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Abstract

:

Robot-assisted activity (RAA) using a communication robot (RAA-CR) has been proposed as a tool for alleviating behavioral and psychological symptoms accompanying dementia (BPSD) in patients with cognitive decline. This study aimed to clarify the effects of differences in cognitive function among older adults on changes in active brain areas induced by RAA-CR. Twenty-nine older adults were divided into a cognitive decline group (n = 11) and a control group (n = 18). The participants individually received a 5-minute RAA session, and their resting EEG activity was measured before and after the session. Brain spatial analysis was performed on recorded EEG data using standardized low-resolution brain electromagnetic tomography. In addition, statistical comparisons of neural activity in the brain were made before and after RAA-CR and between the cognitively impaired and control groups. These results suggest that RAA-CR stimulates neural activity in the region centered on the posterior cingulate gyrus and precuneus in cognitively healthy older adults but does not significantly alter brain neural activity in cognitively impaired older adults. Therefore, modifications to the implementation methods may be necessary to effectively implement RAA-CR in cognitively impaired individuals.
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1. Introduction


The global surge in cognitive impairment among older adults is attributed to rapidly aging demographics [1]. The range of behavioral and psychological symptoms accompanying dementia (BPSD) [2], which includes agitation, deviant motor actions, anxiety, elation, irritability, depression, apathy, disinhibition, delusions, hallucinations, and changes in sleep and appetite, presents formidable obstacles to caregiving. It is exceedingly challenging for individuals afflicted with BPSD to maintain a home-based lifestyle because of these manifestations [3]. Moreover, a strong correlation has been reported between BPSD and heightened caregiver stress [4]. Hence, implementation of intervention strategies to control the symptoms of BPSD is critical, as it not only empowers older adults to cope with such symptoms to sustain home living but also alleviates the strain on caregivers.



Two distinct forms of treatment exist for BPSD: pharmacological interventions [5] and non-pharmacological approaches [6]. Although both categories have demonstrated efficacy in mitigating problematic behaviors, non-pharmacological therapies have emerged as the preferred modality for managing BPSD owing to the reduced incidence of associated adverse effects.



In recent years, a multitude of nonpharmacological therapeutic techniques have been developed and implemented, including robot-assisted activity (RAA). RAA is a non-pharmacological therapy that enhances the well-being of older individuals through human-robotic interactions developed by Shibata as an alternative to animal-assisted therapy [7,8]. Previous studies involving older adults with dementia have reported beneficial effects of RAA interventions, including reduced agitation [9,10], improved mood state [10], and apathy [11]. RAA is not associated with the risks of animal allergies, infections, bites, and wounds that are seen in animal-assisted therapies. RAA involves different types of robots (pet type, recreational type, communication type, et al.) and has gained interest as a potential tool for alleviating BPSD symptoms caused by social isolation and the desire for social contact [12,13]. Therefore, communication robots used in RAA [14,15,16,17,18] are of interest as tools for providing social interaction and alleviating BPSD.



RAA’s suppressive impacts on BPSD are primarily quantified using neuropsychological metrics [9,10,11]. However, this approach falls short as it neglects neurophysiological contributions, which are crucial given that the onset of cognitive impairment is a consequence of both functional alterations and organic transformations in the brain. However, the neurophysiological implications of RAA interventions in BPSD remain undetermined [19,20], which is a major challenge in examining the effectiveness of RAA. We previously investigated the neurophysiological effects of the RAA using a communication robot (RAA-CR) in older adults [21,22]. However, we were only able to examine the effects of RAA-CR on neural activity in brain regions referenced by the subject’s specific electrodes, and we were unable to determine the changes that occurred in all brain regions using whole-head analysis. In addition, the results of studies using focal EEG and salivary cortisol [22] suggest that the effects of RAA-CR in older adults differ depending on the presence or absence of cognitive decline.



In this study, we examined the effects of RAA-CR on brain activity in older adults with and without cognitive decline using standardized low-resolution brain electromagnetic tomography (sLORETA) analysis [23], a three-dimensional imaging filter that estimates the spatial distribution of EEG sources. This study aimed to clarify the effects of RAA-CR on active brain areas in older adults with varying cognitive functions using sLORETA analysis. Understanding these effects may improve the neurophysiological effectiveness of performing RAA-CR.




