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Abstract

:

Background: Parkinson’s disease (PD) is the second most common neurodegenerative disorder. This disease is characterized by motor symptoms, such as bradykinesia, tremor, and rigidity. Although balance impairment is characteristic of advanced stages, it can be present with less intensity since the beginning of the disease. Approximately 60% of PD patients fall once a year and 40% recurrently. On the other hand, cognitive symptoms affect up to 20% of patients with PD in early stages and can even precede the onset of motor symptoms. There are cognitive requirements for balance and can be challenged when attention is diverted or reduced, linking a worse balance and a higher probability of falls with a slower cognitive processing speed and attentional problems. Cognitive rehabilitation of attention and processing speed can lead to an improvement in postural stability in patients with Parkinson’s. Methods: We present a parallel and controlled randomized clinical trial (RCT) to assess the impact on balance of a protocol based on cognitive rehabilitation focused on sustained attention through the NeuronUP platform (Neuronup SI, La Rioja, Spain) in patients with PD. For 4 weeks, patients in the experimental group will receive cognitive therapy three days a week while the control group will not receive any therapy. The protocol has been registered at trials.gov NCT04730466. Conclusions: Cognitive therapy efficacy on balance improvement may open the possibility of new rehabilitation strategies for prevention of falls in PD, reducing morbidity, and saving costs to the health care system.
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1. Introduction


Parkinson’s disease (PD) is the second most common neurodegenerative disorder. This disease is characterized by motor symptoms, such as bradykinesia, tremor, and rigidity. Non-motor symptoms such as cognitive impairment, anosmia, sleep disorders, or depression are also part of the disease, and although their prevalence is very high, they are often underdiagnosed [1,2].



One of the cognitive characteristics in PD is the slowness in the processing of information, which includes deficits in processing speed and attention, cognitive inflexibility, and forgetfulness [3]. These symptoms may appear from the initial stages of the disease [4].



Approximately 60% of PD patients fall once a year and 40% do so regularly [5]. These falls may be correlated with the inability to achieve compensatory movements to regain balance when their center of gravity generally oscillates outside their limits of stability (LOS), which is reduced in this disease [6]. Some authors point out that reaction times and processing speed [7] may be a marker of postural instability since a reduced speed is associated with difficulty in making turns [8]. This is in line with Pantall’s findings, indicating that cognitive function and postural control progressively worsen with disease progression [9].



The relationship between cognitive impairment and postural instability in PD patients may be specific for tasks that assess the dorsolateral prefrontal cortex and its frontal–subcortical connections [10]. The main cognitive functions whose affectation would influence a worse balance and gait performance would be attention and executive functions [7,11,12,13]. Varalta et al. [12] specified that balance is related to executive functions and attention, while functional mobility is related to cognitive impairment, verbal fluency, and attentional capacity.



Some authors point out that within the executive functions the component with the greatest weight in this relationship would be the inhibitory control [13]. Dual-task performance has also been established as a good indicator of falls in patients with early-stage PD and no previous history of falls [14]. The studies that carried out a one and a half years follow-up of the participants concluded that the deterioration of executive functions acts as a predictor of future falls in patients with PD [7,9,15,16].



Cognitive rehabilitation through neurorehabilitation platforms and neuropsychological rehabilitation in patients with Parkinson’s disease has shown to be effective in improving processing speed, attention, and executive functions [17,18,19,20].



Although the relationship between cognitive deficits and postural stability seems to be demonstrated [21] we have not found studies that, through cognitive rehabilitation, seek a stability improvement.



The main aim of this study is to conduct a parallel and controlled randomized clinical trial to validate a rehabilitation protocol for sustained attention and information processing speed in patients with Parkinson’s disease, targeting changes in 1. instrumental and clinical evaluation of postural stability and 2. wide neuropsychological and neurophysiological evaluation. Our main hypothesis is that the group that receives cognitive rehabilitation will improve their postural stability compared to the group that does not undergo any therapy. If this hypothesis is confirmed it will open the possibility of new rehabilitation strategies for prevention of falls in PD, reducing morbidity, and saving costs to the health care system.




2. Materials and Methods


Mat the Standard Protocol Items: Recommended Items for Interventional Trials (SPIRIT) 2013 checklist has been used to assure the quality of the protocol [22].



