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Abstract 

Background Hospital‑associated functional decline affects nearly one‑third of the hospitalized older adults. The aim 
of this trial is to investigate the effect of a cognitive stimulation intervention provided via immersive virtual reality 
(IVR), with or without a multicomponent physical exercise intervention (ME) in hospitalized patients aged 75 or older 
with severe functional dependency at admission (Barthel Index < 60 points).

Methods This clinical randomized controlled trial will be conducted in the Acute Geriatric Unit of a tertiary hospital 
in Spain. A total of 212 acute patients will be enrolled according to the following criteria: age ≥ 75, Barthel Index < 60, 
able to collaborate, expected length of stay ≥ 5 days, absence of clinical instability and severe dementia (Global 
Deterioration Scale 7) or other end‑stage disease. Patients will be randomly assigned to a control group (CG) or any 
of the three intervention groups (IG): IVR, ME, or IVR + ME. The IVR group will watch ad‑hoc videos showing Span‑
ish regional landscapes and villages, approximately 4 min per day for three consecutive days. The ME group will 
undergo aerobic and strength exercise for progressive training of the upper and lower limbs. The IVR + ME group will 
do both cognitive and physical intervention. The primary outcomes will be cognitive and physical measures at dis‑
charge. Mood, quality of life, isometric strength, and acceptance of IVR will be also assessed.

Discussion This project has the potential to enhance physical and psychological well‑being of patients with severe 
functional dependency hospitalized for acute conditions, using technology. Virtual reality is expected to be favourably 
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Introduction
The global trend of population aging has been stead-
ily increasing over the past several decades, and it is 
expected to exponentially grow in the next years [1]. By 
2050, the individuals aged 65 years and older will reach 
2.1 billion, doubling from 2015 [2]. Additionally, pro-
jections for the oldest old population indicate that this 
group of individuals could triple by 2050, reaching a 
total of 434 million [3]. Together with the population 
ageing, the prevalence of frailty and multimorbidity has 
been progressively increasing [4, 5]. Frailty is a geriatric 
syndrome characterized by an excessive vulnerability 
of the individual to endogenous and exogenous stress-
ors [1], associated with poorer health outcomes, such 
as increased risk of death, disability, reduced quality of 
life, increased likelihood of adverse drug events [4], and 
higher risk of hospitalization [6].

Almost 30% of the older adults experience functional 
decline and loss of autonomy in the activities of daily liv-
ing (ADL) during hospitalization [7, 8]. Hospital-associ-
ated functional decline is also associated to increased risk 
of delirium, reduced functional mobility [9], and reduced 
quality of life upon discharge [7, 10, 11], as well as lone-
liness, increased risk of depression, anxiety, and apathy 
[10–12].

The functional decline in geriatric inpatients has been 
recently addressed through the implementation of mul-
ticomponent physical training programs [10, 13] or 
technology-based gamification interventions [14]. How-
ever, there is limited knowledge about implementation 
of interventions in older inpatients with severe depend-
ency (Barthel Index < 60 points [15] ), since these patients 
are usually systematically excluded from clinical trials 
due to their functional limitations. Therefore, it is essen-
tial to develop efficient, motivating, standardized, and 
widely accessible interventions for these older adults [16], 
combining cognitive stimulation and physical exercise in 
order to prevent both cognitive and functional decline 
[17, 18].

Nowadays, technological solutions are becoming more 
affordable and accessible, thus representing a resource on 
which we may count on. Virtual reality (VR) is a prom-
ising intervention technique that has already been used 

with children [19, 20], adolescents, and adults [20, 21] 
in various conditions, including hospital settings [22]. 
Commercial devices such as  Wii® (Nintendo Company, 
Ltd., Kyoto, Japan), Microsoft  Kinect® (Microsoft Cor-
poration, Redmond, Washington, USA), and interactive 
video dance gaming have been also used as interventions 
among older people, with positive opinions and effects 
on the physical and cognitive domains [23–27]. However, 
there are potential limiting factors, such as the vision/
hearing impairments, and the digital gap. Nevertheless, 
glasses and audiphones are compatible with VR devices 
[12, 28] and the technological gap has been narrowing 
between younger people and older adults [29].

VR can be classified into three categories based on 
the degree of immersion [30, 31], having distinct char-
acteristics. The first category includes non-immersive 
systems, such as desktop computers; the second are 
semi-immersive projection systems, such as large screen 
monitors; and thirdly, full immersive systems, such as 
Head-Mounted Displays (HMD). The latter provides 
users with a complete view of a situation and a higher 
level of immersion. VR has been showing promising 
results in cognitive and psychosocial fields, including 
reducing depression, anxiety, apathy, and increasing cog-
nition, affect, quality of life, and visuospatial function in 
non-hospitalized older adults [12, 17, 23, 24]. Addition-
ally, VR is an affordable, feasible, and safe tool without 
side effects, which can encourage older adults to break 
their daily routine [12, 23, 24, 32].

Despite a recent increase in similar studies in the geri-
atric population, there is still a lack of research in hos-
pitalized older adults with functional and cognitive 
impairment. In this population, VR may offer an alterna-
tive strategy that could shift treatment of patients with 
impairments from a traditional management to innova-
tive solutions.

