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Abstract: Background: Current research on Alzheimer’s Disease has progressively focused
on Mild Cognitive Impairment (MCI) as a pre-dementia state, as well as on Subjective
Memory Complaint (SMC), as a potential early indicator of cognitive change. Consequently,
timely interventions to prevent cognitive decline are essential and are most effective when
combined with motor training. Nevertheless, motor-cognitive dual-task training often
employs non-ecological tasks and is confined to clinical contexts lacking generalizability
to daily life. The integration of 360◦ media could overcome these limitations. Therefore,
the aim of the current work is twofold: (a) to present a dual-task training using 360◦

technology for its interactivity, versatility, and ecological validity, and (b) to propose a
protocol to test its efficacy through a randomized clinical trial. Methods: This study will
recruit 90 older adults (MCI and SMC). Participants will follow two phases of training:
in-hospital rehabilitation and at-home rehabilitation. The experimental design will fol-
low a 2 × 3 × 2 structure with 3 factors: type of treatment (360◦ training vs. traditional
rehabilitation), time (baseline, post in-hospital training, and post at-home training), and
group (SMC vs. MCI). Results: The expected outcome is an improvement in cognitive and
motor functioning after the experimental training. Conclusion: This study will advance
the literature on non-pharmacological interventions and innovative technological tools for
cognitive trainings in the early stages of cognitive decline.

Keywords: dual-task; rehabilitation; 360-degree video; aging; cognitive impairment

1. Introduction
According to the World Alzheimer Report (2022) [1], the projected number of individ-

uals affected by dementia in 2050 is approximately 139 million. Within this population, it is
estimated that Alzheimer’s disease (AD) accounts for approximately 70–80% of diagnosed
cases [2]. The aforementioned statistics are experiencing a significant surge due to the con-
tinuous rise in life expectancy [3,4]. The underlying pathophysiological mechanisms in AD
manifest over an extended period, ranging from several years to several decades, preceding
the onset of the clinical syndrome characterized by dementia [5]. The pre-dementia phase
presents an opportunity to mitigate deterioration, underscoring the importance of promptly
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addressing subtle cognitive changes during this interval [6,7]. Therefore, current research
on AD has increasingly focused on comprehending and addressing pre-dementia clinical
states, including Mild Cognitive Impairment (MCI). MCI is conceptualized as a transitional
phase that occurs between normal and pathological cognitive aging. It is characterized by a
gradual decline in cognitive functions, with a particular emphasis on memory, although
other cognitive domains may also be affected. Individuals with MCI typically exhibit the
ability to maintain a majority of their functional and daily activities, despite the presence of
cognitive decline. However, they do not fulfill the specific criteria necessary for a definitive
diagnosis of dementia. The etiology, type of cognitive domain impaired, and extent of
functional impairment in this condition exhibit significant heterogeneity [8–10].

Recent studies have significantly broadened the scope of research on the early stages of
cognitive decline, particularly focusing on Subjective Memory Complaint (SMC). Although
SMC is not included as a generally accepted nosological entity, for the pre-dementia stages,
it is often considered a stage antedating objective impairment and an at-risk condition for
subsequent dementia [11]. SMC refers to individuals’ self-reported perception of memory
decline relative to their previous cognitive abilities, without any identifiable organic or
major psychiatric causes [12]. Although the potential implications of SMC are noteworthy,
there is a notable lack of assessment with neuropsychological and cognitive measures for
this condition. Furthermore, research on SMC is even more scarce than MCI [12]. Fur-
thermore, this terminology may lead to ambiguity, as it has been employed in certain
instances to refer to individuals exhibiting verifiable impairments in memory function [13].
At the same time, in other cases, it has been associated with elevated levels of anxiety
and depression [14,15]. While a segment of the literature is dedicated to enhancing the
diagnostic criteria for pre-dementia stages, another segment focuses on developing specific
therapeutic interventions. Considerable efforts have been dedicated to advancing pharma-
cological and non-pharmacological interventions in various studies [16–18]. Particularly,
recent literature highlights a growing focus on dual-task (DT) [7,19–21]. Exercise-based
interventions incorporating DT training have gained considerable attention in recent years
as a promising approach in the field [19,22,23]. DT training includes either two motor
tasks (motor–motor DT) or one motor task and one cognitive task (motor–cognitive DT).
Regardless of the types of tasks involved, DT is defined as the simultaneous execution
of two tasks that can be completed independently, be measured independently, and have
different objectives [24]. These interventions have shown great potential and are becoming
increasingly recognized as a viable option. Numerous researchers have observed the posi-
tive impacts of DT training on various aspects such as balance, mobility, overall functional
status, as well as general cognition, memory, and attention [10,19,23].