2. Materials and Methods


2.1. Participants


Measurements were performed at two day-service centers in Japan, and the staff at these centers recruited participants from among the visitors to the day-service centers. We initially included 43 community-dwelling older adults ≥ 65 years of age who visited the two day-service centers on the days that measurements were performed for this study (a total of 9 days) and who required nursing care because of a decline in physical and mental functions (possibility of mild cognitive decline) due to aging or other reasons. We excluded visitors (1) with known orthopedic or nervous system diseases, including motor deficits and sensory disorders; (2) with severe cognitive decline because of which they could not undergo a cognitive function test; and (3) who were considered unsuitable because of factors such as their personality by the staff of the day-service centers who knew the visitors well. Finally, 29 older adults [12 males, 17 females; mean age: 79.6 ± 7.0 years; mean body mass index (BMI): 23.44 ± 3.23 kg/m2] were included in the study. None of the participants had previously performed RAA-CR. Written informed consent was obtained from all participants prior to their participation in accordance with the Declaration of Helsinki. The participants’ general cognitive function was measured prior to the intervention using the Mini-Mental State Examination (MMSE) [24]. Based on their MMSE scores, the participants were divided into the cognitive decline group (MMSE score < 24) and the control group (MMSE score ≥ 24), following a cut-off threshold widely used to detect cognitive decline [25]. This study was approved by the Ethics Review Board of Kyoto Tachibana University (18–56).




2.2. Study Intervention


Each participant individually received a 5-minute RAA session while sitting on a chair with a backrest, in line with the protocol defined in a previous study [22]. The RAA was performed using Chapit, a communication robot that has the appearance of a stuffed toy and is equipped with a speech-recognition system (RayTron Inc., Osaka, Japan). When a communication robot is used in a clinical setting such as a day-service center, it is expected to be used in a recreational setting where many people are conversing at the same time. When it is used in such an environment, it must be able to distinguish the user’s voice from the surrounding noises (e.g., other people’s voices) and accurately identify the content of the conversation. Chapit’s high speech recognition capability in noisy environments makes it highly adaptable to clinical settings such as daycare services [26]. Chapit recognizes a predetermined phrase and responds using voice reproduction software that mimics a 5-year-old boy. Additionally, Chapits can perform recreational activities such as prefecture quizzes (regional or culturally based quizzes in Japan), arithmetic games, memory games, and singing.



Participants were given Chapit and a paper containing a list of phrases (e.g., “good morning”, “What time is it?” “Please say something interesting”, etc.). The researcher then presented a brief introductory script.




“This is Chapit. Chapit is a communication robot. Chapit will respond when you talk with Chapit. Let us talk with Chapit using words from the phrase list.”






2.3. Outcome Measures


EEG measurements are indicators of emotional changes in subjects with high temporal resolution [27]. Resting-state EEG activity was measured for 120 s in the eyes-open condition both before and after the RAA session, while the participants were seated in a chair with a backrest. EEG was performed using the electroencephalograph Discovery 24E (BrainMaster Technologies Inc., Bedford, MA, USA) and an active dry electrode system (Miyuki Giken Co., Ltd., Tokyo, Japan). EEG was recorded using 16 channels (Fp1, Fp2, F3, F4, C3, C4, P3, and P4; O1, O2, T7, T8, Fpz, Fz, Cz, and Pz), based on the international 10–20 system, at a sampling rate of 256 Hz. Reference electrodes were attached to both earlobes, and impedances were kept below 5 kΩ.




2.4. Statistical Analyses


The recorded EEG data were processed using the commercial software Brain Vision Analyzer (version 2.0; Brain Products, Munich, Germany). First, the bandpass filter was set to 1–40 Hz and segmented into 2-s epochs. Prior to data analysis, artifact detection was performed visually to exclude eye movements, head movements, muscle movements, and segments of decreased alertness. Next, for imaging analysis, 60 epochs were extracted from the data obtained under each condition, and a frequency analysis was performed. The data within the beta-wave frequency range (21.5 to 30 Hz) were calculated and used for intracerebral spatial analyses using the sLORETA analysis [23], a method that allows a three-dimensional image display of intracerebral neural activity. The values of each voxel in the brain areas displaying neural activity under each condition were calculated as the neural activity (current source density; μA/mm2*10−3) and identified in terms of Brodmann’s area and Montreal Neurological Institute coordinates [28]. By averaging data using the sLORETA Averager software, neural activity was calculated as the global field power value [23] in the two groups under resting-state EEG both before and after RAA. In addition, intracerebral neural activities were compared within the cognitive decline and control groups and between the cognitive decline and control groups at each time point (before and after RAA) using the statistics in sLORETA statistical non-parametric maps [29]. In this analysis, neural areas showing significant differences in activity (with a statistical significance level of 5%) were colored, calculated, and drawn. The significance threshold was based on a permutation test with 5000 permutations using log-transformed LORETA values with subject-wise normalization (based on the assumption that differences in intracerebral neural activity produced by the RAA between the cognitive decline and control groups may exist).





