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Introduction

 Globally, there is an accelerated process of population aging and, 
within this process, the number of older persons living with Neuro-
cognitive Disorders (NCDs) is also increasing, being estimated that 
by 2050 this number will exceed 130 million [1]. Non-pharmacologi-
cal interventions provide efficient alternative strategies for improving 
Behavioural and Psychological Symptoms of Dementia (BPSD), as 
well as the quality of life of the older persons with NCDs; they im-
prove cognition and mood disorders [2] and also facilitates the care 
process [3]. The environment for such non-pharmacological interven-
tions plays an important role in enhancing their effectiveness [4,5]. 
Multimodal interventions based on Information and Communication 
Technology (ICT) has been an emerging practice in recent years for 
people with NCDs [6]. Designed for care facilities, the SENSE-GAR-
DEN spaces are self-contained physical rooms where digital tech-
nology is used to create immersive emotional experiences [7]. The 
novelty of the method consists in the use of ICT based system to offer 
visual, audio, touch, olfactive and proprioceptive stimuli in a smooth 
cognitive flow and a complex experience, for a complex and person-
alized cognitive and physical training. The intervention is based on 
emotional reconnection, used to enable the improvement of self and 
reality orientation.

Methodology

 The objective of the present study is to assess the impact of a 
personalized, innovative multimodal intervention in regards to the 
well-being of older adults living with major neurocognitive disorders.

Study design

 This study is a case series. Study’s International registered report 
identifier is DERR1-10.2196/14096. SENSE-GARDEN study proto-
col is published elsewhere [8].
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Introduction: There are an increasing number of older persons 
living with major Neurocognitive Disorders (NCDs). Psychosocial 
interventions are effective in the management of cognition, mood 
disorders, behavioural and psychological symptoms.

Methodology: This case series presents the impact of a non-phar-
macological multimodal intervention which associates reminiscence 
therapy with multisensory stimulation, training of perception, mem-
ory and executive function, as well as physical training elements, to 

stimulate the person’s reconnection with self, others and environ-
ment. The SENSE-GARDEN intervention was applied on 7 partici-
pants (Clinical Dementia Rating 2), for 20 sessions, over the course 
of 4 weeks. Assessments were performed at baseline, after the inter-
vention program and at follow-up, 8 weeks after baseline.

Results: Benefits have been achieved in terms of functioning, par-
ticipation and quality of life.

Discussion: The outcomes are not of clinical significance but are 
statistically significant.

Conclusion: This study shows the impact of an innovative inter-
vention applied intensively on persons with major NCD. Further re-
search is required to determine the optimal combination of stimuli for 
users’ best experience and benefits and to determine the most suit-
ed assessment method for such interventions. Study’s International 
registered report identifier is DERR1-10.2196/14096.

Keywords: Cognitive and physical training; Major neurocognitive 
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Participants

 The participants for this study were recruited from inpatients at 
the Neurological Rehabilitation Department of Elias University Hos-
pital, presenting neurocognitive disorders. Inclusion criteria: age 55+, 
Clinical Dementia Rating Score: 2 or 3, signed informed consent 
form. Exclusion criteria: mood disorders, other psychiatric diagnoses, 
changes in medication for NCD or cardiovascular disease in the last 3 
months, extreme frailty, inability to perform the tasks due to physical 
disabilities.

Assessment tools and schedule

 Relevant parameters were assessed at T0 - baseline, before the 
start of the intervention; T1 - after the 20 sessions (4 weeks after T0), 
at the end of the intervention program; T2 - follow-up (8 weeks after 
T0) [8]. In regards to the evaluation of the impact of the interven-
tion program, a mixed evaluation methodology was applied. Standard 
quantitative assessment tools were applied to all domains of human 
functioning, based on the International Classification of Functioning 
(ICF) framework and domains [9]. All screening and evaluation ses-
sions were conducted by 2 clinician psychologists, in part by means 
of remote video-audio communication, as adaptation to the special 
situation generated by the COVID-19 pandemic and the requirements 
regarding disease prevention and spreading reduction.