The DT training appears to facilitate the activation of the supplementary motor area
and premotor cortex, enhance neural efficiency, increase the utilization of neural resources,
upregulate neurotrophic factor levels, and subsequently promote neuroplasticity [7,25,26].
According to a recent review, individuals with MCI who engage in DT training exhibit var-
ied outcomes in terms of their motor and cognitive functions; specifically, when compared
to active control groups, MCI patients showed greater improvements in executive func-
tions, memory, and global cognition. Additionally, they also exhibited improvements in
gait, strength, mobility, balance, cardiorespiratory fitness, and physical activity levels [25].
Nevertheless, the impact of DT training on mitigating falls has not been definitively estab-
lished, and it remains uncertain whether the motor and cognitive tasks should be executed
consecutively or concurrently [25]. The aforementioned finding deviates from a prior study,
which demonstrated that engaging in concurrent cognitive and motor tasks yields more
substantial enhancements in cognitive function [26,27].
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Given that this field of study is relatively new, several unresolved practical considera-
tions exist regarding treatments. Specifically, the most effective dosage, encompassing the
frequency, duration, and length of the sessions, has yet to be clearly defined. Furthermore,
it has been observed that while group interventions have a positive impact on cognitive
and physical functions, individualized rehabilitation may be more effective in enhancing
specific motor aspects, such as reducing fall rates [25]. Although the effectiveness of DT
training remains consistent regardless of treatment dose and modalities, it is imperative for
future research to address this issue considering patients’ attributes.

Furthermore, most of these training sessions have been conducted within controlled
laboratory settings or in commercially available gaming environments, thereby constraining
the generalizability of acquired skills to real-world contexts [28–30]. One potential solution
to this problem is using 360◦ technology, which allows the curation of ecological, evidence-
based, and cost-effective solutions [31–33]. With these instruments, patients are immersed
in 360◦ real-life situations and can be actively involved in engaging in cognitive and physical
exercises, thus offering greater chances for transferring abilities to real life [34]. Furthermore,
these environments also facilitate the integration of multiple sensory modalities, such as
visual, auditory, and motor stimuli, which, in turn, have a positive impact on the brain’s
ability to adapt and change (i.e., brain plasticity) [35].

Despite the broad panorama of interventions described in the literature, research has
predominantly focused on addressing cognitive [36–38], as well as motor [39], impairments
in patients with MCI and dementia [18]. However, there remains a paucity of research
investigating the efficacy of cognitive stimulation interventions specifically in patients
with SMC.

On these bases, we explored using 360◦ media to create a DT training program for
improving cognitive and motor abilities in individuals with SMC and MCI. The adapt-
able nature of 360◦ technology enables the integration of DT exercises into realistic, yet
controlled, safe environments.

2. Materials and Methods
2.1. Description of the Protocol: DUAL-REHAB Training

Based on protocol objectives, we propose DUAL-REHAB: a dual-task training applica-
tion that requires the simultaneous performance of cognitive and motor tasks, utilizing 360◦

media technology. This intervention will be designed to be implemented in two distinct
phases, each with specific delivery modalities: an immersive hospital-based phase and a
non-immersive home-based one. This dual-modality approach was selected to maximize
the discussed benefits of immersive virtual reality in clinical settings while addressing po-
tential safety concerns during unsupervised home-based training. Additionally, this design
enables training opportunities beyond the clinical environment, allowing participants to
maintain consistent practice in their home settings.

DUAL-REHAB requires participants to perform cognitive and motor tasks simultane-
ously. While continuously maintaining a cycling or stepping rhythm synchronized with a
metronome, participants must concurrently perform cognitive tasks targeting attention,
memory, and executive function (e.g., responding to auditory cues by reversing pedaling
direction while maintaining a specific cycling rhythm). The intervention will be structured
into 10 sessions for each modality, with progressive difficulty levels to ensure appropriate
challenge and engagement. Each session will comprise approximately 10 interconnected
exercises embedded within scenarios, such as simulated workday activities and moun-
tain excursions. These contextual scenarios serve as cohesive frameworks within which
participants complete specific rehabilitation exercises. The exercises will be performed
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through either a head-mounted display (HMD) for immersive sessions or a tablet device
for non-immersive sessions, in conjunction with gym equipment (i.e., a cycle ergometer).