3. Results


All participants attended the RAA sessions and completed each 5-minute session. Before RAA, there were no significant differences between the two groups in terms of participant sex percentage, age, and BMI (all p-values > 0.05; Table 1), except for the MMSE scores (p < 0.01).



Comparing the cognitive decline group with the control group at each time point (before and after RAA), the beta-band activity in the posterior cingulate gyrus was significantly higher in the control group than in the cognitive decline group after RAA (Figure 1, p < 0.05). However, there was no significant group difference in beta band activity before RAA (Table 2).



A comparison of the beta-band activity before and after RAA in each group revealed that the beta-band activity was significantly higher in the region centered on the posterior cingulate gyrus (cingulate gyrus, precuneus, paracentral lobule, medial frontal gyrus, posterior cingulate, precentral gyrus, and postcentral gyrus) after RAA in the control group (Figure 2, p < 0.05), but there was no significant difference in the cognitive decline group (Table 3).




4. Discussion


In this study, we aimed to analyze the effects of RAA-CR on active brain areas in older adults with varying cognitive functions and examine the measures that may be taken to enhance the neurophysiological effects of RAA-CR. Therefore, we investigated the effects of RAA-CR on the brain neural activity of older adults using a three-dimensional imaging filter to estimate the spatial distribution of EEG sources according to whether the subjects were cognitively impaired. The results showed no significant difference between the cognitively impaired and control groups at rest before RAA; however, beta-band activity in the posterior cingulate gyrus was significantly higher in the control group than in the cognitively impaired group at rest after RAA (p < 0.05). In addition, a comparison of cranial nerve activity before and after RAA by group showed that the beta-band activity was significantly higher in the region centered on the posterior cingulate gyrus and precuneus after RAA in the control group (p < 0.05); however, there was no significant difference in the cognitively impaired group. These results suggest that the effects of RAA on cranial nerve activity in older adults differ owing to differences in the cognitive function levels of the subjects.



There were no significant differences in the resting beta-band cranial nerve activity before the RAA between the cognitively impaired and control groups. It has been reported that the peak frequency and median frequency of the resting EEG of patients with dementia drift toward lower frequencies (e.g., α, θ, and γ) compared to non-demented individuals [30,31,32], but there is no significant difference in beta-band frequency [33,34]; our findings are consistent with the results of these studies.



A comparison of beta-band cranial nerve activity between the cognitively impaired and control groups at rest after RAA showed significantly higher activity in the posterior cingulate gyrus in the control group. The posterior cingulate gyrus has been reported to be a part of the nervous system responsible for self-reflective thinking [35] and is involved in the ability to represent descriptions as mental events during reading [36]. Thus, it is likely that the subjects in the target group reflected on their own experiences through conversation with the robot and recalled mental events through the process of searching for phrases for conversation from the conversation list. It is assumed that the beta-band activity in this part of the brain increased as the neural basis of this process. In contrast, the posterior cingulate gyrus has been reported to cause decreased activity in the early stages of Alzheimer’s disease [37]. Therefore, it is assumed that the cognitive decline group had difficulty activating the neural activity in this region associated with the RAA.



In addition, the brain neural activity in the beta band at rest was compared before and after RAA for each group. In the control group, neural activity in the paracentral lobule, medial frontal gyrus, and pre- and postcentral gyri, which are not directly related to cognitive and emotional processing centers, was significantly higher after RAA than before RAA, in addition to that in the posterior cingulate gyrus and precuneus. The posterior cingulate is linked to internally directed cognition and plays a crucial role in the default mode network, which is active when individuals are engaged in introspection or recalling personal memories [38]. Conversation with the robot may have stimulated personal memory recall or introspective thought, leading to increased activity. The precuneus is associated with self-consciousness, reflective self-awareness, episodic memory, and visuospatial processing [39]. Engagement with the robot could have sparked self-referential thoughts or reflections, leading to increased precuneus activity. Although the paracentral lobule is typically associated with sensorimotor processing, it is also involved in the mental representation of actions, even in the absence of physical movements [40]. Conversing with the robot may have involved mental simulation of actions or responses, which may explain the observed increase in the activity of the paracentral lobule. The medial frontal gyrus is known for its role in social cognition, decision-making, and memory recall [41]. This region might have been engaged because interacting with the robot involved social and cognitive dimensions. The pre- and postcentral gyri are typically associated with actual motor output and sensory input; they can also be engaged through imagination, mental simulation, anticipation, and mirroring of actions [42]. For instance, when older adults speak or intend to speak, they are likely to plan and execute speech articulations, which involve the motor cortex. In addition, when conversing, they may visualize or anticipate actions that are part of the conversation context, even if they are not performing a physical action. For these reasons, there may have been increased beta-band activity in these brain regions in the control group.