The physical domain of geriatric inpatients has been 
studied extensively in various settings over many years 
[10, 33]. However, it is challenging to replicate resistance 
protocols with aerobic exercises in patients with severe 
functional dependency (Barthel Index < 60 points [15] ). 
To address this issue, a specific cycloergometer designed 
for frail patients offers three types of training: passive, 

perceived by hospitalized older adults. This intervention represents a novelty in the geriatric patients’ care, com‑
prising IVR and/or ME dispensed within the patient’s room, and including patients who are commonly excluded 
from research clinical trials.

Trial registration This study was approved by the Navarra Clinical Research Ethics Committee on May 17th, 2023 
(PI_2023/60). The trial is registered at ClinicalTrials.gov, registration number NCT06340282, 24th May 2024.

Keywords Hospital‑associated functional decline, Cognitive stimulation, Virtual reality, Multicomponent physical 
exercise, Acute care, Older adults
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active-assisted, and active exercises  (MOTOmed® model 
MUVI). This tool may help geriatric patients increas-
ing not only mobility [34, 35] and resistance, but also 
cognitive domain, favouring perfusion in both muscle 
and brain tissues [13, 33]. However, it remains unclear 
whether this type of exercise is feasible for geriatric inpa-
tients and what specific effects might have on them.

The impact and consequences of immersive VR (IVR) 
and/or multicomponent exercises (ME) on hospitalized 
older individuals with severe functional dependency have 
yet to be explored.

This study protocol aims to describe a randomized 
controlled clinical trial with allocation to parallel groups 
(1:1:1:1), which will examine the effect of IVR and/or 
ME on cognitive and functional domains, in addition to 
mood, satisfaction, and technology acceptability, com-
pared to the usual care delivered in hospitalized older 
adults with severe functional dependency.

Methods
Study design
The study will be conducted in the Acute Geriatric Unit 
(AGU) of a tertiary hospital in Pamplona, Navarra, Spain 
(Hospital Universitario de Navarra, HUN). The AGU is a 
50-bed ward, and its staff is composed of 16 geriatricians, 
nurses, and physiotherapists.

The protocol satisfies the standard items for clinical 
trials according to the SPIRIT 2013 statement [36] (see 
checklist Additional file  1), and follows the CONSORT 
2010 statement [37]. As for the data monitoring, a formal 
committee is not requested due to the type of study.

Eligibility criteria
Medical inpatients admitted to the AGU of HNU 
between October 2023 and March 2025 will be evaluated 
for the eligibility criteria of the study from geriatricians 
(Table  1). Admissions in the AGU are mainly derived 
from the Emergency Department, with pulmonary and 
infectious diseases being the main causes of admissions.

Inclusion criteria

◦ People aged ≥ 75 years admitted to the AGU of 
HUN.
◦ Stability in cardiopulmonary, respiratory, and neu-
rological systems (based on vital parameters and 
absence of delirium).
◦ Expected hospital length of stay ≥ 5 days.
◦ Ability to communicate and collaborate with the 
research team.

Exclusion criteria

◦ Barthel Index score ≥ 60 at admission.
◦ Refusal to sign the informed consent by the patient/
main caregiver/legal guardian or inability to obtain it.
◦ Life expectancy minor than three months.
◦ End-stage disease.
◦ Severe level of major neurocognitive disorder 
(Global Deterioration Scale, GDS Fast Reisberg 7).

The participants, legal tutor, or their acquaintances will 
provide their written informed consent to participate in 
this study and for the obtainment of biological samples 
(see Additional files 2,3).

Description of interventions and usual care
Patients will be randomly assigned to the following 
described control group (CG) or to any of the following 
intervention groups (IG). Participants or their relatives 
will be able to discontinue the study for any reason at any 
time. Geriatricians of the AGU will offer physiotherapy 
whenever considered necessary, regardless the group 
assignment of patients, since restoring functional move-
ments and reducing the physical decline during hospitali-
zation is part of the usual care of AGU of HUN. Figure 1.

IVR stimulation (IVR)
The intervention will be programmed once a day (prefer-
ably in the morning) for three consecutive days (including 

Table 1 Eligibility criteria

Inclusion Exclusion

Age ≥ 75 years Barthel Index score ≥ 60 at admission

Stability in cardiopulmonary, respiratory, and neurological systems (based on vital parameters 
and absence of delirium)

Refusal to sign the informed consent by the patient/
legal guardian or inability to obtain it

Expected length of stay ≥ 5 days Life expectancy minor than three months

Being able to communicate and collaborate with the research team End‑stage disease

Severe level of major neurocognitive disorder (GDS 7)
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weekends), lasting approximately 4 min. Two ad-Hoc 
3D videos, produced by Nautilus Enterprise (Pamplona, 
Navarre) will be available for this purpose. On the 1st 
and 2nd day, one of the videos is reproduced through the 
HMD. On the 3rd day of the intervention, the patient will 
decide which video to watch.