The training program will be structured into two sequential phases, each comprising
10 biweekly sessions of about 45 min duration: (i) in-hospital rehabilitation, where older
adults will receive 10 sessions of the 360◦ DT training under professional supervision from
psychologists and physiotherapists, and (ii) at-home rehabilitation, where older adults will
engage with the non-immersive version after a teaching session to become familiar with
the technology.

2.2. Study Design

This study will aim to examine the efficacy of a novel 360◦ DT training for improving
cognitive and motor functioning in two different populations: older individuals reporting
SMC and older adults with MCI. To achieve this objective, a randomized clinical trial will
be conducted. Within each group (SMC vs. MCI), individuals will be randomly assigned to
the experimental training group (i.e., DUAL-REHAB application training) or the control
group (a traditional rehabilitation program of the same duration).

The experimental group will complete the DUAL-REHAB program, which includes
both the hospital-based immersive phase and the home-based non-immersive phase. Partic-
ipants assigned to the control group will follow a similar training period in a DT traditional
rehabilitation program. This intervention comprises in-hospital conventional cognitive
exercises (delivered via paper and pencil and computer), as well as physical practice using
gym equipment with supervision from specialized clinicians. In contrast to tablet-based ex-
ercises performed at home, participants will receive cognitive and motor exercises through
a paper and pencil protocol with gym equipment (e.g., a portable cycle ergometer) for
their rehabilitation treatment at home. Both interventions consist of 10 biweekly sections.
Specifically, the proposed experimental design will be 2 × 3 × 2 with these 3 main factors:
(i) type of treatment (360◦ DT training vs. traditional rehabilitation program), (ii) time
(baseline, after in-hospital training, and after at-home training), and (iii) group (SMC vs.
MCI), as shown in Figure 1.

 
Figure 1. Schematic representation of the randomized clinical trial design. Yellow indicates par-
ticipants with Mild Cognitive Impairment, while green represents those with Subjective Memory
Complaints.
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The participants will be assigned to either the experimental group or the control group
in a 1:1 ratio using simple randomization procedures, specifically, computerized random
numbers. Due to the nature of the intervention, we will follow a single-blinded method-
ology where the researchers responsible for conducting the assessments will be blinded
about the allocation of participants into different groups to mitigate the potential influence
of ascertainment bias. All individuals engaged in the facilitation of the training, including
researchers and clinicians, will receive comprehensive training to ensure adherence to
standardized research protocols during the implementation of the 360◦-based intervention.
The management of potential data losses during the at-home rehabilitation and follow-up
assessment will involve the implementation of specific statistical techniques to address
missing data.

This trial was registered on the ClinicalTrials.gov (https://clinicaltrials.gov/) database
(NCT06290167) on 4 March 2024.

2.3. Sample and Recruitment

Based on the sample size described below, this study will recruit 90 older adults
divided into two groups (45 SMC and 45 MCI). The participants will be recruited through a
mixed strategy incorporating consecutive sampling within the IRCCS Istituto Auxologico
Italiano as a primary source and snowball sampling (participants help to provide others)
to reach even cases that do not access hospital services, improving the representativeness
of our sample. In particular, we will screen patients who have access to the Department
of Medicine, Neurology and Rehabilitation at the hospital. Eligible SMC participants
will be older individuals (≥65 years old) with self-reported memory complaints [40]. To
evaluate this aspect, we will design a brief semi-structured interview developed based
on key features commonly reported in the literature, including the frequency of memory
difficulties, temporal onset of reported impairments, and impact in everyday life [40].
Additional inclusion criteria will be a score on the Mini-Mental State Examination within
the normal range, as suggested by [41], no evidence of objective impairments identified in
neuropsychological testing (see Section 2.4.1 below), and scores on the Clinical Dementia
Rating (CDR) < 0.5 (where a higher CDR score reflects possible dementia, as assessed with
the CDR interview [42]). Eligible MCI participants will be older individuals (≥65 years old)
with a self-reported cognitive decline at the previous interview, with an objective impair-
ment identified in neuropsychological testing (see assessment instruments below), with
preservation in functional abilities, and without evidence of significant impairment in social
or occupational functioning (i.e., not demented), as reported in literature recommenda-
tions [43].

Informed consent will be obtained from all participants in accordance with the ethical
approval granted by the IRCCS Istituto Auxologico Italiano, and the study will comply with
the ethical principles established in the Helsinki Declaration. No financial compensation
will be provided to the participants.