These results suggest that RAA-CR activates neural activity in the brain regions associated with reflection, self-consciousness, mental representations of behavior, social cognition, imagination, and prediction in the control group. Individuals with BPSD are thought to have a decreased ability to reflect on themselves, predict the impact of their words and actions on their surroundings, and perceive and choose socially desired words and actions [43]. Therefore, we speculate that the potential of these areas for activation may be a factor that alleviates signs of BPSD.



In contrast to the results of the control group, the cognitively impaired group showed no significant differences in any domain before or after RAA implementation. One possible explanation for this result is the reduced cognitive resources related to conversation, such as memory, comprehension, reasoning ability, and attention function. Cognitively impaired older adults may have reduced cognitive resources and the ability to effectively interact with robots [44]. This may result in reduced engagement in conversation [45] and smaller changes in brain activity. Another possible explanation for this result is the decline in social cognition in the cognitively impaired group. Some cognitive impairments can lead to impaired social cognition [46,47]. In other words, one’s ability to interpret social cues, empathize, and communicate may also be affected. This may result in reduced engagement in interactions with the robot and fewer observable changes in brain activity. Altered brain connectivity may have influenced this result. Cognitive impairment, particularly in conditions such as Alzheimer’s disease, often involves changes in brain connectivity and function [48,49], which may affect the typical patterns of neural responses to cognitive and social stimuli. These events may have contributed to the lack of changes in cranial nerve activity in the cognitively impaired group compared to the control group.



These results suggest that the cognitively impaired group could not understand the conversation with the robot during RAA and could not actively participate in the RAA. Therefore, the following modifications may be necessary to implement the RAA effectively using a communication robot for subjects with cognitive impairment:




	
Changing the content of the conversation to be more comprehensible for subjects with cognitive impairment.



	
Create a conversation program for the communication robot around content that the cognitively impaired subjects remember well (past enjoyable events, daily routines, etc.).



	
Physical contact with the robot (e.g., stroking, hugging) should be possible to provide more stimulation to the subject.



	
Increasing the duration or frequency of interventions may improve or increase the effectiveness of RAA-CR.








This study had several limitations. First, the sample size was relatively small and requires careful interpretation. Therefore, future studies with larger sample sizes are warranted. Second, because this study was conducted with older adults who visited day service centers, the results may be relevant only to this population. Further studies in other populations are needed to generalize these findings. Finally, a single 5-min RAA-CR session may not have provided sufficient stimulation to induce changes in neural activity in the cognitively impaired older adults. In the future, longer or more frequent interventions should be conducted to determine the appropriate amount of intervention that may be sufficient to induce cortical neural activity in cognitively impaired older adults.




5. Conclusions


In this study, we investigated the effects of RAA using a communication robot on the neural activity of the brain in cognitively healthy and cognitively impaired older adults using sLORETA, a three-dimensional imaging filter that estimates the spatial distribution of EEG sources. The results suggest that RAA using a communication robot stimulates neural activity in the region centered on the posterior cingulate gyrus in cognitively healthy older adults but does not significantly alter brain neural activity in cognitively impaired older adults. Based on the above, to effectively implement RAA using a communication robot for older adults with cognitive decline, it was considered necessary to modify the conversation program of the robot and the implementation format of the RAA so that the participants can understand and actively participate in the conversation content.







Author Contributions


Conceptualization, A.G. and T.S.; methodology, S.M. and T.K.; formal analysis, A.G.; investigation, A.G.; resources, H.N. and H.O.; data curation, T.K. and H.N.; writing—original draft preparation, A.G.; writing—review and editing, S.M., T.K., H.N. and H.O.; supervision, T.S.; funding acquisition, A.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by JSPS KAKENHI, grant number JP 20K19260.




Institutional Review Board Statement


This study was approved by the Ethics Review Board of Kyoto Tachibana University (18–56).




