	.700

	 Total DST
	18.93
	4.53
	20.60
	5.41
	.56
	19.67
	4.25
	21.93
	5.27
	.56
	0.38
	.540
	9.28
	.005
	0.22
	.646

	 DST Forward (SS)
	8.80
	3.21
	10.40
	3.42
	.50
	10.87
	2.70
	11.40
	2.56
	.21
	2.32
	.139
	6.32
	.018
	1.58
	.219

	 DST Backward (SS)
	7.73
	1.94
	8.13
	3.18
	.16
	11.27
	3.15
	11.80
	2.54
	.19
	17.60
	<.001
	0.80
	.379
	0.02
	.899

	 Total DST (SS)
	7.53
	2.56
	8.40
	3.14
	.43
	10.60
	2.77
	11.67
	3.50
	.44
	9.60
	.004
	5.66
	.024
	0.06
	.807


TMT Trail Making Test Part A and B, M Mean, SD Standard Deviation, SS Scaled Score, d d Cohen effect size, F ANOVA F-test, p p-value




Results for WAIS- III digit span task
Likewise, Table 3 shows the data for the Digit Span Task (DST). For the intervention group, moderate test-retest effect sizes are presented for DST Backward and Total DST (d = .49 and .56, respectively); and for the control group in the case of Total DST (d = .56). A statistically marginal intergroup effect is observed for DST Backward (p = .075), as well as statistically significant intragroup effects for DST Backward and Total DST (p = .043 and .005, respectively), but not for the interaction effects.
With respect to the Digit Span scaled tasks (SS), moderate-high intra-group effects (p < .05) are observed for DST Forward (d = .50) for the intervention group, and moderate-low effects (d = .43 and .44) for Total DST for both groups. Likewise, significant differences are observed for the intergroup effect for DST Backward (p < .001) and Total DST (p = .004), with better performance being observed in the control group in both cases.


Discussion
The goal of this study was to describe the changes produced on a cognitive level, to attention and to processing speed as assessed by the TMT (Parts A and B) and to working memory as assessed by the WAIS-III Digit Span task, in subjects who had suffered a moderate stroke, after doing physical activity with the Nintendo Wii (Sports Resort) for a period of 8 weeks, and to compare these results to data from a control group that did no activity with the Wii.
Attention and processing speed improved in this study for both groups. However, the group that performed the intervention with the Nintendo Wii (Sports Resort) improved their performance more than the control group, especially when considering the difference between the effect sizes of the changes found for each group. The analysis of variance presents no evidence that invalidates the null hypothesis of a difference between groups (insignificant effect between groups and for interaction), but does show improved performance for both groups over time. However, sufficiently high effect sizes (d >. 80) are observed to consider that a significant change occurred [47, 48]. It is more than likely that the small sample size reduced the statistical power of contrast of the test performed, hence there are limitations for decision-making with regard to the admission of possible differences in the groups’ performance.
Moreover, a paradoxical result is observed with regard to the different TMT scoring formats. The direct scores for both Part A and B show faster completion times among the intervention group than in the control group. Although these are not statistically significant, they would suggest better performance, both at the start and end of the study in this group. However, the standardized scores indicate better performance in the control group than in the intervention group, which contradicts the effect observed for the direct scores. This effect is due to the standardized scores being constructed in accordance with people’s age and level of education, and in our study, differences were observed in terms of both age (higher in the control group) and level of education. This suggests a bias in the allocation of participants to the treatment groups, since said allocation is performed by the doctors responsible for the clinical care, who tended to prefer to use the Wii with younger people on account of believing that they would get the most benefits out of it. However, as commented earlier, the effect sizes of the changes in the two standardized tests were still higher in the intervention group (d > .80) than in the control group (between .55 and .65), from which an effect on improved performance associated with use of the Wii can be inferred. In fact, evidence has been found to show that the use of videogames and virtual reality in the same type of population can generate improvements in attention [49]. However, this greater progress in TMT performance may also be due to other variables that were not considered by this study, such as greater age-associated cognitive reserve, which should be observed in future studies.
Meanwhile, for working memory measured by the WAIS-III Digit Span task, and in consideration of the scaled scores, it was observed that in the Digit Span Forward task (DST Forward SS), the intervention group improved more than the control group when considering effect size. However, for DST Backward (DST Backward SS) and Total DST (Total DST SS), it was the control group’s performance that improved. These results contradict the data from the study by Neuronorma Project [32, 44], who proposed weaker performance on this test, depending on the level of education. However, in this study, it is observed that the control group with the lower level of education obtained better results than members of the intervention group who had a university degree or higher. Although the Neuronorma [32] Project found no relationship between this test and age, they do suggest that a decline in performance on this test is to be expected from 50 years of age onwards, an affect that does not agree with this study either, given that the control group was, on average, older than the intervention group. Meanwhile, studies such as that by Kluding [50], involving traditional physical activity and which uses the WAIS-III Digit Span Backward task for evaluation, observe a significant improvement in test performance, while in this study, the intervention using the videogame did not achieve the expected performance.
These results are promising, but inconclusive with regard to the beneficial effects of using the Wii to improve cognitive response among people who have suffered a moderate stroke. There are various limitations that lead us to exercise such caution. The first is related to the weak statistical power caused by working with such a small number of participants. It would be useful for studies to be conducted with a larger number of subjects, but the healthcare conditions themselves (prioritizing effective treatment, the lack of volunteers to take part in evaluation studies, etc.), often lead to the use of limited numbers of participants. One possible solution to increase sample size would be to extend the time for recruitment, but this would mean that the beneficial effects of the intervention could only be demonstrated after a very long time, and the progress of technology would render the resources being used now obsolete. Also conducting multi-center studies could be considered or synthesizing evidence through meta-analysis, but that would imply the need for the right conditions to be established.
A second limitation found of this study is derived from possible bias in the allocation of participants to study groups. This is undoubtedly a major limitation, because it could question the validity of these findings. In this case, considering this effect to have been partially controlled by the use of scaled scores for the TMT and Digit Span tasks, which were constructed precisely on the basis of the variables (age and education level) that were affected by the allocation of participants to groups. The use of completely random allocations and of standardized response variables should be basic goals of any research into healthcare results.

