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Abstract. Cognitive Frailty is one of the most common age-related disabilities
in elderly. The two most damage cognitive domain in these patients are memory
and executive functions. An innovative virtual reality-based training program
for the rehabilitation of cognitive frail patients are proposed. The training is
focused both on memory and executive functions and is possible to combine the
two tasks according to the needs of the patients. The program could be done
both with low-end (personal computer) and high-end (CAVE) virtual reality
systems to guarantee the continuity of treatment from the hospital to home.
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1 Introduction

1.1 Cognitive Deficit in Elderly

Cognitive impairment in the elderly is one of the most common age-related disabilities
and, to prevent the negative consequences of this decline, it is usually accepted how it
is important to act promptly by targeting rehabilitation programs. Accordingly, the
focus of intervention should be in the pre-clinical or early stage of the cognitive
impairment. Prompt interventions could improve the ability of the elderly individuals
and preserve their autonomy, thus avoiding an early hospitalization.

Recently, the International Consensus Group composed of the International
Academy on Nutrition and Aging (IANA) and the International Association of
Gerontology and Geriatrics (IAGG) [1] proposed the identification of the Cognitive
Frailty (CF) to better describe elderly individuals who are at a preclinical stage.
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The two main criteria was used to correctly recognize this syndrome:

• the presence of cognitive impairment and physical frailty;
• the exclusion of any other types of dementia.

Physical Frailty could be diagnosed when patients show at least 3 of these 5
physical criteria: (1) slow gait speed, (2) unintentional weight loss, (3) weak muscle
strength, (4) exhaustion, and (5) sedentary behavior [2].

However, there are no clear indications about battery for the assessment of CF.
Understanding the unique cognitive profile of patients with CF could lead to a prompt
diagnosis and a timely rehabilitative intervention which is crucial for the potential
reversibility and prevention of CF [1–3].

Delrieu and colleagues [3] have made a first attempt to define a neuropsychological
profile of patients with CF. Specifically, they found deficits in processing speed,
selective attention, free recall, and mental flexibility. Impairment in Executive Func-
tions (EF) is the most common outcome of studies about the neuropsychological profile
of CF [3–5].

Beside impairments in EF, another common deficit in elderly individuals may be
found in a very specific domain: Spatial Memory (SM). Specifically, topographical
disorientation is one of the most common deficits in the early stage of dementia,
especially in Alzheimer Disease (AD) [6–8]. A recent study indicated that long-term
allocentric representation may become inaccessible for a successful retrieval in patients
with AD.

Both EF and SM deficits are complex phenomena that the classical assessment and
rehabilitation protocols are not able to detect and manage adequately. A more eco-
logical and customized procedure could help clinicians to improve the quality of the
clinical practice.

1.2 Virtual Reality and Neurorehabilitation

Virtual Reality (VR) is a useful technology for neurorehabilitation, thanks to its
peculiar characteristics. Using a virtual environments for the assessment and rehabil-
itation allows to increase the ecological validity and to control and manipulate the tasks
according to the needs of patients, to adapt the difficulty levels of a task, and to engage
patients in their training [9]. Moreover, by using VR, it is possible to drive and control
the patients’ performances in a functional, purposeful and motivating way, specifically
for the rehabilitation protocols [10].

Specifically, for the treatment of EF, the goal is to create a task that allows patients
to deal with every-day life situations. These situations require a more complex series of
abilities compared to classic protocols: patients have concrete goals to achieve and a
high degree of cognitive flexibility is required to elaborate different strategies to solve
the problems and to inhibit inappropriate behaviors [11].

Moreover, VR is a useful tool to analyze impairment in the ability to manage spatial
representations. Thanks to this technology, the therapist can induces interference in the
egocentric representation and forces the use of long-term allocentric representation
using a strategy known as “virtual disorientation,” [12].
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In summary, VR is an important technology for the improvement and amelioration
of the classical paper and pencil protocol used in clinical settings. In the last decade,
VR-based protocols have been developed for many neurological diseases, for both
motor [13] and cognitive [14] impairments.