Informed Consent Statement


Written informed consent was obtained from all participants prior to their participation in accordance with the Declaration of Helsinki.




Data Availability Statement


The datasets analyzed during this study are available from the corresponding author upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



GBD 2019 Dementia Forecasting Collaborators. Estimation of the global prevalence of dementia in 2019 and forecasted prevalence in 2050: An analysis for the Global Burden of Disease Study 2019. Lancet Public Health 2022, 7, e105–e125. [Google Scholar] [CrossRef]

	



Cerejeira, J.; Lagarto, L.; Mukaetova-Ladinska, E.B. Behavioral and psychological symptoms of dementia. Front. Neurol. 2012, 3, 73. [Google Scholar] [CrossRef] [PubMed]

	



Okura, T.; Plassman, B.L.; Steffens, D.C.; Llewellyn, D.J.; Potter, G.G.; Langa, K.M. Neuropsychiatric symptoms and the risk of institutionalization and death: The aging, demographics, and memory study. J. Am. Geriatr. Soc. 2011, 59, 473–481. [Google Scholar] [CrossRef] [PubMed]

	



Hiyoshi-Taniguchi, K.; Becker, C.B.; Kinoshita, A. What behavioral and psychological symptoms of dementia affect caregiver burnout? Clin. Gerontol. 2018, 41, 249–254. [Google Scholar] [CrossRef] [PubMed]

	



Dyer, S.M.; Harrison, S.L.; Laver, K.; Whitehead, C.; Crotty, M. An overview of systematic reviews of pharmacological and non-pharmacological interventions for the treatment of behavioral and psychological symptoms of dementia. Int. Psychogeriatr. 2018, 30, 295–309. [Google Scholar] [CrossRef]

	



de Oliveira, A.M.; Radanovic, M.; de Mello, P.C.H.; Buchain, P.C.; Vizzotto, A.D.B.; Celestino, D.L.; Stella, F.; Piersol, C.V.; Forlenza, O.V. Nonpharmacological interventions to reduce behavioral and psychological symptoms of dementia: A systematic review. BioMed Res. Int. 2015, 2015, 218980. [Google Scholar] [CrossRef] [PubMed]

	



Shibata, T.; Inoue, K.; Irie, R. Emotional robot for intelligent system-artificial emotional creature project. In Proceedings of the 5th IEEE International Workshop on Robot and Human Communication, RO-MAN’96, Tsukuba, Japan, 11–14 November 1996; pp. 466–471. [Google Scholar] [CrossRef]

	



Shibata, T.; Wada, K. Robot therapy: A new approach for mental healthcare of the elderly—A mini-review. Gerontology 2011, 57, 378–386. [Google Scholar] [CrossRef]

	



Jones, C.; Moyle, W.; Murfield, J.; Draper, B.; Shum, D.; Beattie, E.; Thalib, L. Does cognitive impairment and agitation in dementia influence intervention effectiveness? Findings from a cluster-randomized-controlled trial with the therapeutic robot, PARO. J. Am. Med. Dir. Assoc. 2018, 19, 623–626. [Google Scholar] [CrossRef]

	



Moyle, W.; Jones, C.J.; Murfield, J.E.; Thalib, L.; Beattie, E.R.A.; Shum, D.K.H.; O’Dwyer, S.T.; Mervin, M.C.; Draper, B.M. Use of a robotic seal as a therapeutic tool to improve dementia symptoms: A cluster-randomized controlled trial. J. Am. Med. Dir. Assoc. 2017, 18, 766–773. [Google Scholar] [CrossRef]

	



Valentí Soler, M.; Agüera-Ortiz, L.; Olazarán Rodríguez, J.; Mendoza Rebolledo, C.; Pérez Muñoz, A.; Rodríguez Pérez, I.; Osa Ruiz, E.; Barrios Sánchez, A.; Herrero Cano, V.; Carrasco Chillón, L.; et al. Social robots in advanced dementia. Front. Aging Neurosci. 2015, 7, 133. [Google Scholar] [CrossRef]

	



Cohen-Mansfield, J.; Mintzer, J.E. Time for change: The role of nonpharmacological interventions in treating behavior problems in nursing home residents with dementia. Alzheimer Dis. Assoc. Disord. 2005, 19, 37–40. [Google Scholar] [CrossRef]

	



Cohen-Mansfield, J.; Werner, P. Management of verbally disruptive behaviors in nursing home residents. J. Gerontol. A Biol. Sci. Med. Sci. 1997, 52, M369–M377. [Google Scholar] [CrossRef] [PubMed]