Conclusion
There is certain evidence of positive results of using the Wii in the recovery of physical functions in people affected by strokes [51]. Those found with respect to the recovery of cognitive functions went according to the results of previous studies [52, 53]. This study draws similar conclusions, and although the evidence is not conclusive, results are observed that seem to indicate a beneficial effect, especially in the areas of attention and processing speed.

Acknowledgments
We are grateful to the 30 patients for their participation, to the hospital for making itself available, and to the University of Deusto for awarding a FPI grant.
Funding
Not Applicable

Availability of data and materials
I declare, as principal investigator and on behalf of all the authors that data are available for the journal to be reviewed if necessary.


Authors’ contributions
IUM: literature review, data collection and analysis and paper writing. II and IA: decision, supervision and interpretation of the statistical analysis and correction of the writing format. NO and SM: management, supervision of the study, collaboration agreement procedures between the University of Deusto and the hospital of the Basque public health network, correction of the writing format. All authors read and approved the final manuscript.

Ethics approval and consent to participate
All of the participants were informed about the contents of the study and issued written consent indicating that they were aware that participation was voluntary. The study was approved by the University of Deusto Ethical Committee (ETK-19/14–15) and the Basque Public Healthcare Ethical Committee (Comité Ético de Investigación Clínica de Euskadi - CEIC E16/05), in compliance with the Helsinki Declaration.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


[image: Creative Commons]Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Benjamin EJ, et al. Heart Disease and Stroke Statistics- 2017 Update. A Report from the American Heart Association. Circulation. 2017;135. Recovered from: http://​circ.​ahajournals.​org/​content/​early/​2017/​01/​25/​CIR.​0000000000000485​. https://​doi.​org/​10.​1161/​CIR.​0000000000000485​.

2.
Mesa Y, Fernández O, Hernández TE, Parada Y. Quality of life in post-ictus patients: determinants factors from the acute phase. Rev Habanera Cienc Méd. 2016;15(4):508–24.