2.1. Study Design and Participants


The participants will be recruited in PD outpatient’s clinic of the Beata María Ana Hospital of Madrid and referred from other collaborators centers and hospitals or self-referrals that know the research project due to the dissemination through social networks. The subjects included will be assessed by a neurologist expert in movement disorders (J.P.R.)) (Figure 1). All patients will be idiopathic PD patients diagnosed according to the UK Parkinson’s Disease Society Brain Bank criteria. The inclusion and exclusion criteria are shown in Table 1. During the protocol, changes in dopaminergic medication will be prohibited and, if necessary, will lead to the exclusion of the patient. The total daily dose of dopaminergic drugs will be recorded and controlled in the final analysis of the results.



To control the Wearing-off effect, a specific questionnaire will be applied both at the beginning and at the end of the study [23].



The data will be anonymized and will be recorded separately, being safeguarded in accordance with current European data protection laws. All data will be recorded and verified twice in a database designed for the study.



The study design will be a parallel, randomized and controlled experimental study. The patients included in the sample will be divided into two groups: Cognitive rehabilitation (experimental) and no therapy (control). The distribution will be random, but it will be ensured that there is an equitable number of subjects in each of the stages of the disease, being matched by their score in HY. The randomization of the sample will be done through the website: http://www.randomization.com/ (accessed on 12 February 2020). The duration of the study will be 18 months.



The sample will be composed of 46 patients randomly distributed in a 1:1 ratio (Figure 1). To calculate the sample size, we used the GRANMO calculator. Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a one-sided contrast, 23 subjects are required to detect a difference equal to 12 points in the Biodex objective stability limits test assessment (Biodex, Version 1.08, Biodex, Inc., Shirley, NY, USA). The standard deviation in the stability limits test obtained in our sample from the NeuroMOD project was 16.16. Considering a 15% loss, it will be necessary to reach a sample of 26 patients in each group.




2.2. Intervention Protocol


The intervention sessions will be held at the patient’s home. If this is not possible, they will be carried out in the research laboratory of the Beata María Ana Hospital or in the Parkinson’s patients association or current attending hospital of the patient.



Depending on the assignment to each of the experimental groups, the patients will undergo neurorehabilitation of cognitive functions or will not receive any therapy.



Due to the characteristics of the study, all participants will know the experimental group to which they belong. The researcher evaluating the preintervention and postintervention balance is blinded to the experimental group.



Control Group: The control group will not receive any therapy. They will be simply evaluated at the same time as the experimental group.



Experimental Group: In the experimental group, patients will receive a 12-session neuropsychological rehabilitation protocol that will be carried out over four weeks (3 weekly sessions). The protocol and the number of sessions has been designed by neuropsychologists following the Díez-Cirarda et al. recommendations [24] (Figure 1 and Figure 2).



Each session will consist of a series of cognitive stimulation tasks aimed at improving attention, perception, and processing speed. These tasks will be applied through the NeuronUp (Neuronup SI, La Rioja, Spain) cognitive neurorehabilitation platform to achieve maximum homogeneity and objectivity in their application. The protocol is preprogrammed in the application and is identical for all patients. Performing tasks through the platform allows one to objectively record the performance of each patient in all tasks to ensure adherence and efficacy. Before the first session, a training session will be carried out under the supervision of a researcher. All doubts that may arise will be resolved.



The NeuronUp (Neuronup SI, La Rioja, Spain) cognitive neurorehabilitation platform has a home activities module. In this case, the tasks and the days of their completion will be assigned, and the patient has to access the platform in a computer connected to internet to perform the intervention. The program has a direct researcher–patient feedback tool, in which the intervention and evolution of the patient can be followed in real time, being able to adjust the contents in the same way as in person. The researcher will be in direct contact with the patient and will remind the patient of the day and time at which he should carry out the session and will check at the end of the session that it has been carried out successfully.



During the intervention, the subjects will be seated in a relaxed position in front of the computer. No adverse effects are expected, in case of occurrence, mild adverse effects due to the use of the computer such as dizziness, mental fatigue, headaches, or other will be evaluated after each session if they persist, they will be notified to a licensed physician who can decide the management of the patient.