	



Chen, K.; Lou, V.W.; Tan, K.C.; Wai, M.Y.; Chan, L.L. Effects of a humanoid companion robot on dementia symptoms and caregiver distress for residents in long-term care. J. Am. Med. Dir. Assoc. 2020, 21, 1724–1728.e3. [Google Scholar] [CrossRef]

	



Ke, C.; Lou, V.W.; Tan, K.C.; Wai, M.Y.; Chan, L.L. Changes in technology acceptance among older people with dementia: The role of social robot engagement. Int. J. Med. Inform. 2020, 141, 104241. [Google Scholar] [CrossRef]

	



Obayashi, K.; Kodate, N.; Masuyama, S. Enhancing older people’s activity and participation with socially assistive robots: A multicentre quasi-experimental study using the ICF framework. Adv. Robot. 2018, 32, 1207–1216. [Google Scholar] [CrossRef]

	



Obayashi, K.; Kodate, N.; Masuyama, S. Measuring the impact of age, gender and dementia on communication-robot interventions in residential care homes. Geriatr. Gerontol. Int. 2020, 20, 373–378. [Google Scholar] [CrossRef]

	



Riches, S.; Azevedo, L.; Vora, A.; Kaleva, I.; Taylor, L.; Guan, P.; Jeyarajaguru, P.; McIntosh, H.; Petrou, C.; Pisani, S.; et al. Therapeutic engagement in robot-assisted psychological interventions: A systematic review. Clin. Psychol. Psychother. 2022, 29, 857–873. [Google Scholar] [CrossRef] [PubMed]

	



Kim, G.H.; Jeon, S.; Im, K.; Kwon, H.; Lee, B.H.; Kim, G.Y.; Jeong, H.; Han, N.E.; Seo, S.W.; Cho, H.; et al. Structural brain changes after traditional and robot-assisted multi-domain cognitive training in community-dwelling healthy elderly. PLoS ONE 2015, 10, e0123251. [Google Scholar] [CrossRef]

	



Petersen, S.; Houston, S.; Qin, H.; Tague, C.; Studley, J. The utilization of robotic pets in dementia care. J. Alzheimer’s Dis. 2017, 55, 569–574. [Google Scholar] [CrossRef] [PubMed]

	



Goda, A.; Shimura, T.; Murata, S.; Kodama, T.; Nakano, H.; Ohsugi, H. Effects of robot-assisted activity using a communication robot in elderly individuals. Jpn. J. Health Promot. Phys. Ther. 2020, 10, 131–136. [Google Scholar] [CrossRef]

	



Goda, A.; Shimura, T.; Murata, T.; Kodama, T.; Nakano, H.; Ohsugi, H. Psychological and neurophysiological effects of robot assisted activity in elderly people with cognitive decline. Gerontol. Geriatr. Med. 2020, 6, 2333721420969601. [Google Scholar] [CrossRef]

	



Pascual-Marqui, R.D. Standardized low-resolution brain electromagnetic tomography (sLORETA): Technical details. Methods Find. Exp. Clin. Pharmacol. 2002, 24 (Suppl. D), 5–12. [Google Scholar]

	



Folstein, M.F.; Folstein, S.E.; McHugh, P.R. ‘Mini-mental state’. A practical method for grading the cognitive state of patients for the clinician. J. Psychiatr. Res. 1975, 12, 189–198. [Google Scholar] [CrossRef] [PubMed]

	



Sugishita, M.; Hemmi, I.; Takeuchi, T. Reexamination of the validity and reliability of the Japanese version of the Mini-Mental State ExaminationM (MSE-J). Jpn. J. Cogn. Neurosci. 2016, 18, 168–183. [Google Scholar]

	



Miyanaga, Y.; Takahashi, W.; Yoshizawa, S.A. Robust Speech Communication into Smart Info-Media System. IEICE Trans. Fundam. Electron. Commun. Comput. Sci. 2013, E96, 2074–2080. [Google Scholar] [CrossRef]

	



Al-Qazzaz, N.K.; Sabir, M.K.; Ali, S.H.B.M.; Ahmad, S.A.; Grammer, K. Electroencephalogram Profiles for Emotion Identification over the Brain Regions Using Spectral, Entropy and Temporal Biomarkers. Sensors 2019, 20, 59. [Google Scholar] [CrossRef]

	