The first video has two different natural settings: (a) 
Irati Forest; (b) Bardena desert. The second video is a 
simulation of visiting villages and cities of Navarre, 
going by car through landscapes, squares with peo-
ple walking, iconic buildings, and ending with a drone 
view of a small village. Both the 3D videos were devel-
oped in the Navarre region, with the aim of making the 
stimulation familiar to most of the patients. The videos 
were recorded using 6 cameras (Insta Pro 2, Shenzhen, 
Guangdong, China); afterwards, Nautilus Enterprise 

performed image stitching, editing, colorization, sound, 
and rendering of the video. The final export was per-
formed at a quality of 5760 × 2880, with a data transfer 
rate of 80 MB/s. A Matrice drone (Shenzhen, Guang-
dong, China) was used for the drone video. Regarding 
the vehicle used for some parts of the videos, consider-
ing carbon footprint, an electric car was used, trying to 
reduce to the minimum the ambient impact.

The research staff will continuously supervise the 
intervention sessions. For safety reasons, patients will 
seat in armchair during the stimulation, and he/she 
will never stand up. A daily record will be documented. 
The participants and their family members or caregiv-
ers will be familiarized with the IVR and the procedure 
before starting the intervention. To make it easier and 
more feasible the VR session, it will be performed in 
own patients’ hospital room. Figure 2.

Fig. 1 Intervention timeline

Fig. 2 Images from the VR glasses display



Page 5 of 10de la Casa‑Marín et al. BMC Geriatrics          (2024) 24:924  

Multicomponent exercise Group (ME)
Patients will undergo progressive training of the upper 
and lower extremities, as summarized in the exercise 
protocol (Table 2):

– Hand grip strengthening, through ball squeezes (2 
sets of 10 repetitions);

– Seated row exercise with resistance bands (for dorsal, 
biceps and core muscles), (2 set of 10 repetitions first 
day and 3 of 10 repetitions in the second and third 
days);

– Chair rises / Assisted half squats (3 sets of 5 rep-
etitions). If this is not possible, there will be the 
same repetitions of knee extension with 0.5/1/2 kg, 
depending on the patient strength (2 set of 12 repeti-
tions first day and 3 of 10 repetitions in the second 
and third days);

– Cycle ergometer exercise. The intensity will be meas-
ured using the Borg Scale [38], after patients will be 
familiarized with this scale.

The research staff will continuously supervise the 
intervention sessions. A daily record was documented. 
Participants and their family members or caregivers will 
be familiarized with the cycloergometer and procedure 
before the start of the intervention.

IVR stimulation + Exercise Group (IVR + ME)
This group will receive both the cognitive and physical 
interventions of the two previous groups.

Control Group (CG)
Control group will receive the usual care, which focuses 
on health restoration and pharmacological optimization.

Primary outcome measures

a. Mini-Mental State Examination (MMSE) [39] (a 
30-point questionnaire; scale of 0 [worst] to 30 
[best]).

b. Isometric handgrip strength: the dominant-hand 
strength will be measured using a hand dynamom-

eter (Takei Scientific Instruments Co., Tokyo, Japan). 
Patients will sit down with the elbow on complete 
extension and 5–10º of abduction. From this posi-
tion, they will be asked to squeeze the handle as 
forcefully as possible for 3” twice. The highest result 
will be considered for data collection.

c. Hierarchical Assessment of Balance and Mobility 
(HABAM) scale. The daily functional status will be 
assessed with the HABAM, an instrument that pro-
vides a clinical assessment of in-bed mobility, trans-
fers, and ambulation [40]. A value of 0 is equal to the 
lowest or inability of performance. Changes in per-
formances can be recorded with patient progress.

Secondary outcome measures

a Mood: 15-item Spanish Geriatric Version of Geriatric 
Depression Scale [41] (from 0 [best] to 15 [worst]); 
Short Form of State Trait Anxiety Inventory adapted 
to Spanish Geriatric Population [42] (STAI) (13-point 
questionnaire, from 0 [best] to 13 [worst]);

b Trail Making Test-A (TMT-A): cognitive test, which 
requires patients to draw sequentially lines connect-
ing 25 encircled numbers distributed on a sheet of 
paper [43].

c Quality of life: EuroQol 5-D 3-L (Eq. 5D-3-L) ques-
tionnaire [44] to measure five dimensions of health 
status (mobility, self-care, usual activities, pain/dis-
comfort, and anxiety/depression), and with a Visual 
Analogue Scale to quantify instantaneous perceived 
self-health from 0 [worst health state imaginable] to 
100 [best health state imaginable].

d Questionnaires about the intervention: Simulator 
Sickness Questionnaire (SSQ) [28] to assess cyber-
sickness or secondary effects of VR (translated and 
adapted for the Spanish population); System Usa-
bility Scale [45] to evaluate the usability of VR (10 
questions with answers from 1 [lower] to 5 [higher]. 
Additionally, ad-hoc tables will be prepared to regis-
ter adverse events, self-perceived grade of difficulty, 
satisfaction, enjoyment, and falls while performing 

Table 2 Exercise protocol

Exercise 1st Intervention Day 2nd Intervention Day 3rd Intervention Day

Handgrip 2 × 10 2 × 10 2 × 10

Row exercise (resistance band) 2 × 10 3 × 10 3 × 10

Chair raises (assisted half squat) 3 × 5 3 × 5 3 × 5

Cycle ergometer Upper limb 5’ (3–4 Borg) 7’ (3–4 Borg) 7’ (3–4 Borg)