2.3. Outcomes Measurement


All detailed measures will be evaluated in the two groups before and after the intervention. To ensure that all patients are in the “ON” state, the evaluation and intervention will take place one hour after taking the dopaminergic medication and UPDRS III [25] will be recorded before the measurements.



The evaluation prior to the intervention will be carried out in a single session on the Thursday or Friday before the start of the intervention and the subsequent one, on Monday or Tuesday after the end of the intervention. Necessary breaks can be taken to avoid patient fatigue (Figure 2).



2.3.1. Main Outcomes


Instrumental Stability Evaluation


Objective metrics using the Biodex Biosway portable balance system [26] (Biodex, Version 1.08, Biodex, Inc., Shirley, NY, USA) that allows one to determine the following determinations:



1. Stability limits test: This test is a good indicator of dynamic stability control with a normalized balance of improvement [27]. The patient shifts its weight over a platform to control the cursor displacement in order to reach targets in a screen. The position of the objectives has been pre-established by the manufacturer at 50% of the stability limits according to the height of each volunteer. The test dependent variables provided by the machine are the time (seconds) it takes for the subject to complete the test and the directional control value, which is the proportion of the distance travelled by the cursor from the center to each target (based on that 100% is a straight line from the center to the intended target). This means that the greater the distance travelled by the subject, the worse their stability.



2. Fall risk test: The test protocol is incorporated in this system and normative data is used to assess the risk of falls for the subjects.




Clinical Stability Evaluation


Berg Balance scale



The Berg balance scale (BBS) is designed to measure changes in functional standing balance over time. This scale measures the balance skills observed during tasks that involve sitting, standing, and changing positions. Total scores are indicative of general balance skills [28].



Timed stand up and go test



The timed “Up and Go” test [29] is a common mobility measure in rehabilitation. This test measures parameters such as turning, sitting, and walking speed. The mean angular velocity during turning and the duration of the turning and sitting phase have been shown as valid measures of balance in PD and are also responsive to rehabilitation [30,31].




Neurocognitive Evaluation


A protocol designed to measure processing speed, sustained and alternating attention, working memory, interference control, visual search, and verbal fluency (Stroop test [32,33,34], Trail Making Test [35,36], WAIS-III Processing Speed-Digit Symbol Coding, Processing Speed-Symbol Search, Digit Span [37], FAS Word Fluency [38], and The Bells Test [39]) will be administered by a neuropsychologist (A.A.-F.) experienced in their application in order to evaluate the efficacy of the rehabilitation protocol.




Computerized Reaction Times Battery


Reaction time tests are a predesigned set of computerized tasks to objectively measure various cognitive domains such as perception and alertness, inhibition, and visual search. The system has been described in and published in Arroyo et al. [40].





2.3.2. Secondary Outcomes


Parkinson’s Disease Questionnaire 39 (PDQ39) [41]: It is a specific questionnaire for evaluating the quality of life of Parkinson’s patients. The quality of life of patients with PD is associated with the subject’s perception of their gait and balance. The improvement in mobility and balance is related to the improvement in the PDQ-39 scores, especially in the set of items that measure mobility (items 1–10) [42].



Neurophysiological Evaluation


The balance is related to an increase in theta power in the frontal, central, and parietal regions. Increased theta power in these zones correlates with better balance performance [43].



A resting state 64 electrodes EEG recording will be performed using the actiCHamp amplifier (Brain Vision LLC., Morrisville, NC, USA) with Ag/AgCl active scalp electrodes (actiCAP electrodes, Brain Vision LLC., Morrisville, NC, USA), acquisition will be carried out using NeuroRT Studio software (Mensia Technologies SA, Paris, France). The EEG signal processing procedure will be performed using MATLAB functions (MathWorks Inc., Natick, MA, USA), specifically the EEGLab toolbox. The spectral entropy correlation, the coherence, and the differences of interhemispheric divergence between the experimental group and the controls will be analyzed as results.