3.
Clafin E, Krishnan C, Khot S. Emerging treatments for motor rehabilitation after stroke. The Neurohospitalist. 2015;5(2):77–88. https://​doi.​org/​10.​1177/​1941874414561023​.Crossref

4.
Hatem SM, Saussez G, Faille M, Prist V, Zhang X, Dispa D, Bleyenheuft Y. Rehabilitation of motor function after stroke: a multiple systematic review focused on techniques to stimulate upper extremity recovery. Front Hum Neurosci. 2016;10(442):1–22. https://​doi.​org/​10.​3389/​fnhum.​2016.​00442.Crossref

5.
Kammen K, Boonstra AM, Woude L, Reinders-Messelink HA, Otter R. Differences in muscle activity and temporal step parameters between Lokomat guided walking and treadmill walking in post-stroke hemiparetic patients and healthy walkers. J Neuroeng Rehabil. 2017;14(32):1–11. https://​doi.​org/​10.​1186/​s12984-017-0244-z.Crossref

6.
World Health Organization (WHO). WHO Steps Stroke Manual. Publications of the World Health Organization; Geneve. http://​www.​who.​int/​ncds/​surveillance/​steps/​Manual.​pdf . Accessed Febraury 5, 2018.

7.
Cumming T, Marshall R, Lazar R. Stroke, cognitive defecits, and rehabilitation: still an incomplete picture. Int J Stroke. 2013;8:38–45. https://​doi.​org/​10.​1111/​j.​1747-4949.​2012.​00972.​x.CrossrefPubMed

8.
Stoodley CJ, MacMore JP, Makris N, Sherman JC, Schmahmann JD. Location of lesion determines motor vs. cognitive consequences in patients with cerebellar stroke. NeuroImage: Clinical. 2016;12:765–75.Crossref

9.
Fernández O, Rojas J, Pando A, Marrero M, Mesa Y, Santiesteban N, Ramírez E. Cognitive deterioration following cerebral infarction: frequency and determining factors. Rev Neurol. 2008;46(6):326–30.

10.
Ferreira MG, Moro CH, Franco SC. Cognitive performance after ischaemic stroke. Dementia e Neuropsychologia. 2015;9(2):165–75. https://​doi.​org/​10.​1590/​1980-57642015DN920000​11.Crossref

11.
Baker-Collo SL, Feigin VL, Lawes CMM, Parag V, Senior H, Rodgers A. Reducing attention deficits after stroke using attention process training: a randomized controlled trial. Stroke. 2009;40:3293–8. https://​doi.​org/​10.​1161/​strokeaha.​109.​558239.Crossref

12.
Barret AM, Muzaffar T. Spatial cognitive rehabilitation and motor recovery after stroke. Curr Opin Neurol. 2014;27(6):653–8. https://​doi.​org/​10.​1097/​WCO.​0000000000000148​.Crossref

13.
Balmaseda R. Barroso y Martín JM, León-Carrión J. Déficits neuropsicológicos y conductuales de los trastornos cerebrovasculares. Rev Esp Neuropsicología. 2002;4(4):312–30.

14.
Charalambous C, Helm EE, Lau KA, Morton SM, Reisman DS. The feasibility of an acute high- intensity exercise bout to promote locomotor learning after stroke. Top Stroke Rehabil. 2017. https://​doi.​org/​10.​1080/​10749357.​2017.​1399527.

15.
Nelson MLA, McKellar KA, Yi J, Kelloway L, Munce S, Cott C, Hall R, Fortin M, Teasell R, Lyons R. Stroke rehabilitation evidence and comorbidity: a systematic scoping review of randomized controlled trials. Top Stroke Rehabil. 2017;24(5):274–380. https://​doi.​org/​10.​1080/​10749357.​2017.​1282412.Crossref

16.
Landsmann B, Pinter D, Pirker E, Pichler G, Schippinger W, Weiss EM, Mathie G, Gattringer T, Fazekas F, Enzinger C. An exploratory intervention study suggests clinical benefits of training in chronic stroke to be paralleled by changes in brain activity using repeated fMRI. Clin Interv Aging. 2016;11:97–103.PubMedPubMedCentral

17.
Takebayashi T, Marumoto K, Takahashi K, Domen K. Differences in neural pathways are related to the short-or long-term benefits of constraint-induced movement therapy in patients with chronic stroke and hemiparesis: a pilot cohort study. Top Stroke Rehabil. 2017. https://​doi.​org/​10.​1080/​10749357.​2017.​1399231.

18.
Arwer H, Schut S, Boiten J, Vlieland TV, Meesters J. Patient reported aotcomes of hand function three yerars after stroke. Top Stroke Rehabil. 2017;25(1):13–9. https://​doi.​org/​10.​1080/​10749357.​2017.​1385232.Crossref

19.
Carvalho M, Pinto D, Gorayeb M, Jacinto J. Analysis of a 15-years’ experience in including shoulder muscles, when treating upper-limb spacticity post-stroke with botulinum toxin type a. Top Stroke Rehabil. 2018:1–9. https://​doi.​org/​10.​1080/​10749357.​2017.​1420009.