Cycle ergometer Lower limb 2’ (3–4 Borg) 3’ (3–4 Borg) 3’ (3–4 Borg)
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the intervention. Heart rate and oxygen saturation 
will be measured twice during each intervention-
day (after watching the video in IVR or IVR + ME 
groups). Moreover, agitation will be measured using 
the Richmond Agitation-Sedation Scale [46] (RASS) 
(punctuation from + 4 [combative] to -5 [deep seda-
tion]).

e Functional performance: Barthel Index over a 100-
point scale (from 0 which represents severe func-
tional dependency up to 100, functional independ-
ency) [15].

f Delirium will be measured by using the Confusion 
Assessment Method (CAM) [47], a 5-question-brief 
test with information that can be provided by the 
family or nurse team.

g Comorbidities and polypharmacy: Cumulative Illness 
Rating Scale-Geriatric (CIRS-G) [48] and changes in 
the number of drugs and psychotropic at discharge.

h Length of hospital stay (days).
i Follow-up will be performed 1 month after discharge 

by phone call. Institutionalization, readmission and 
mortality rate will be assessed through clinical his-
tory review. Furthermore, medical staff will re-assess 
polypharmacy (changes in the number of drugs 
and psychotropic medication compared to baseline 
assessment).

Completed personal data or other documents contain-
ing protected personal health information will be stored 
in a locked file at the principal investigator’s office. The 
data will be entered into an electronic de-identified data-
base authorized by a study team member and checked 
for completeness and accuracy. Access to data using 
identifiers is strictly restricted by authorized study team 
members and authorities. Electronic data will be securely 
stored on a server regulated by a local research insti-
tute (NAVARRABIOMED). Any identifiable data will be 
maintained until consent is revoked. The times at which 
different variables will be measured are listed in Table 3 
(outcome variables will be assessed by dedicated medical 
staff).

Plans to promote participant retention and complete 
follow-up include email or text message reminders about 
appointments, participant empowerment, and resource 
facilitation.

Sample size
To detect a cognitive improvement, measured by the 
MMSE as a difference greater than 3 points at discharge 
between groups (bilateral α = 0.05, power = 0.90), 45 
patients should be enrolled in each group. Assuming 15% 
losses, the final goal of each group is 53 patients, and 
consequently, a total sample size of 212 subjects.

Randomization and blinding
All patients hospitalized in the AGU will be screened for 
the eligibility criteria. The ones who meet the eligibil-
ity criteria will be randomly assigned to one of the IG or 
to the CG within the first 48 h of admission, following a 
simple randomization procedure in a 1:1:1:1 ratio with-
out restriction. Randomization will be performed using 
the randomizer software (https:// rando mizer. org/) with a 
random permuted block design with block sizes.

Participants will be explicitly informed and reminded 
not to discuss their randomization assignment with the 
assessment staff. The assessment staff will be blinded to 
the participants’ group and the main study design. It is 
not possible to mask the group assignment to the staff 
involved in the IG training. Patients and caregivers/legal 
guardians (in case the patient has cognitive impairment) 
will be informed of their random inclusion in one group 
but will not be informed on the group in which they are. 
Figure 3.

Statistics
Initially, a descriptive analysis will be carried out in the 
total sample and in the groups. As for continuous vari-
ables, the statistics of central tendency and dispersion 
will be calculated according to the variable distribution 
(mean and standard deviation or median and interquar-
tile range), whereas frequencies and percentages will be 
considered for qualitative variables, with respective con-
fidence intervals in the overall prevalence. The baseline 
variables will be compared between the treatment and 
control groups using the Student’s t-test or Mann–Whit-
ney U test for quantitative variables, and the Chi-square 
test or Fisher’s test for qualitative variables. The effect of 
the intervention on the different outcome variables will 
be analysed using ANCOVA models or linear mixed 
models for quantitative variables; logistic models, differ-
ences in rates or differences in proportions will be also 
performed for falls, mortality, and institutionalization. If 
any independent variable presented relevant baseline dif-
ferences, a sensitivity analysis will be performed, adjust-
ing for these variables. No missing data imputations are 
planned. The analysis follows the intention-to-treat prin-
ciple, but per-protocol analysis will also be performed 
as a sensitivity analysis. To determine statistical signifi-
cance, a level of 0.05 will be established. The data will be 
analysed with SPSS 25.0 and R software v.4.0.

Potential sources of bias
There are potential sources of bias in our study that may 
include selection bias due to the criteria for participant 
inclusion and performance bias related to the interven-
tion delivery. To mitigate these biases, we will employ 

https://randomizer.org/
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Table 3 SPIRIT figure: schedule of enrolment, interventions, and assessments
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randomization for participant allocation and ensure that 
the intervention is administered by trained personnel 
who remain blind to group assignments. Additionally, we 
will conduct regular monitoring to ensure adherence to 
the protocol and minimize any deviations.