Collins, D.L.; Holmes, C.J.; Peters, T.M.; Evans, A.C. Automatic 3-D model-based neuroanatomical segmentation. Hum. Brain Mapp. 1995, 3, 190–208. [Google Scholar] [CrossRef]

	



Pascual-Marqui, R. Instantaneous and lagged measurements of linear and nonlinear dependence between groups of multivariate time series: Frequency decomposition. arXiv 2007, arXiv:0711.1455. [Google Scholar]

	



Dauwels, J.; Vialatte, F.; Cichocki, A. Diagnosis of Alzheimer’s disease from EEG signals: Where are we standing? Curr. Alzheimer Res. 2010, 7, 487–505. [Google Scholar] [CrossRef]

	



Raicher, I.; Takahashi, D.Y.; Kanda, P.A.M.; Nitrini, R.; Anghinah, R. qEEG spectral peak in Alzheimer’s disease: A possible tool for treatment follow-up. Dement. Neuropsychol. 2008, 2, 9–12. [Google Scholar] [CrossRef]

	



Schmidt, M.T.; Kanda, P.A.; Basile, L.F.; da Silva Lopes, H.F.; Baratho, R.; Demario, J.L.; Jorge, M.S.; Nardi, A.E.; Machado, S.; Ianof, J.N.; et al. Index of alpha/theta ratio of the electroencephalogram: A new marker for Alzheimer’s disease. Front. Aging Neurosci. 2013, 5, 60. [Google Scholar] [CrossRef] [PubMed]

	



Babiloni, C.; Triggiani, A.I.; Lizio, R.; Cordone, S.; Tattoli, G.; Bevilacqua, V.; Soricelli, A.; Ferri, R.; Nobili, F.; Gesualdo, L.; et al. Classification of single normal and Alzheimer’s disease individuals from cortical sources of resting state EEG rhythms. Front. Neurosci. 2016, 10, 47. [Google Scholar] [CrossRef] [PubMed]

	



Mitsukura, Y.; Sumali, B.; Watanabe, H.; Ikaga, T.; Nishimura, T. Frontotemporal EEG as potential biomarker for early MCI: A case-control study. BMC Psychiatry 2022, 22, 289. [Google Scholar] [CrossRef] [PubMed]

	



Johnson, S.C.; Baxter, L.C.; Wilder, L.S.; Pipe, J.G.; Heiserman, J.E.; Prigatano, G.P. Neural correlates of self-reflection. Brain 2002, 125, 1808–1814. [Google Scholar] [CrossRef] [PubMed]

	



Newman, S.D.; Malaia, E.; Seo, R.; Cheng, H. The effect of individual differences in working memory capacity on sentence comprehension: An FMRI study. Brain Topogr. 2013, 26, 458–467. [Google Scholar] [CrossRef]

	



Villain, N.; Desgranges, B.; Viader, F.; de la Sayette, V.; Mézenge, F.; Landeau, B.; Baron, J.C.; Eustache, F.; Chételat, G. Relationships between hippocampal atrophy, white matter disruption, and gray matter hypometabolism in Alzheimer’s disease. J. Neurosci. 2008, 28, 6174–6181. [Google Scholar] [CrossRef]

	



Leech, R.; Sharp, D.J. The role of the posterior cingulate cortex in cognition and disease. Brain 2014, 137, 12–32. [Google Scholar] [CrossRef]

	



Cavanna, A.E.; Trimble, M.R. The precuneus: A review of its functional anatomy and behavioural correlates. Brain 2006, 129, 564–583. [Google Scholar] [CrossRef]

	



Wolpert, D.M.; Goodbody, S.J.; Husain, M. Maintaining internal representations: The role of the human superior parietal lobe. Nat. Neurosci. 1998, 1, 529–533. [Google Scholar] [CrossRef]

	



Amodio, D.M.; Frith, C.D. Meeting of minds: The medial frontal cortex and social cognition. Nat. Rev. Neurosci. 2006, 7, 268–277. [Google Scholar] [CrossRef]

	



Jeannerod, M. Neural simulation of action: A unifying mechanism for motor cognition. Neuroimage 2001, 14, S103–S109. [Google Scholar] [CrossRef]

	



Scales, K.; Zimmerman, S.; Miller, S.J. Evidence-Based Nonpharmacological Practices to Address Behavioral and Psychological Symptoms of Dementia. Gerontologist 2018, 58, S88–S102. [Google Scholar] [CrossRef]

	