2.4. Data Analyses


The SPSS software package (version 25.00; SPSS Inc., Chicago, IL, USA; IBM, New York, NY, USA) will be used by a blinded statistician for statistical analysis of the data. Demographic and clinical variables will be presented as mean and standard deviation. A 95% confidence interval (CI) will be taken, considering statistically significant all those values that had a p < 0.05. Parametric statistical tests will be used for hypothesis testing (n > 30). To show the differences in the variables, a 2 × 2 analysis of variance (ANOVA) of repeated measures will be carried out, taking time and group as factors, being the control and experimental groups and the pretreatment and posttreatment time measures. If significant differences are found in any of the interactions, a post hoc analysis with Bonferroni correction will be performed. The effect sizes will be calculated using Cohen’s d, classifying them into small (d between 0.20 and 0.49), medium (d between 0.50 and 0.79), or large (d greater than 0.80) following Cohen’s method.



Possible confounders or mediating variables will be included as covariates in the analysis.



For the rest of the variables, a Pearson correlation or linear regression will be carried out with the motor and balance variables. The low correlation will be that with values between 0.2 and 0.39; the correlation will be considered moderate when the value goes from 0.40 to 0.79; and high when the correlation value is greater than 0.80.



For the EEG entropy analysis, nonparametric Kruskal–Wallis (KW) tests will be performed to compare the distributions, the Mann–Whitney U test to evaluate the difference between the median values, and the Wilcoxon rank sum test for measure pre/post intervention changes, with a significance level of 0.05 and the alternative hypothesis of unequal values. Therefore, small p-values will suggest significant differences between populations.




2.5. Dissemination Plans


All results will be published in specialized scientific journals. The final data of these studies will be anonymized and will remain accessible after their publication and may justifiably be requested from the main inventors. The results will be made public through the social networks of our institution.





3. Discussion


The main objective of the study is to improve the balance of Parkinson’s patients through cognitive rehabilitation. Cognitive rehabilitation in PD has been effective in the rehabilitation of attention and executive functions [44], on the other hand, previous studies relate attention and executive functions with the risk of falls, balance, and gait in PD patients, proposing rehabilitation in these areas as a possible effective therapy [8,45].



All the clinical variables assessed will allow one to identify markers that predict a better outcome of the cognitive intervention on balance rehabilitation, this information will be of great relevance to adjust the intervention to specific profiles of patients with PD who will benefit the most.



Although our study counts with the limitation of a lack of blinding of the participants and some researchers, its design is robust enough to provide with evidence that may support new approaches to stability rehabilitation in PD. Current strategies continue to be based on training in compensatory and signaling strategies, high intensity visual rehabilitation, and exercise such as dance, Tai-Chi, and Yoga [46]. Other studies use virtual reality as part of therapy although there is still no evidence on its efficacy [47]. The use of virtual reality implies the transfer of patients to a specialized center and continuous supervision. Our study proposes a home-based protocol that can improve the quality of life of Parkinson’s patients even from their own home avoiding the current pandemic limitations on medical care.




4. Conclusions


Cognitive therapy through neurorehabilitation platforms opens up the possibility of new rehabilitation strategies for the prevention of falls in PD, reducing morbidity, and saving costs for the health system.







Author Contributions


Conceptualization, J.P.R., and A.A.-F.; methodology, J.P.R., A.A.-F., and M.R.-L.; software, M.R.-L., and M.D.d.C.; formal analysis, A.A.-F., and J.P.R.; investigation, A.A.-F., F.J.S.-C., Y.G.-Z., C.S.-B., and J.P.R.; resources, J.P.R.; data curation, A.A.-F., J.P.R., M.R.-L., and M.D.d.C.; writing—original draft preparation, A.A.-F., and J.P.R.; writing—review and editing, A.A.-F., J.P.R., and M.R.-L.; visualization, J.P.R.; supervision, J.P.R.; project administration, J.P.R.; funding acquisition, J.P.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding, neither has an external sponsor.




Institutional Review Board Statement


The study will be conducted in accordance with the Declaration of Helsinki, the protocol was already approved by the Ethics Committee of Hospital 12 de Octubre on 15 December 2020. (Project identification code 20-516). The protocol has been registered at trials.gov NCT04730466.