Strengths and limitations
This study presents several strengths, notably the innova-
tive application of immersive virtual reality for cognitive 
stimulation, coupled with a comprehensive multicom-
ponent physical exercise regimen. This dual approach 
specifically targets a vulnerable population, potentially 
enhancing both cognitive and functional outcomes. 
However, there are limitations to consider. The general-
izability of our findings may be constrained by the spe-
cific context of a tertiary hospital setting, which may not 
reflect broader community settings. Additionally, indi-
vidual variability in responses to the interventions could 
impact the overall effectiveness.

Discussion
Frailty and cognitive impairment are common geriatric 
syndromes in hospitalized older individuals, especially 
among those with severe functional dependency. To date, 

no randomized clinical trial has been involving these 
patients in a cognitive and functional intervention - dis-
pensed through IVR and/or ME -, with the final aim of 
reducing hospital-associated cognitive and functional 
decline. Although our research group has been work-
ing with older inpatients for over a decade using multi-
component and VIVIFRAIL prescriptions, we previously 
focused only on autonomous patients. An innovative 
aspect of this study is to target those patients who are 
commonly unable to follow a traditional training, includ-
ing those affected by dementia and functional impair-
ment. Another remarkable novelty of this study is the 
strict cooperation of an interdisciplinary team, (including 
physiotherapists, geriatricians, physical education doc-
tors, nurses, engineers), to provide comprehensive care 
and to reduce the inter-generational digital gap.

If our hypothesis is accurate, this project has the poten-
tial to enhance physical and psychological well-being of 
patients with severe functional dependency hospitalized 
for acute conditions, through virtual reality and physical 
exercise. Furthermore, this trial will inform upon even-
tual adverse events that may occur during the use of IVR 
or while performing ME, as well as upon the usability and 
acceptability of technology in this population. This trial 

Fig. 3 Flow diagram 
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represents a novelty in the geriatric patients’ care and may 
pave the way for other innovative interventions in the 
future.

Status of trial
The trial is registered at ClinicalTrials.gov, number of reg-
istration NCT06340282, 24th May 2024. The study will be 
implemented and reported in accordance with the Stand-
ard Protocol Items: Recommendations for Interventional 
Trials (SPIRIT) Guidelines.

Abbreviations
ADL  activities of daily living
AGU   Acute Geriatric Unit
CAM  Confusion Assessment Method
CG  control group
CIRS‑G  Cumulative Illness Rating Scale‑Geriatric
GDS  Global Deterioration Scale
EQ5D‑3‑L  EuroQol 5‑D 3‑L
HABAM  Hierarchical Assessment of Balance and Mobility
HMD  Head‑Mounted Displays
HUN  Hospital Universitario de Navarra
IG  intervention groups
IVR  Immersive virtual reality
ME  Multicomponent exercise
MMSE  Mini‑Mental State Examination
RASS  Richmond Agitation‑Sedation Scale
SSQ  Simulator Sickness Questionnaire
STAI  Short Form of State Trait Anxiety Inventory adapted to Spanish 

Geriatric Population
SUS  System Usability Scale
TMT‑A  Trail Making Test‑A

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877‑ 024‑ 05516‑x.

Additional file 1.

Additional file 2.

Additional file 3.

Acknowledgements
Thanks to all the patients and their families for their confidence in the research 
team.

Authors’ contributions
ACM, FZF, IOM, MCF, AG, DMC, IME, CC, MLE, BGG, RMA, AGB, FZF, and NMV 
contributed to the study conception, design, and project planning. ACM, 
FZF, IOM, MCF, DMC, IME, CC, MLE, RMA, AGB, FZF, and NMV developed the 
protocol. AG provided advice on statistical analysis. ACM prepared the initial 
manuscript. All authors read, reviewed and approved the final manuscript.

Funding
Open Access funding provided by Universidad Pública de Navarra. This 
study has been funded by the Instituto de Salud Carlos III‑FIS project grant 
(PI21/01117).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The study follows the principles of the Declaration of Helsinki (World Medical 
Association). It was approved by the Navarra Clinical Research Ethics Commit‑
tee on May 17th, 2023 (PI_2026/60).
Any important protocol modifications will be notified to relevant parties. Writ‑
ten, informed consent to participate will be obtained from all participants or 
their legal tutor or the acquaintances.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Geriatric Medicine ‑ Hospital Universitario de Navarra (HUN), 
Navarrabiomed, Universidad Pública de Navarra (UPNA), Instituto de Investi‑
gación Sanitaria de Navarra (IdiSNA), Pamplona, Spain. 2 School of Medicine 
and Surgery, University of Milan‑Bicocca, Milan, Italy. 3 Department of Statistics, 
Computer Science and Mathematics, Universidad Pública de Navarra (UPNA), 
Pamplona, Spain. 4 CIBER of Frailty and Healthy Aging (CIBERFES), Instituto de 
Salud Carlos III, Madrid, Spain. 5 Clinical Research Department, TDN, Ortho‑
pedic Surgery and Advanced Rehabilitation Center, Mutilva, Spain. 6 School 
of Medicine, University of Navarra, Pamplona, Spain. 7 Hospital Universitario de 
Navarra, Irunlarrea 3, Pamplona 31008, Spain. 