Intervention space and time coordinates

 The study was performed between August 2019 and December 
2020, in the Neurological Rehabilitation Department of the Elias Uni-
versity Emergency Hospital in Bucharest, Romania.

Intervention

 An intensive multimodal intervention was applied, through an in-
novative technology that associates reminiscence therapy with multi-
sensory stimulation, perception, space retrieval training, memory and 
executive function training as well as physical training elements. The 
equipment included a computer providing an innovative ICT-based 
technical platform ensuring the integration of the user-technology in-
terfaces, a tablet for remote control of the therapeutic experiences, a 
short-throw interactive projector, an All-in-One PC and a four-limb 
stationary bicycle. The application on the tablet offers the means to 
create personal profiles and workflows. It also offers the therapist the 
possibility to give real time feedback to the system.

 The SENSE-GARDEN space within the Elias Hospital is a rect-
angular room with an area of about 30sqm. The elongated shape of 
this space is conductive, enhancing a linear, possibly sequential or, 
conversely, complete traversal approach of the different experiences 
in SENSE-GARDEN. The space benefits from natural lighting al-
most entirely on one of the long sides. The walls have neutral colour, 
white. In the SENSE-GARDEN space, the participants were actively 
involved in a succession of different emotional reminiscence experi-
ences used as base for reconnection and cognitive and physical train-
ing. Sessions lasted from 60 to 90 minutes, depending on the level of 
deficit of each patient, in addition to the usual rehabilitation program 
(physical modalities for musculoskeletal symptoms for 4 participants, 
physical therapy for 5 participants). No other intervention aiming to 
improve cognitive or emotional functioning was applied to partici-
pants during the study.

 The therapeutic process was conducted by one clinical psy-
chologist. One family caregiver was invited to participate in the 
SENSE-GARDEN sessions.

Ethical approval

 All aspects regarding ethics of research and development of tech-
nologies and therapeutic interventions for people presenting NCDs, 
personal data protection during intervention and results processing, as 
well as safety aspects for all participants were taken into account [10]. 
The study had the approval of the Ethics Commission in Elias Uni-
versity Emergency Hospital, Bucharest, Romania (number 8223/ 09 
November 2018). Written consent was obtained from all participants 
- people with NCDs (primary users) and family caregivers (secondary 
users). All personal data and parameters were pseudonymized for data 
processing.

Statistical analysis

 Statistical analysis was performed using version 3.6.2 of R pro-
gramming language. Tables were produced in Excel - Microsoft 365 
for Enterprise package. To assess whether the data within a sample 
were normally distributed or not, the Shapiro-Wilk test was used, with 
a significance threshold of 0.05. For the comparison of paired sample 
(T1 - T0), we used paired t-test when data were normally distributed. 
For non-normally distributed data, Wilcoxon signed ranks sum test 
was applied.

Results
 There were 8 participants enrolled. 1 participant had to withdraw 
after 2 sessions, due to deterioration of health condition not related to 
the intervention. All the remaining 7 participants completed 20 indi-
vidual personalised sessions of the SENSE-GARDEN intervention as 
well as all three assessment sessions (T0, T1 and T2).

Demographic data

 The mean age of participants was 71.14 years old (standard de-
viation of 12.17 years). The sample included 5 females and 2 males. 
All participants were rated 2 on the Clinical Rating Dementia Scale, 
indicating significant cognitive decline (3 with vascular major NCD, 
2 with major NCD due to Alzheimer’s disease, 2 with major NCD due 
to mixed aetiology) and presented with sensory profile scores in with 
the range of their age group. One of the participants was wheelchair 
user.

Health and functioning related outcomes

 The participants showed improvements in all parameters consid-
ered (Figure 1).

Cognitive functions

 The average score on the GDS decreased after 4 weeks of 
SENSE-GARDEN use, indicating a reduction in cognitive decline. 
The average score decreased after the control period. Mini-Cog scores 
showed improvements at the end of the intervention programme, but 
also a slight decrease at the follow-up.