Informed Consent Statement


Informed consent will be obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study will be available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Opara, J.; Małecki, A.; Małecka, E.; Socha, T. Motor Assessment in Parkinson’s Disease. Ann. Agric. Environ. Med. AAEM 2017, 24, 411–415. [Google Scholar] [CrossRef]

	



Rodríguez-Violante, M.; Zerón-Martínez, R.; Cervantes-Arriaga, A.; Corona, T. Who Can Diagnose Parkinson’s Disease First? Role of Pre-Motor Symptoms. Arch. Med. Res. 2017, 48, 221–227. [Google Scholar] [CrossRef]

	



Shipley, B.A.; Deary, I.J.; Tan, J.; Christie, G.; Starr, J.M. Efficiency of Temporal Order Discrimination as an Indicator of Bradyphrenia in Parkinson’s Disease: The Inspection Time Loop Task. Neuropsychologia 2002, 40, 1488–1493. [Google Scholar] [CrossRef]

	



Johnson, D.K.; Langford, Z.; Garnier-Villarreal, M.; Morris, J.C.; Galvin, J.E. Onset of Mild Cognitive Impairment in Parkinson Disease. Available online: https://pubmed.ncbi.nlm.nih.gov/25850732/?from_term=bradyphrenia+parkinson+progression&from_pos=2 (accessed on 21 May 2020).

	



Canning, C.G.; Sherrington, C.; Lord, S.R.; Close, J.C.T.; Heritier, S.; Heller, G.Z.; Howard, K.; Allen, N.E.; Latt, M.D.; Murray, S.M.; et al. Exercise for Falls Prevention in Parkinson Disease. Neurology 2015, 84, 304–312. [Google Scholar] [CrossRef] [PubMed]

	



Doná, F.; Aquino, C.C.; Gazzola, J.M.; Borges, V.; Silva, S.M.C.A.; Ganança, F.F.; Caovilla, H.H.; Ferraz, H.B. Changes in Postural Control in Patients with Parkinson’s Disease: A Posturographic Study. Physiotherapy 2016, 102, 272–279. [Google Scholar] [CrossRef] [PubMed]

	



Allcock, L.M.; Rowan, E.N.; Steen, I.N.; Wesnes, K.; Kenny, R.A.; Burn, D.J. Impaired Attention Predicts Falling in Parkinson’s Disease. Parkinsonism Relat. Disord. 2009, 15, 110–115. [Google Scholar] [CrossRef] [PubMed]

	



Pal, G.; O’Keefe, J.; Robertson-Dick, E.; Bernard, B.; Anderson, S.; Hall, D. Global Cognitive Function and Processing Speed Are Associated with Gait and Balance Dysfunction in Parkinson’s Disease. J. Neuroeng. Rehabil. 2016, 13, 94. [Google Scholar] [CrossRef] [PubMed]

	



Pantall, A.; Suresparan, P.; Kapa, L.; Morris, R.; Yarnall, A.; Del Din, S.; Rochester, L. Postural Dynamics Are Associated With Cognitive Decline in Parkinson’s Disease. Front. Neurol. 2018, 9, 1044. [Google Scholar] [CrossRef]

	



Nocera, J.R.; Horvat, M.; Ray, C.T. Impaired Step up/over in Persons with Parkinson’s Disease. Adapt. Phys. Act. Q. APAQ 2010, 27, 87–95. [Google Scholar] [CrossRef]

	



Hausdorff, J.M.; Doniger, G.M.; Springer, S.; Yogev, G.; Simon, E.S.; Giladi, N. A Common Cognitive Profile in Elderly Fallers and in Patients with Parkinson’s Disease: The Prominence of Impaired Executive Function and Attention. Exp. Aging Res. 2006, 32, 411–429. [Google Scholar] [CrossRef]

	



Varalta, V.; Picelli, A.; Fonte, C.; Amato, S.; Melotti, C.; Zatezalo, V.; Saltuari, L.; Smania, N. Relationship between Cognitive Performance and Motor Dysfunction in Patients with Parkinson’s Disease: A Pilot Cross-Sectional Study. BioMed Res. Int. 2015, 2015, 365959. [Google Scholar] [CrossRef]

	



Xu, D.; Cole, M.H.; Mengersen, K.; Silburn, P.A.; Qiu, F.; Graepel, C.; Kerr, G.K. Executive Function and Postural Instability in People with Parkinson’s Disease. Park. Dis. 2014, 2014. [Google Scholar] [CrossRef]