Received: 11 September 2024   Accepted: 25 October 2024

References
 1. Proietti M, Cesari M. Frailty: what is it? Adv Exp Med Biol. 2020;1216:1–7.
 2. Proyecciones de Población 2020–2070.pdf.. Available from: https:// www. 

ine. es/ prensa/ pp_ 2020_ 2070. pdf. Cited 2024 Mar 18.
 3. World Population Aging 2015_Report.pdf. Available from: https:// www. 

un. org/ en/ devel opment/ desa/ popul ation/ publi catio ns/ pdf/ ageing/ 
WPA20 15_ Report. pdf. Cited 2024 Mar 18.  

 4. Salive ME. Multimorbidity in older adults. Epidemiol Rev. 2013;35:75–83.
 5. Vetrano DL, Palmer K, Marengoni A, Marzetti E, Lattanzio F, Roller‑

Wirnsberger R, et al. Frailty and multimorbidity: a systematic review and 
meta‑analysis. J Gerontol Biol Sci Med Sci. 2019;74(5):659–66.

 6. Soley‑Bori M, Ashworth M, Bisquera A, Dodhia H, Lynch R, Wang Y, et al. 
Impact of multimorbidity on healthcare costs and utilisation: a systematic 
review of the UK literature. Br J Gen Pract. 2021;71(702):e39–46.

 7. Hartley P, Keating JL, Jeffs KJ, Raymond MJ, Smith TO. Exercise for acutely 
hospitalised older medical patients. Cochrane Database Syst Rev. 
2022;11(11):CD005955.

 8. Loyd C, Markland AD, Zhang Y, Fowler M, Harper S, Wright NC, et al. Preva‑
lence of hospital‑associated disability in older adults: a meta‑analysis. J 
Am Med Dir Assoc. 2020;21(4):455–e4615.

 9. Lyons A, Romero‑Ortuno R, Hartley P. Functional mobility trajectories of 
hospitalized older adults admitted to acute geriatric wards: a retrospec‑
tive observational study in an English university hospital. Geriatr Gerontol 
Int. 2019;19(4):305–10.

 10. Martínez‑Velilla N, Casas‑Herrero A, Zambom‑Ferraresi F, Sáez de Asteasu 
ML, Lucia A, Galbete A, et al. Effect of exercise intervention on functional 
decline in very elderly patients during acute hospitalization: a rand‑
omized clinical trial. JAMA Intern Med. 2019;179(1):28–36.

 11. Sugimoto T, Arai H, Sakurai T. An update on cognitive frailty: its definition, 
impact, associated factors and underlying mechanisms, and interven‑
tions. Geriatr Gerontol Int. 2022;22(2):99–109.

 12. Appel L, Appel E, Bogler O, Wiseman M, Cohen L, Ein N, et al. Older adults 
with cognitive and/or physical impairments can benefit from immersive 
virtual reality experiences: a feasibility study. Front Med (Lausanne). 
2019;6:329.

 13. Lozano‑Vicario L, Zambom‑Ferraresi F, Zambom‑Ferraresi F, de la Casa‑
Marín A, Ollo‑Martínez I, Sáez de Asteasu ML, et al. Effectiveness of a 

https://doi.org/10.1186/s12877-024-05516-x
https://doi.org/10.1186/s12877-024-05516-x
https://www.ine.es/prensa/pp_2020_2070.pdf
https://www.ine.es/prensa/pp_2020_2070.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2015_Report.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2015_Report.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2015_Report.pdf


Page 10 of 10de la Casa‑Marín et al. BMC Geriatrics          (2024) 24:924 

multicomponent exercise training program for the management of 
delirium in hospitalized older adults using near‑infrared spectroscopy 
as a biomarker of brain perfusion: study protocol for a randomized con‑
trolled trial. Front Aging Neurosci. 2022;14:1013631.

 14. Cuevas‑Lara C, Sáez de Asteasu ML, Ramírez‑Vélez R, Izquierdo M, 
Zambom‑Ferraresi F, Antoñanzas‑Valencia C, et al. Effects of game‑based 
interventions on functional capacity in acutely hospitalised older adults: 
results of an open‑label non‑randomised clinical trial. Age Ageing. 
2022;51(1):afab247.

 15. Functional evaluation: the Barthel Index ‑ PubMed. Available from: 
https:// pubmed‑ ncbi‑ nlm‑ nih‑ gov. unimib. idm. oclc. org/ 14258 950/. Cited 
2024 Mar 18.

 16. Sokolov AA, Collignon A, Bieler‑Aeschlimann M. Serious video games 
and virtual reality for prevention and neurorehabilitation of cognitive 
decline because of aging and neurodegeneration. Curr Opin Neurol. 
2020;33(2):239–48.

 17. Kang JM, Kim N, Lee SY, Woo SK, Park G, Yeon BK, et al. Effect of cognitive 
training in fully immersive virtual reality on visuospatial function and 
frontal‑occipital functional connectivity in Predementia: Randomized 
Controlled Trial. J Med Internet Res. 2021;23(5): e24526.