Physical functioning

 Average scores indicate an improvement in physical function after 
4 weeks of SENSE-GARDEN use. Scores decreased at follow-up.

Agitation

 On average, CMAI scores decreased from 53.14 to 41.71 after 4 
weeks of intervention, indicating a reduction in agitation. The average 
score slightly increased to 42.14 after the control period.
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Depression

 CSDD scores dropped on average from 14.29 to 8.29 after 4 weeks 
of intervention. This suggests that SENSE-GARDEN may be an ef-
fective intervention for reducing depression amongst people with ma-
jor NCDs.

Disease severity

 On average, BANS-S scores decreased after using SENSE-GAR-
DEN for 4 weeks, indicating a reduction in disease severity. The aver-
age score remained stable after 4 weeks of control period, indicating 
that participating in the intervention may have a lasting effect.

Functional level and ability to carry out activities of daily liv-
ing

 On average, there was a slight decrease in FAST scores after 4 
weeks of SENSE-GARDEN use, indicating an improvement in the 
participants’ level of functioning. The intervention may have lasting 
effects on the level of functioning amongst people with major NCDs.

Disability level

 On average, WHODAS 2.0 scores decreased indicating an im-
provement in functioning. However, the average score slightly in-
creased after the control period, indicating a slight decline in func-
tioning [11], after the intervention program stopped.

Quality of life

 QUALID scores decreased, indicating a higher perceived quality 
of life. Furthermore, in some cases, the average score continues to de-
crease after the control period, suggesting that the SENSE-GARDEN 
intervention may offer a beneficial long-term effect on quality of life.

Statistical significance of results

 As shown in table 1, important indicators of quality of life (per-
ceived disability, cognition, physical ability, mood and behaviour) 
suffered changes with statistical significance after the intervention 
program, at T1 (significance threshold at .05). V-statistic is the sum of  

ranks assigned to the differences with positive signs. When running 
a Wilcoxon Signed Rank test, R calculates a sum of negative ranks 
and a sum of positive ranks. V is the positive ranks related value. The 
changes after the intervention differ on individual basis. Some bene-
fits of the intervention seem to be maintained even at 8 weeks follow 
up, in a statistically significant manner.

Discussion
 The results show a positive impact of the intensive multimodal 
intervention pro-posed, addressing multiple modifiable risk factors 
influencing cognitive decline. The results are in line with the conclu-
sion of a recent systematic review on multimodal interventions [12]. 
Intensive personalised rehabilitation interventions are beneficial in 
terms of functioning and attaining desired goals [13]. The changes 
in the scores related to health and functioning after the intervention 
show statistical significance, even if the lot was small and the group 
is not homogenous. This suggests that the intervention programme is 
effective.

 The improvement of CSDD score from 14,29 to 8,29 after inter-
vention indicates an important improvement of mood, as a score >10 
indicates a probable major depressive episode and a score >18 defi-
nite major depressive episode, while a score below 6 is associated 
with absence of significant depression [14]. The changes in CSDD 
score are consistent with those on CMAI.

 The average reduction of WHODAS score from 2.7 (moderate 
disability) to 2.34 (moderate-mild disability) indicates a better rela-
tionship with the environment as result of improved awareness and 
engagement. A better performance is noted in all activity domains 
assessed with WHODAS instrument: cognition, mobility, self-care, 
coping, home and professional activities as well as participation [15]. 
Slight reduction of average scores is noticed on both scales devel-
oped by Reisberg, defining the level of the person’s functioning defi-
cit (Functional Assessment Staging Tool and Global Deterioration 
Scale).

 The results of the present study in regards with physical and cogni-
tive functioning consensual changes are in accord with the data from  

Figure 1: Health and functioning related outcomes (means).