20.
Gurr B, Muelenz C. A follow-up study of psychological problems after stroke. Top Stroke Rehabil. 2011;18(5):461–9. https://​doi.​org/​10.​1310/​tsr1805-461.CrossrefPubMed

21.
Diller L, Bishop DS. Depression and stroke. Top Stroke Rehabil. 1995;2(2):44–55. https://​doi.​org/​10.​1080/​10749357.​1995.​11754069.CrossrefPubMed

22.
Espárrago G, Castilla-Guerra L, Moreno MC, Doblado S, Jimenez MD. Depresión post ictus: una actualización. Neurologia. 2015;30(1):23–31. https://​doi.​org/​10.​1016/​j.​nrl.​2012.​06.​008.Crossref

23.
Fraas MR. Enhancing quality of life for survivors of stroke through phenomenology. Top Stroke Rehabil. 2011;18(1):40–60.Crossref

24.
Fonseca J, Raposo A, Martins IP. Cognitive performance and aphasia recovery. Top Stroke Rehabil. 2017:1–6. https://​doi.​org/​10.​1080/​10749357.​2017.​1390904.

25.
Hoffman T, Bennett S, Koh CL, McKenna K. A systematic review of cognitive interventions to improve functional ability in people who have cognitive impairment following stroke. Top Stroke Rehabil. 2010;17(2):99–107. https://​doi.​org/​10.​1310/​tsr1702-99.Crossref

26.
Patel P, Bhatt T. Tast matter: influence of different cognitive tasks on cognitive-motor interference during dual-task walking in chronic stroke survivors. Top Stroke Rehabil. 2014;21(4):347–57. https://​doi.​org/​10.​1310/​tsr2104-347.CrossrefPubMed

27.
Asensio D. Short-term effects of neuropsychological intervention in an ictus case. Rev Discapacidad Clín Neurociencias. 2017;4(1):47–56.

28.
Albert S, Kesselring J. Neurorehabilitation of stroke. J Neurol. 2012;259:817–32. https://​doi.​org/​10.​1007/​s00415-011-6247-y.CrossrefPubMed

29.
Zucchella C, Capone A, Codella V, Vecchione C, Buccino G, Sandrini G, Pierelli F, Bartolo M. Assessing and restoring cognitive functions early after stroke. Funct Neurol. 2014;29(4):255–62.PubMedPubMedCentral

30.
Fernández AL, Marino JC, Alderete AM. Estandarización y validez conceptual del test del trazo en una muestra de adultos argentinos. Rev Neurológica Argent. 2002;27:83–8.

31.
Rami L, Serradell M, Villar B, Molinuevo JL. Valores normativos de tests de función cognitiva frontal para la población mayor de 60 años. Rev Neurol. 2007;45(5):268–71.PubMed

32.
Tamayo F, Casals-Coll M, Sánchez-Benavides G, Quintana M, Manero RM, Rognoni T, Calvo L, Palomo R, Aranciva F, Peña-Casanova J. Estudios normativos españoles en población adulta joven (Proyecto NEURONORMA jóvenes): normas para las pruebas span verbal, span visuoespacial, Letter-Number sequencing, Trail Making Test y Symbol Digit Modalities Test. Neurología. 2012;27(6):319–29. https://​doi.​org/​10.​1016/​j.​nrl.​2011.​12.​020.CrossrefPubMed

33.
Deutsch J, Brettler A, Smith C, Welsh J, John R, Guarrera-Bowlby P, Kafri M. Nintendo Wii sports and Wii fit game analysis, validation, and application to stroke rehabilitation. Top Stroke Rehabil. 2011;18(6):701–19. https://​doi.​org/​10.​1310/​tsr1806-701.CrossrefPubMed

34.
Ortiz-Huerta J, Pérez-de-Heredia-Torres M, Guijo-Blanco V, Santamaría-Vázquez M. Eficacia de la intervención con videoconsolas en pacientes con ictus: revisión sistemática. Rev Neurol. 2018;66(2):49–58.PubMed

35.
Bower KJ, Clark RA, McGinley JL, Martin CL, Miller KJ. Feasibility and efficacy of the Nintendo Wii gaming system to improve balance performance post-stroke: protocol of a phase II randomized controlled trial in an inpatient rehabilitation setting. Games Health J. 2013;2(2):103–8. https://​doi.​org/​10.​1089/​g4h.​2012.​0069.CrossrefPubMed