 18. Htut TZC, Hiengkaew V, Jalayondeja C, Vongsirinavarat M. Effects of physi‑
cal, virtual reality‑based, and brain exercise on physical, cognition, and 
preference in older persons: a randomized controlled trial. Eur Rev Aging 
Phys Act. 2018;15:10.

 19. Dumoulin S, Bouchard S, Ellis J, Lavoie KL, Vézina MP, Charbonneau P, et al. 
A randomized controlled trial on the use of virtual reality for needle‑
related procedures in children and adolescents in the emergency depart‑
ment. Games Health J. 2019;8(4):285–93.

 20. Fandim JV, Saragiotto BT, Porfírio GJM, Santana RF. Effectiveness of virtual 
reality in children and young adults with cerebral palsy: a systematic 
review of randomized controlled trial. Braz J Phys Ther. 2021;25(4):369–86.

 21. Virtual Reality in the Treatment of Adults with Chronic Low Back Pain: 
A Systematic Review and Meta‑Analysis of Randomized Clinical Trials ‑ 
PubMed. Available from: https:// pubmed‑ ncbi‑ nlm‑ nih‑ gov. unimib. idm. 
oclc. org/ 34831 562/. Cited 2024 Mar 18.  

 22. Smith V, Warty RR, Sursas JA, Payne O, Nair A, Krishnan S, et al. The effec‑
tiveness of virtual reality in managing acute pain and anxiety for medical 
inpatients: systematic review. J Med Internet Res. 2020;22(11):e17980.

 23. Chao YY, Scherer YK, Montgomery CA. Effects of using Nintendo  Wii™ 
exergames in older adults: a review of the literature. J Aging Health. 
2015;27(3):379–402.

 24. Ismail NA, Hashim HA, Ahmad Yusof H. Physical activity and Exergames 
among older adults: a scoping review. Games Health J. 2022;11(1):1–17.

 25. Virtual Reality and Medical Inpatients: A Systematic Review of Rand‑
omized, Controlled Trials ‑ PubMed. Available from: https:// pubmed‑ ncbi‑ 
nlm‑ nih‑ gov. unimib. idm. oclc. org/ 28386 517/. Cited 2024 Mar 18.

 26. Zeng N, Pope Z, Lee JE, Gao Z. Virtual reality Exercise for anxiety and 
depression: a preliminary review of current research in an emerging field. 
J Clin Med. 2018;7(3):42.

 27. Li J, Theng YL, Foo S. Effect of exergames on depression: a sys‑
tematic review and meta‑analysis. Cyberpsychol Behav Soc Netw. 
2016;19(1):34–42.

 28. Campo‑Prieto P, Rodríguez‑Fuentes G, Carral JMC. Traducción Y adap‑
tación Transcultural Al español Del Simulator Sickness Questionnaire 
(translation and cross‑cultural adaptation to Spanish of the Simulator 
Sickness Questionnaire): SSQ versión Española. Retos. 2022;43:503–9.

 29. Faverio M. Share of those 65 and older who are tech users has grown 
in the past decade. Pew Research Center. Available from: https:// www. 
pewre search. org/ short‑ reads/ 2022/ 01/ 13/ share‑ of‑ those‑ 65‑ and‑ older‑ 
who‑ are‑ tech‑ users‑ has‑ grown‑ in‑ the‑ past‑ decade/. Cited 2024 Mar 18.

 30. Mujber TS, Szecsi T, Hashmi MSJ. Virtual reality applications in manufac‑
turing process simulation. J Mater Process Technol. 2004;155–156:1834–8.

 31. Milgram P, Takemura H, Utsumi A, Kishino F. Augmented reality: a class 
of displays on the reality‑virtuality continuum. In: Telemanipulator and 
Telepresence Technologies. SPIE; 1995. p. 282–92. Available from: https:// 
www. spied igita llibr ary. org/ confe rence‑ proce edings‑ of‑ spie/ 2351/ 0000/ 
Augme nted‑ reali ty‑a‑ class‑ of‑ displ ays‑ on‑ the‑ reali ty/ 10. 1117/ 12. 197321. 
full. Cited 2024 Mar 18.

 32. Campo‑Prieto P, Cancela‑Carral JM, Rodríguez‑Fuentes G. Feasibility and 
effects of an immersive virtual reality exergame program on physical 

functions in institutionalized older adults: a randomized clinical trial. Sens 
(Basel). 2022;22(18):6742.

 33. Cadore EL, Sáez de Asteasu ML, Izquierdo M. Multicomponent exercise 
and the hallmarks of frailty: considerations on cognitive impairment and 
acute hospitalization. Exp Gerontol. 2019;122:10–4.

 34. Hu Y, Tian J, Wen X, Lu C, Tian N. Clinical effects of MOTOmed Intelligent 
Exercise Training combined with intensive walking training on the Reha‑
bilitation of walking, nerve and lower limb functions among patients 
with Hemiplegia after Stroke. Pak J Med Sci. 2022;38(5):1222–7.

 35. Shen C, Liu F, Yao L, Li Z, Qiu L, Fang S. Effects of MOTOmed movement 
therapy on the mobility and activities of daily living of stroke patients 
with hemiplegia: a systematic review and meta‑analysis. Clin Rehabil. 
2018;32(12):1569–80.