	



Heinzel, S.; Maechtel, M.; Hasmann, S.E.; Hobert, M.A.; Heger, T.; Berg, D.; Maetzler, W. Motor Dual-Tasking Deficits Predict Falls in Parkinson’s Disease: A Prospective Study. Parkinsonism Relat. Disord. 2016, 26, 73–77. [Google Scholar] [CrossRef]

	



Kataoka, H.; Ueno, S. Low FAB Score as a Predictor of Future Falling in Patients with Parkinson’s Disease: A 2.5-Year Prospective Study. J. Neurol. 2015, 262, 2049–2055. [Google Scholar] [CrossRef] [PubMed]

	



Mak, M.K.; Wong, A.; Pang, M.Y. Impaired Executive Function Can Predict Recurrent Falls in Parkinson’s Disease. Arch. Phys. Med. Rehabil. 2014, 95, 2390–2395. [Google Scholar] [CrossRef]

	



Edwards, J.D.; Hauser, R.A.; O’Connor, M.L.; Valdés, E.G.; Zesiewicz, T.A.; Uc, E.Y. Randomized Trial of Cognitive Speed of Processing Training in Parkinson Disease. Neurology 2013, 81, 1284–1290. [Google Scholar] [CrossRef] [PubMed]

	



Leung, I.H.K.; Walton, C.C.; Hallock, H.; Lewis, S.J.G.; Valenzuela, M.; Lampit, A. Cognitive Training in Parkinson Disease. Neurology 2015, 85, 1843–1851. [Google Scholar] [CrossRef]

	



París, A.P.; Saleta, H.G.; de la Cruz Crespo Maraver, M.; Silvestre, E.; Freixa, M.G.; Torrellas, C.P.; Pont, S.A.; Nadal, M.F.; Garcia, S.A.; Bartolomé, M.V.P.; et al. Blind Randomized Controlled Study of the Efficacy of Cognitive Training in Parkinson’s Disease: Efficacy of Cognitive Training in PD. Mov. Disord. 2011, 26, 1251–1258. [Google Scholar] [CrossRef] [PubMed]

	



Petrelli, A.; Kaesberg, S.; Barbe, M.T.; Timmermann, L.; Fink, G.R.; Kessler, J.; Kalbe, E. Effects of cognitive training in Parkinson’s disease: A randomized controlled trial. Parkinsonism Relat. Disord. 2014, 20, 1196–1202. [Google Scholar] [CrossRef] [PubMed]

	



Woollacott, M.; Shumway-Cook, A. Attention and the Control of Posture and Gait: A Review of an Emerging Area of Research. Gait Posture 2002, 16, 1–14. [Google Scholar] [CrossRef]

	



Chan, A.W.; Tetzlaff, J.M.; Gøtzsche, P.C.; Altman, D.G.; Mann, H.; Berlin, J.A.; Dickersin, K.; Hróbjartsson, A.; Schulz, K.F.; Parulekar, W.R.; et al. SPIRIT 2013 Explanation and Elaboration: Guidance for Protocols of Clinical Trials. Unkn. J. 2013, 346. [Google Scholar] [CrossRef]

	



Stacy, M.A.; Murphy, J.M.; Greeley, D.R.; Stewart, R.M.; Murck, H.; Meng, X. COMPASS-I Study Investigators The Sensitivity and Specificity of the 9-Item Wearing-off Questionnaire. Parkinsonism Relat. Disord. 2008, 14, 205–212. [Google Scholar] [CrossRef]

	



Díez-Cirarda, M.; Ibarretxe-Bilbao, N.; Peña, J.; Ojeda, N. Neurorehabilitation in Parkinson’s Disease: A Critical Review of Cognitive Rehabilitation Effects on Cognition and Brain. Available online: https://www.hindawi.com/journals/np/2018/2651918/ (accessed on 16 July 2020).