36.
Mouawad MR, Doust CG, Max MD, McNulty PA. Wii-based movement therapy to promote improved upper extremity function post-stroke: a pilot study. J Rehabil Med. 2011;43:527–33.Crossref

37.
Simsek TT, Cekok K. The effects of Nintendo Wii- based balance and upper extremity training on activities of daily living and quality of life in patients with sub-acute stroke: a randomized controlled study. Int J Neurosci. 2015. https://​doi.​org/​10.​3109/​00207454.​2015.​1115993.

38.
Mura G, Carta MG, Sancassiani F, Machado S, Prosperini L. Active exergames to improve cognitive functioning in neurological disabilities: a systematic review and meta-analysis. Eur J Phys Rehab Med. 2017. https://​doi.​org/​10.​23736/​S1973-9087.​17.​04680-9.

39.
Schachten T, Jansen P. The effects of golf training in patients with stroke: a pilot study. Int Psychogeriatr. 2015;27(5):865–73. https://​doi.​org/​10.​1017/​S104161021400245​2.CrossrefPubMed

40.
Reitan R. Validity of the trail making test as an Indicator of organic brain damage. Percept Motor Skills. 1958;8:271–6.Crossref

41.
Reitan R. Trail making test: manual for administration and scoring. Tucson, AZ: Reitan Neuropsychology Laboratory; 1992.

42.
Wechsler D. Escala de inteligencia de Wechsler para adultos-III. Madrid: TEA Ediciones; 1999.

43.
McNulty, PA et al. The efficacy of Wii-Based Movement Therapy for upper limb rehabilitation in the chronic poststroke period: a randomized controlled trial World Stroke Organization, 2015 doi: https://​doi.​org/​10.​1111/​ijs.​12594.

44.
Peña-Casanova J, et al. Spanish multicenter normative studies (NEURONORMA project): norms for verbal span, visuospatial span, letter and number sequencing, trail making test, and symbol digit modalities test. Arch Clin Neuropsych. 2009;24:321–41.Crossref

45.
Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a practical primer for t-tests and ANOVAs. Front Psychol. 2013;4(863):1–12. https://​doi.​org/​10.​3389/​fpsyg.​2013.​00863.Crossref

46.
IBM Corp. IBM SPSS statistics for windows, version 22.0. IBM Corp: Armonk, NY; 2013.

47.
de Vet HC, Terwee CB, Ostelo RW, Beckerman H, Knol DL, Bouter LM. Minimal changes in health status questionnaires: distinction between minimally detectable change and minimally important change. Health Qual Life Out. 2006;4:54. https://​doi.​org/​10.​1186/​1477-7525-4-54.Crossref

48.
Crosby RD, Kolotkin RL, Williams GR. Defining clinically meaningful change in health –related quality of life. J Clin Epidemiol. 2003;56:395–407.Crossref

49.
Kim BR, Chun MH, Kim LS, Park JY. Effect of virtual reality on cognition in stroke patients. ARM. 2011;35:450–9.PubMed

50.
Kluding PM, Tseng BY, Billinger SA. Exercise and executive function in individuals with chronic stroke: a pilot study. J Neurol Phys Ther. 2011;35(1):11–7. https://​doi.​org/​10.​1097/​NPT.​0b013e318208ee6c​.CrossrefPubMedPubMedCentral

51.
Dos Santos LR, Carregosa AA, Masruha MR, Dos Santos PA, Coelho ML, Ferraz DD, Ribeiro NM. The use of Nintendo Wii in the rehabilitation of Poststroke patients: a systematic review. J Stroke Cerebrovasc. 2015:24(10):1–8.

52.
Cho KH, Kim MK, Lee H-J, Lee WH. Virtual reality training with cognitive load improves walking function in chronic stroke patients. Tohoku J Exp Med. 2015;236(4):273–80.Crossref

53.
Hung J-W, et al. Cognitive effects of weight-shifting controlled exergames in patients with chronic stroke: a pilot randomized comparison trial. Eur J Phys Rehab Med. 2017;53(5):694–702.




OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





OEBPS/A12984_2019_500_Fig1_HTML.png
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» 42 several problems in communication.
» 40 several cognitive problems.
» 60 high probability of recurrence.
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1 (man) visual negligence.
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