Note: WHODAS 2.0 = World Health Organization Disability Assessment 
Scale 2.0; FAST = Functional Assessment Staging Tool; GDS = Global 
Deterioration Scale; QUALID = Quality of Life in Late-Stage Dementia 
Scale; FRT = Functional Reach Test; CMAI = Cohen-Mansfield Agitation 
Inventory; CSDD = Cornell Scale for Depression in Dementia; BANS-S 
= Bedford Alzheimer Nursing Scale – Severity. *Based on 6 participants. 
One participant was unable to perform the test due to being a wheelchair 
user.

Indicator baseline vs. 4 weeks baseline vs. 8 weeks 4 weeks vs. 8 weeks

WHODAS V = 26
p-value = 
0.05191

V = 23
p-value = 

0.1508
V = 13

p-value = 
0.9326

mini_cog V = 0
p-value = 
0.05447

V = 1.5
p-value = 

0.5862
V = 13

p-value = 
0.1675

QUALID V = 25
p-value = 
0.07593

V = 21
p-value = 
0.03552

V = 19
p-value = 

0.4436

FRT V = 1
p-value = 
0.05917

V = 6
p-value = 

0.4017
V = 17

p-value = 
0.2084

FAST V = 4
p-value = 

0.7728
V = 3

p-value = 
0.3458

V = 1 p-value = 1

GDS V = 1 p-value = 1 V = 3
p-value = 

0.3458
V = 1 p-value = 1

CMAI V = 28
p-value = 
0.02201

V = 28
p-value = 
0.02249

V = 13
p-value = 

0.932

CSDD V = 21
p-value = 
0.03603

V = 21
p-value = 
0.03401

V = 3
p-value = 

0.5839

BANSS_S V = 15
p-value = 
0.05447

V = 10
p-value = 
0.08897

V = 6
p-value = 

0.8539

Table 1: Statistical significance of changes in the scores related to health 
and functioning.
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the literature. The distance in FRT has improved from an average of 
14 cm to an average of 17 cm, which means changing the classifica-
tion (averages) from the category of people with a very high risk of 
falling (less than 15 cm - risk of falling is 4 times higher than usual) 
in the category of people with medium risk of falling (15-25 cm, risk 
of falling is twice as high as normal) [16].

 The environment in which the intervention is offered to the user 
is important. The space used for intervention delivery in this study 
has been prepared in regards to size, shape, interior design and equip-
ment to meet the needs of the different experiences, in terms of de-
mentia friendly principles [17,18] as well as for safe and efficient 
sensory-motor and visuo-spatial training [19]. The symptoms can be 
increased by inappropriate space size, shape, flow, colours or textures, 
lighting being too bright or insufficient, and by sounds difficult to in-
terpret or misunderstood [20]. At the same time, a dementia-friendly 
design can alleviate some of BPSD such as wandering, spatial and 
temporal disorientation [21]. People with neurocognitive disorders 
need a higher level of lighting [22] but glare and shadows must be 
avoided. The lighting of the space was an important aspect, enhancing 
the 6 experiences depending on the type of training and the time of 
day. It was taken into account that natural light fights depression [23] 
but, at the same time, artificial light helps a good focus on different 
activities.

 There are limitations to this study. Because of the limited number 
of participants, the results need to be validated in other studies with 
larger lot and a control group or a baseline trend to compare natural 
progression of functioning, activity and participation with the out-
come of the intervention period.

Conclusion

 The results of this study provide a comprehensive picture of the 
impact a cognitive, emotional and physical multimodal intervention 
has on persons with major NCD, when applied intensively by means 
of an ICT based system. Improvements have been documented in re-
gards of cognitive and physical functioning, as well as in emotional 
condition, behaviour and quality of life. Continuous active engage-
ment of the people with major NCD as well as continuous adaptation 
of the intervention are needed in order to provide sustained benefits. 
Further research is required to determine the optimal combination of 
stimuli able to provide users with the best experience and most bene-
fits, as well as to determine the best means for evaluating the impact 
of complex multimodal interventions in neurocognitive disorders.
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