2.4. Assessment Instruments

All participants will undergo a comprehensive baseline paper and pencil assessments
upon enrollment. The same assessment protocol will be administered at three time points:
baseline (T0), after 5 weeks of hospital treatment (T1), and following the completion of
the home-based intervention (T2). This assessment schedule will be identical for both the
experimental and control groups and will last approximately one hour.

https://clinicaltrials.gov/
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2.4.1. Measure of Cognitive Functions

A comprehensive neuropsychological battery will be used, as previously described.
All evaluations will be administered by a certified psychologist blinded to group allocation.
The battery comprises the following standardized tests.

• The Mini-Mental State Examination [41], a screening battery used to obtain information
about general cognitive performance;

• The Digit Span [44], where participants listen to a series of digits read aloud and must
repeat them in the same order;

• The Digit Span Backward [44], where the researcher reads a series of digits aloud to
the participants, who are requested to repeat the same series of digits in the oppo-
site sequence;

• The Corsi Span Test [44], measuring short-term spatial memory, where the researcher
taps a sequence of blocks that the patient needs to reproduce afterwards, in the
same order;

• Rey-Osterrieth complex figure [45], where the researcher asks the patient to copy a
complex figure, then the patient has to recall the same one after 20 min;

• The Trail Making Test [46], which measures attention and ability of set-shifting and is
composed of two parts: the first part (A) is a searching task, and the second part (B)
requires shifting in alternatively searching numbers and letters;

• The Clock Drawing Test [47], a valid screening tool for evaluating cognitive decline
including visuospatial abilities, executive function, and conceptual understanding,
wherein, in this version of the test, participants are presented with a pre-drawn clock
face and instructed to insert the numbers and draw the clock hands to indicate a
specified time;

• The oral naming of nouns and verbs of E.N.P.A [48], where participants have to name
the drawn element or action in tasks that each consist of 10 pictures;

• The Phonological, Semantic verbal fluency [49], a measure of language production;
• The Attentional Matrices Test [50], which is used for measuring selective attention,

that is, the patient’s ability to detect visual targets among distractors;
• The Frontal Assessment Battery [51], a short cognitive and behavioral six-subtest

battery for the screening of global executive dysfunction;
• Short-Story recall [45], which requires participants to memorize and recall a short story

after a period of 20 min;
• The Stroop Colour Word Test [52], which is used in clinical practice to assess several

abilities linked to the frontal lobe, such as selective attention, cognitive flexibility, and
sensitivity to interference. It consists of three different parts: (i) Participants read
color-word names printed in black ink, (ii) they name the color of neutral stimuli, and
(iii) they must name the ink color of incongruent color words. This last condition
generates the “Stroop effect,” a slowing in response times and increased errors due to
interference between automatic reading and the required color-naming task;

• Dual-task performance [53], a test consisting of performing digit recall and tracking
tasks separately and then simultaneously.

2.4.2. Measure of Motor Functioning

The motor measures will be defined with the collaboration with a group of physio-
therapists and include the following tests.

• The cognitive Timed Up & Go Test [54]: This is a test of balance traditionally used
to evaluate functional mobility in frail older adults. The cognitive part requires
participants to complete the test while counting backward by threes; in the motor part,
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patients have to stand up from a chair, walk for 3 m quickly, turn around, walk back,
and sit down.

• The Timed 10-Meter Walk [55]: This is used for evaluating gait speed and functional
mobility. The test measures the time required for participants to walk 10 m at their
preferred walking speed along a straight path.

Moreover, we will assess the quality of life using the World Health Organization
Quality of Life Scale (WHOQol-brief) [56]. It is a widely used questionnaire designed to
assess the individual’s quality of life through four domains: physical health, psychological
health, social relationships, and environment.

All the used tests will be corrected properly using the Italian normative data, if available.

2.5. Statistical Analysis

The randomized trial assessing memory improvements using virtual reality by Optale
and colleagues [57] found medium/high effect sizes. Using their data, it is possible to
estimate a minimum of 45 individuals for each group to be included in the experiment, in
order to achieve a minimum power of 95%, considering a medium effect size of 0.7 and a
significance level of 0.05. The sample size analysis has been computed with the software
GPower*3.1.