	



Goetz, C.G.; Tilley, B.C.; Shaftman, S.R.; Stebbins, G.T.; Fahn, S.; Martinez-Martin, P.; Poewe, W.; Sampaio, C.; Stern, M.B.; Dodel, R.; et al. Movement Disorder Society-Sponsored Revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS): Scale Presentation and Clinimetric Testing Results. Mov. Disord. 2008, 23, 2129–2170. [Google Scholar] [CrossRef] [PubMed]

	



Biodex|Physical Medicine and Rehabilitation, Nuclear Medicine Supplies and Accessories, Medical Imaging Tables and Accessories. Available online: https://www.biodex.com/ (accessed on 22 July 2020).

	



Clark, S.; Rose, D.J.; Fujimoto, K. Generalizability of the Limits of Stability Test in the Evaluation of Dynamic Balance among Older Adults. Arch. Phys. Med. Rehabil. 1997, 78, 1078–1084. [Google Scholar] [CrossRef]

	



Qutubuddin, A.A.; Pegg, P.O.; Cifu, D.X.; Brown, R.; McNamee, S.; Carne, W. Validating the Berg Balance Scale for Patients with Parkinson’s Disease: A Key to Rehabilitation Evaluation. Arch. Phys. Med. Rehabil. 2005, 86, 789–792. [Google Scholar] [CrossRef] [PubMed]

	



Podsiadlo, D.; Richardson, S. The Timed “Up & Go”: A Test of Basic Functional Mobility for Frail Elderly Persons. J. Am. Geriatr. Soc. 1991, 39, 142–148. [Google Scholar] [CrossRef]

	



Picardi, M.; Redaelli, V.; Antoniotti, P.; Pintavalle, G.; Aristidou, E.; Sterpi, I.; Meloni, M.; Corbo, M.; Caronni, A. Turning and Sit-to-Walk Measures from the Instrumented Timed Up and Go Test Return Valid and Responsive Measures of Dynamic Balance in Parkinson’s Disease. Clin. Biomech. 2020, 80, 105177. [Google Scholar] [CrossRef]

	



Caronni, A.; Sterpi, I.; Antoniotti, P.; Aristidou, E.; Nicolaci, F.; Picardi, M.; Pintavalle, G.; Redaelli, V.; Achille, G.; Sciumè, L.; et al. Criterion Validity of the Instrumented Timed Up and Go Test: A Partial Least Square Regression Study. Gait Posture 2018, 61, 287–293. [Google Scholar] [CrossRef]

	



Golden, C.J. STROOP: Test de Colores y Palabras—Edición Revisada; TEA: Madrid, Spain, 2020; ISBN 978-84-16231-78-2. [Google Scholar]

	



Lubrini, G.; Periañez, J.A.; Rios-Lago, M.; Viejo-Sobera, R.; Ayesa-Arriola, R.; Sanchez-Cubillo, I.; Crespo-Facorro, B.; Álvarez-Linera, J.; Adrover-Roig, D.; Rodriguez-Sanchez, J.M. Clinical Spanish Norms of the Stroop Test for Traumatic Brain Injury and Schizophrenia. Span. J. Psychol. 2014, 17, E96. [Google Scholar] [CrossRef] [PubMed]

	



Stroop, J.R. Studies of Interference in Serial Verbal Reactions. J. Exp. Psychol. 1935, 18, 643–662. [Google Scholar] [CrossRef]

	



Periáñez, J.A.; Ríos-Lago, M.; Rodríguez-Sánchez, J.M.; Adrover-Roig, D.; Sánchez-Cubillo, I.; Crespo-Facorro, B.; Quemada, J.I.; Barceló, F. Trail Making Test in Traumatic Brain Injury, Schizophrenia, and Normal Ageing: Sample Comparisons and Normative Data. Arch. Clin. Neuropsychol. 2007, 22, 433–447. [Google Scholar] [CrossRef] [PubMed]

	



Validity of the Trail Making Test as an Indicator of Organic Brain Damage—Ralph M. Reitan, 1958. Available online: https://journals.sagepub.com/doi/abs/10.2466/pms.1958.8.3.271?journalCode=pmsb (accessed on 22 July 2020).