2 Virtual Rehabilitation Protocols

2.1 Cognitive Stimulations for the Elderly

Here, we present two different highly-ecological virtual rehabilitation protocols for EF
and SM developed specifically for frail patients. Both protocols could be implemented
using low-end and high-end virtual reality systems.

2.1.1 Executive Functions
In order to stimulate the executive functions, we developed a VR-based training in a
virtual supermarket. The protocol is based on the Virtual Multiple Errands Test
(VMET), a VR-based assessment for the EF developed by Riva and colleagues [11,
15], itself inspired by the Multiple Errands Test (MET) [16, 17]. During the task,
patients are able to move around in the supermarket and they are requested to select
several products on shelves following precise rules. For the VR-based rehabilitation
protocol, 10 different tasks with increasing difficulty are developed. Each task has
different rules and different goals and may require a different aspect of the executive
function domain to be solved. At the beginning of each session, the patient and the
clinician analyze the task and the rules in order to understand and plan the different
steps needed to solve the task. The clinician helps the patient during all the tasks in
order to avoid the main errors and, at the end of the task, conducts a brief discussion
about the outcome of the task. The software automatically records every object taken
from the shelves and the path taken by the patient.

2.1.2 Spatial Memory
In the virtual city developed for the training, patients can move around with a common
joypad. As in the protocol for the rehabilitation of EF, 10 different tasks are created for
the rehabilitation of SM. Each task is divided in two phases: encoding and retrieval. In
the encoding phase, patients are asked to search for one, two or three objects located in
some predefined place in the city. In this first phase, the exploration always starts from
the center of the city.

In the retrieval part, patients are asked to remember and reach the place where the
objects were located before. Here, the starting point is different for each session and is
one of the cardinal points where the patient does not return.

Between the two phases of the first five tasks, the clinician shows an allocentric
map of the city and shows the patient the starting point of the retrieval phase in order to
simplify the use of allocentric representation.

If the patient has problems in remembering the target point, the software provides a
cue, a green path that connects the present position of the subject to the forgotten point.
The software automatically records the path taken by the patient, when all target points
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have been achieved, and if the cue has been used. This task is developed accordingly
with the “Mental Frame Syncing” theory [9].

Before the rehabilitation training patient underwent to a complete neuropsycho-
logical and physical assessment in order to evaluate the CF. Only eligible patients are
selected and started with the rehabilitation program.

Accordingly with the cognitive profile every sessions could include one or both
protocols. After the 10 sessions a new cognitive assessment were done.

3 Discussion

Both the proposed protocols for cognitive rehabilitation are in the test phase with
low-end and high-end virtual reality systems. The preliminary results are very
encouraging and convince us to continue with the experiment.

An important aspect of neurorehabilitation that will be implemented in our inno-
vative system is motor rehabilitation, because several studies show the efficacy of the
virtual rehabilitation programs for many physical impairments [13]. Balance and pre-
vention of falls are two main aspects of the therapeutic plan for frailty patients on which
to focus attention [18]. Both of these goals are easily manageable within the CAVE
system, but the development of new protocols is still in progress.

Thanks to this advanced technology, the possibility exists to create complex and
integrated protocols to maximize the efficacy of the treatment plan. An increasing
number of studies showed that the effectiveness of a treatment that combines the
cognitive and motor aspects [19, 20].

Another important aspect is the assessment of both cognitive and motor deficits.
VR is an important tool because it allows ecological and standardized environments for
a more precise and valid assessment. Many studies have analyzed the use of VR-based
assessment protocols for cognitive impairment with very positive results [14, 15].
Clearly, a more precise assessment method allows an early diagnosis and a prompt
rehabilitation treatment aimed at increasing the autonomy and the health of frail
patients.
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