 36. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža‑Jerić K, 
et al. SPIRIT 2013 statement: defining standard protocol items for clinical 
trials. Ann Intern Med. 2013;158(3):200–7.

 37. Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement: updated 
guidelines for reporting parallel group randomised trials. BMC Med. 
2010;8(1):1–9.

 38. Noble BJ. Clinical applications of perceived exertion. Med Sci Sports 
Exerc. 1982;14(5):406–11.

 39. Folstein MF, Folstein SE, McHugh PR. Mini‑mental state’. A practical 
method for grading the cognitive state of patients for the clinician. J 
Psychiatr Res. 1975;12(3):189–98.

 40. Macknight C, Rockwood K. A hierarchical Assessment of Balance and 
mobility. Age Ageing. 1995;24(2):126–30.

 41. Martínez De La Iglesia J, Onís Vilches MC, Dueñas Herrero R, Albert 
Colomer C, Aguado Taberné C, Luque Luque R. Versión española 
del cuestionario de Yesavage abreviado (GDS) para el despistaje de 
depresión en mayores de 65 años: adaptación y validación. Medifam. 
2002;12(10). Available from: http:// scielo. isciii. es/ scielo. php? script= sci_ 
artte xt& pid= S1131‑ 57682 00200 10000 03& lng= en& nrm= iso& tlng= en. 
Cited 2024 Mar 18.

 42. Fernández‑Blázquez MA, Ávila‑Villanueva M, López‑Pina JA, Zea‑Sevilla 
MA, Frades‑Payo B. Propiedades psicométricas de una nueva versión 
abreviada del state-trait anxiety inventory (STAI) para valorar El Nivel De 
ansiedad en personas mayores. Neurología. 2015;30(6):352–8.

 43. Tombaugh TN. Trail making test A and B: normative data stratified by age 
and education. Arch Clin Neuropsychol. 2004;19(2):203–14.

 44. Badia X, Roset M, Montserrat S, Herdman M, Segura A. [The Spanish ver‑
sion of EuroQol: a description and its applications. European Quality of 
Life scale]. Med Clin (Barc). 1999;112(Suppl 1):79–85.

 45. Sevilla‑Gonzalez MDR, Moreno Loaeza L, Lazaro‑Carrera LS, Bourguet 
Ramirez B, Vázquez Rodríguez A, Peralta‑Pedrero ML, et al. Spanish ver‑
sion of the system usability scale for the assessment of electronic tools: 
development and validation. JMIR Hum Factors. 2020;7(4): e21161.

 46. Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal PV, Keane KA, et al. 
The Richmond agitation–sedation scale. Am J Respir Crit Care Med. 
2002;166(10):1338–44.

 47. Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal AP, Horwitz RI. Clarify‑
ing confusion: the confusion assessment method. A new method for 
detection of delirium. Ann Intern Med. 1990;113(12):941–8.

 48. Linn BS, Linn MW, Gurel L. Cumulative illness rating scale. J Am Geriatr 
Soc. 1968;16(5):622–6.

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

https://pubmed-ncbi-nlm-nih-gov.unimib.idm.oclc.org/14258950/
https://pubmed-ncbi-nlm-nih-gov.unimib.idm.oclc.org/34831562/
https://pubmed-ncbi-nlm-nih-gov.unimib.idm.oclc.org/34831562/
https://pubmed-ncbi-nlm-nih-gov.unimib.idm.oclc.org/28386517/
https://pubmed-ncbi-nlm-nih-gov.unimib.idm.oclc.org/28386517/
https://www.pewresearch.org/short-reads/2022/01/13/share-of-those-65-and-older-who-are-tech-users-has-grown-in-the-past-decade/
https://www.pewresearch.org/short-reads/2022/01/13/share-of-those-65-and-older-who-are-tech-users-has-grown-in-the-past-decade/
https://www.pewresearch.org/short-reads/2022/01/13/share-of-those-65-and-older-who-are-tech-users-has-grown-in-the-past-decade/
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/2351/0000/Augmented-reality-a-class-of-displays-on-the-reality/10.1117/12.197321.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/2351/0000/Augmented-reality-a-class-of-displays-on-the-reality/10.1117/12.197321.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/2351/0000/Augmented-reality-a-class-of-displays-on-the-reality/10.1117/12.197321.full
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/2351/0000/Augmented-reality-a-class-of-displays-on-the-reality/10.1117/12.197321.full
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S1131-57682002001000003&lng=en&nrm=iso&tlng=en
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S1131-57682002001000003&lng=en&nrm=iso&tlng=en

	Effects of immersive virtual reality stimulation andor multicomponent physical exercise on cognitive and functional performance in hospitalized older patients with severe functional dependency: study protocol for a randomized clinical trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Introduction
	Methods
	Study design
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria
	Description of interventions and usual care
	IVR stimulation (IVR)
	Multicomponent exercise Group (ME)
	IVR stimulation + Exercise Group (IVR + ME)
	Control Group (CG)
	Primary outcome measures
	Secondary outcome measures
	Sample size
	Randomization and blinding
	Statistics
	Potential sources of bias
	Strengths and limitations


	Discussion
	Status of trial

	Acknowledgements
	References