	



Ryan, J.J.; Lopez, S.J. Wechsler Adult Intelligence Scale-III. In Understanding Psychological Assessment; Dorfman, W.I., Hersen, M., Eds.; Perspectives on Individual Differences; Springer US: Boston, MA, USA, 2001; pp. 19–42. ISBN 978-1-4615-1185-4. [Google Scholar]

	



Strauss, E.; Sherman, E.M.S.; Spreen, O.; Spreen, O. A Compendium of Neuropsychological Tests: Administration, Norms, and Commentary, 3rd ed.; Oxford University Press: New York, NY, USA, 2006; ISBN 978-0-19-515957-8. [Google Scholar]

	



Gauthier, L.; Dehaut, F.; Joanette, Y. The Bells Test: A Quantitative and Qualitative Test for Visual Neglect. Int. J. Clin. Neuropsychol. 1989, 11, 49–54. [Google Scholar]

	



Arroyo, A.; Periáñez, J.A.; Ríos-Lago, M.; Lubrini, G.; Andreo, J.; Benito-León, J.; Louis, E.D.; Romero, J.P. Components Determining the Slowness of Information Processing in Parkinson’s Disease. Brain Behav. 2021, e02031. [Google Scholar] [CrossRef]

	



Peto, V.; Jenkinson, C.; Fitzpatrick, R. PDQ-39: A Review of the Development, Validation and Application of a Parkinson’s Disease Quality of Life Questionnaire and Its Associated Measures. J. Neurol. 1998, 245, S10–S14. [Google Scholar] [CrossRef] [PubMed]

	



Bowman, T.; Gervasoni, E.; Parelli, R.; Jonsdottir, J.; Ferrarin, M.; Cattaneo, D.; Carpinella, I. Predictors of Mobility Domain of Health-Related Quality of Life after Rehabilitation in Parkinson’s Disease: A Pilot Study. Arch. Physiother. 2018, 8, 10. [Google Scholar] [CrossRef]

	



Hülsdünker, T.; Mierau, A.; Neeb, C.; Kleinöder, H.; Strüder, H.K. Cortical Processes Associated with Continuous Balance Control as Revealed by EEG Spectral Power. Neurosci. Lett. 2015, 592, 1–5. [Google Scholar] [CrossRef]

	



Biundo, R.; Weis, L.; Fiorenzato, E.; Antonini, A. Cognitive Rehabilitation in Parkinson’s Disease: Is It Feasible? Arch. Clin. Neuropsychol. 2017, 32, 840–860. [Google Scholar] [CrossRef]

	



Stegemöller, E.L.; Wilson, J.P.; Hazamy, A.; Shelley, M.C.; Okun, M.S.; Altmann, L.J.P.; Hass, C.J. Associations Between Cognitive and Gait Performance During Single- and Dual-Task Walking in People With Parkinson Disease. Phys. Ther. 2014, 94, 757–766. [Google Scholar] [CrossRef]

	



Garg, D.; Dhamija, R. Rehabilitation in Parkinson’s Disease: Current Status and Future Directions. Ann. Mov. Disord. 2020, 3, 79. [Google Scholar] [CrossRef]

	



Canning, C.G.; Allen, N.E.; Nackaerts, E.; Paul, S.S.; Nieuwboer, A.; Gilat, M. Virtual Reality in Research and Rehabilitation of Gait and Balance in Parkinson Disease. Nat. Rev. Neurol. 2020, 16, 409–425. [Google Scholar] [CrossRef]








[image: Medicina 57 00314 g001 550] 





Figure 1. Standard Protocol Items: Recommended Items for Interventional Trials (SPIRIT) study flow chart. 
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Figure 2. Schematic representation of the study experimental procedures. 
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Table 1. Inclusion and exclusion criteria.
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	Inclusion Criteria
	Exclusion Criteria





	Idiopathic Parkinson’s disease (diagnosed according to the UK Parkinson’s Disease Society Brain Bank criteria).

Older than 18.

Stage < III Hoehn–Yahr with no obvious motor fluctuations.
	Visual-perceptual difficulties.

Peripheral sensory disturbances due to polyneuropathy.

Cerebellar alterations.

Impossibility to operate a computer due to motor impairment

Severe cognitive impairment (MoCA < 24).

Moderate or severe active depression (BDI > 14).

Dependence (mRS > 3).

Dopaminergic medication changes in the last 30 days.

Structural changes MRI Severe comorbidity (cancer, severe COPD, etc.).

Atypical data for idiopathic PD.
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