Kempler, D.; Goral, M. Language and dementia: Neuropsychological aspects. Annu. Rev. Appl. Linguist. 2008, 28, 73–90. [Google Scholar] [CrossRef] [PubMed]

	



Small, J.A.; Geldart, K.; Gutman, G. Communication between individuals with dementia and their caregivers during activities of daily living. Am. J. Alzheimer’s Dis. Other Demen. 2000, 15, 291–302. [Google Scholar] [CrossRef]

	



Bora, E.; Walterfang, M.; Velakoulis, D. Theory of mind in behavioural-variant frontotemporal dementia and Alzheimer’s disease: A meta-analysis. J. Neurol. Neurosurg. Psychiatry 2015, 86, 714–719. [Google Scholar] [CrossRef]

	



Ruffman, T.; Henry, J.D.; Livingstone, V.; Phillips, L.H. A meta-analytic review of emotion recognition and aging: Implications for neuropsychological models of aging. Neurosci. Biobehav. Rev. 2008, 32, 863–881. [Google Scholar] [CrossRef] [PubMed]

	



Seeley, W.W. The Salience Network: A neural system for perceiving and responding to homeostatic demands. J. Neurosci. 2019, 39, 9878–9882. [Google Scholar] [CrossRef]

	



Sheline, Y.I.; Raichle, M.E. Resting state functional connectivity in preclinical Alzheimer’s disease. Biol. Psychiatry 2013, 74, 340–347. [Google Scholar] [CrossRef]








[image: Jcm 12 04818 g001 550] 





Figure 1. Statistical non-parametric maps (SnPMs) of standardized low-resolution brain electromagnetic tomography (sLORETA) of the beta band comparing the post-rest RAA in the control and cognitive decline groups. Abbreviations: RAA, robot-assisted activity; A, anterior; P, posterior; S, superior; I, inferior; LH, left hemisphere; RH, right hemisphere; BH, both hemispheres; LV, left view; RV, right view; BV, bottom view. 
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Figure 2. Statistical non-parametric maps (SnPMs) of standardized low-resolution brain electromagnetic tomography (sLORETA) of the beta band comparing pre-rest and post-rest RAA in the control group. Abbreviations: RAA, robot-assisted activity; A, anterior; P, posterior; S, superior; I, inferior; LH, left hemisphere; RH, right hemisphere; BH, both hemispheres; LV, left view; RV, right view; BV, bottom view. 
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Table 1. Demographic characteristics of people in the cognitive decline group and the control group.
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	Variable
	Cognitive Decline Group (n = 11)
	Control Group (n = 18)
	p-Value





	Gender (male/female; n)
	7/4
	5/13
	0.12



	Age (year)
	79.00 (5.46)
	79.89 (7.92)
	0.75



	BMI (kg/m2)
	21.3 (3.36)
	23.40 (3.32)
	0.16



	MMSE (Score)
	17.82 (3.79)
	27.53 (2.37)
	<0.01







Abbreviations: BMI, body mass index; MMSE, Mini-Mental State Examination.
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Table 2. Brain regions showing significantly higher activation in the beta band in the control group than in the cognitive decline group after RAA.
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MNI Coordinates

	




	
Brain Region

	
BA

	
(x, y, z)

	
T-Value






	
Cingulate Gyrus

	
23 1, 24 1, 31 1

	
−10, −30, 40

	
−2.05








1 p < 0.01; Abbreviations: BA, Brodmann’s area; MNI, Montreal Neurological Institute; RAA, robot-assisted activity.
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Table 3. Brain regions showing significantly higher activation in the beta band after RAA than before RAA in the control group.
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MNI Coordinates

	




	
Brain Region

	
BA

	
(x, y, z)

	
T-Value






	
Cingulate gyrus

	
23 1, 24 1, 31 1

	
−5, −25, 50

	
−1.85




	
Precuneus

	
7 1, 31 1

	
−5, −25, 50

	
−1.85




	
Paracentral lobule

	
4 1, 5 1, 6 1

	
−5, −25, 55

	
−1.84




	
Medial frontal gyrus

	
6 1

	
−5, −25, 55

	
−1.84




	
Posterior cingulate

	
23 1

	
0, −25, 35

	
−1.82




	
Precentral gyrus

	
4 1

	
−15, −30, 65

	
−1.80




	
Postcentral gyrus

	
3 1

	
−20, −30, 70

	
−1.79








1 p < 0.05; Abbreviations: BA, Brodmann’s area; MNI, Montreal Neurological Institute; RAA, robot-assisted activity.
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