All collected data will be organized and preprocessed using Microsoft Excel. A com-
prehensive data cleaning will be implemented, including checks for data entry errors and
missing values. If necessary, appropriate imputation techniques will be applied. Statistical
analysis will be performed using appropriate software, like SPSS 28.0, JASP 0.17, and
JAMOVI 2.3. Demographic characteristics and outcome measures will be summarized
using descriptive statistics, including means, standard error, and percentages. The primary
analysis will employ a mixed ANOVA to assess training effectiveness. Following the
verification of statistical assumptions (including sphericity), we will examine between-
subjects (experimental vs. control group) and within-subjects (baseline, T1, and T2) factors.
Greenhouse-Geisser and Huynh-Feldt corrections will be applied when sphericity assump-
tions are violated. The ANOVA will encompass all outcome measures. Moreover, the
effect size will be calculated using Cohen’s d. To account for multiple comparisons, a post-
hoc analysis will be conducted using Tukey’s HSD and Bonferroni correction to control
this aspect.

Secondly, relationships between cognitive and motor indices will be examined using
Pearson’s correlation coefficients (r), after verifying the necessary statistical assumptions.
The significance level will be set at α = 0.05. A dropout rate of up 15% will be considered
acceptable for the study’s validity.

3. Expected Results
The primary outcome of this study will be the evaluation of cognitive performance

improvements, as measured by the assessment battery for cognitive functions. We hypoth-
esize that participants in the experimental group will demonstrate significantly greater
improvements compared to the control group regardless of their baseline cognitive status
(MCI or SMC). Our expectations include enhanced performance across many outcomes
cognitive measures previously described. Specifically, we expect to observe a significant
improvement in the experimental group compared to controls and consistent treatment
effects across both MCI and SMC subgroups.

As secondary outcomes, we anticipate similar patterns of improvement in physical
performance measures. We hypothesize that the experimental group will show greater en-
hancements in motor functions compared to the control group, with comparable treatment
effects expected across both MCI and SMC subgroups. These physical improvements will
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be assessed through the previously described motor assessment battery. Additionally, we
focus on quality-of-life improvements. We hypothesize that WHOQol-brief questionnaire
scores will show significant increases from baseline to post-intervention in both groups,
with the experimental group demonstrating more substantial improvements. This pattern
is expected to be consistent across both the MCI and SMC conditions, with the realistic
training environment facilitating better transfer of learned skills to daily life situations.

The results of this study may have important implications for the development and
implementation of non-pharmacological interventions, providing compelling evidence for
the effectiveness of technology-based DT intervention. The use of 360◦ media represents a
significant advancement over traditional approaches, providing scalable and cost-effective
solutions to early intervention, potentially delaying or preventing further decline. If proven
effective, this methodology could establish a new standard particularly valuable for health
care systems seeking sustainable solutions for an aging population.

4. Discussion
The current study will be one of the first to analyze and investigate the effectiveness

of ecological DT training for older adults with MCI and SMC. The work aims to clarify
the numerous benefits provided by the integration of cognitive and motor tasks, as well
as advanced technology with rehabilitation paradigms. Using innovative technological
advancements and DT provides a rich multisensory experience, transcending traditional
therapeutic limitations. The multisensory nature of DT 360-degree media training pro-
motes coordinated activation of diverse functions. The simultaneous integration of visual,
auditory, and motor stimuli provides comprehensive engagement, potentially enhancing
neuroplasticity through complex activation patterns. This multimodal approach offers
a more complete and effective rehabilitation experience than traditional single-modality
interventions [58,59]. Another key advantage lies in its capacity to create highly realistic
scenarios, particularly crucial for neurorehabilitation settings where real-world complexity
needs to be replicated. The enhanced ecological validity not only develops task-specific
abilities, but also facilitates skill transfer from clinical to daily life activities [25]. Indeed,
the lack of an appropriate reflection of the needs of real abilities in neuropsychological
instruments is cited as the cause of issues in predicting everyday cognitive functioning [60].

Therefore, we would like to offer the possibility of an innovative intervention for
improving patients’ care that does not stop in the clinical context, but rather, continues
at home, with the required adjustments. Our protocol could lighten the load on hospital
services and allow us to continue with the guided rehabilitation at home. Bringing reha-
bilitation into the patient’s home has several significant benefits [61]. Firstly, it promotes
greater continuity of care, allowing patients to maintain progress achieved in clinical set-
tings, leading to better long-term outcomes. Consequently, it reduces the need for frequent
hospital visits, thereby minimizing the associated costs and logistical challenges for patients
and health care systems. Home-based rehabilitation may also increase patient comfort
and convenience, as individuals can engage in therapeutic activities within their familiar
environments. This might result in higher adherence to the prescribed regimen.

By leveraging innovative methodologies, we aim to deliver a holistic rehabilitation
experience that seamlessly integrates into patients’ daily lives, achieving important goals
in the pre-clinical phase regarding research and clinical practice.
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