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Abstract.
Background: Behavioral and psychological symptoms of dementia (BPSD) are present in most people with dementia (PwD),
including Alzheimer’s disease. There is consensus that non-pharmacological therapies represent the first line of treatment to
address BPSD.
Objective: We explore the efficacy of the use of a rocking chair (Nordic Sensi® Chair, NSC) in the treatment of BPSD in
nursing home residents with moderate and severe dementia.
Methods: We carried out a 16-week randomized, single-blind, controlled, clinical trial with PwD admitted to nursing homes.
Participants were assigned to a treatment group (n = 40) that received three times a week one session per day of 20 minutes
in the NSC and a control group (n = 37). The Neuropsychiatric Inventory-Nursing Home (NPI-NH) was used as primary
efficacy outcome. Occupational distress for the staff was evaluated using the NPI-NH Occupational Disruptiveness subscale
(NPI-NH-OD). Statistical analyses were conducted by means of a Mixed Effects Model Analysis.
Results: Treatment with the NSC was associated with a beneficial effect in most of BPSD, as reflected by differences between
the treatment and control group on the NPI-NH total score (mean change score –18.87 ± 5.56 versus –1.74 ± 0.67, p = 0.004),
agitation (mean change score –2.32 ± 2.02 versus –0.78 ± 1.44, p = 0.003) and irritability (mean change score –3.35 ± 2.93
versus –1.42 ± 1.31, p = 0.004). The NPI-NH-OD total score also improved the most in the treatment group (mean change
score –9.67 ± 7.67 versus –7.66 ± 6.08, p = 0.003).
Conclusions: The reduction in overall BPSD along with decreased caregiver occupational disruptiveness represent encour-
aging findings, adding to the potential of nonpharmacological interventions for nursing home residents living with dementia.
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INTRODUCTION

Dementia is a syndrome characterized by a pro-
gressive impairment of the cognitive and functional
abilities with important implications for individuals
and society. The number of people with dementia
(PwD) is expected to increase to 82 million by 2030
and almost double by 2050 [1].

In addition to the cognitive and functional deficits,
behavioral and psychological symptoms of demen-
tia (BPSD) are one of the most important challenges
that both PwD and their caregivers face throughout
the course of the disease [2]. BPSD consist of a het-
erogeneous group of symptoms such as depression,
delusions, hallucinations, irritability, disinhibition,
agitation, apathy, or sleep and eating problems [3].
BPSD results in decreased PwD well-being, impaired
quality of life, and cause a heavy burden on care-
givers, often leading caregivers to make the decision
to institutionalize [4, 5]. In nursing-homes BPSD can
be a major stress for both the care staff and the resi-
dents themselves [6].

BPSD management includes both pharmacologi-
cal and non-pharmacological therapies [7].

Medication is often used and many PwD are treated
with psychotropic drugs, although in many cases
achieve only modest benefits in controlling symptoms
while exposing patients to the risk of possible adverse
events [8]. On the contrary, non-pharmacological
interventions are considered to have fewer undesir-
able effects making them safer options, with at least
the same efficacy as medication, in most cases [9, 10].
In fact, currently there is a consensus to consider non-
pharmacological therapies as the first line treatment
of BPSD with the exception of emergency situations
[11].

A wide range of non-pharmacological approaches
have shown positive results for the management of
BPSD including physical exercise, music therapy,
multisensory stimulation, psycho-educational inter-
ventions for caregivers or care staff training [12].
However, the need for the development and applica-
tion of new non-pharmacological therapies is present
[11, 13].

Within this context, modern rocking chairs may
be suitable for long-term care because rocking, a

rhythmically repeated movement, can contribute to
psychosocial wellbeing [14]. However, only a few
studies have evaluated the use of rocking chairs for
PwD. A 6-week study in nursing homes showed that
the use of a rocking chair produced improvements in
anxiety and depression as well as reductions in pain
medication [14]. The results of a repeated-measures
study revealed that the use of a glider significantly
improved emotions and relaxation in people with
severe dementia admitted to nursing homes [15]. In
the same line, findings from a study using a rocking
chair showed a decrease in BPSD and an increase in
quality of life in PWD in a nursing home [16]. In a
multicenter survey of long-term care facilities staff
reported the use of a rocking chair improved quality
of care and contributed to a calmer environment for
PwD [17].

In this regard, it is of interest to consider the ther-
apeutic role of the Nordic Sensi® Chair (NSC) in the
treatment of BPSD based on its ability to offer PwD a
sensory experience that brings the benefits of music,
therapeutic tactile stimulation, vestibular stimulation,
and relaxation in an integrated way, especially those
in nursing homes.

Music-based interventions were originally devel-
oped with the aim of accomplishing individualized
goals and offer a promising option if targeted and
evaluated effectively [18]. The use of music in PwD
is based on the ancestral link between sounds and
the human being and its potential to evoke emo-
tions experienced throughout their lives. Music can
become a way of expressing their emotions in daily
life, thus preventing the onset of anxious or agitated
behaviors [19, 20].

If PwD is hyperaroused, tactile stimulation and
vestibular stimulation is a powerful tool to help regu-
late arousal levels to enable self-calming and focused
attention, especially when PwD is agitated [21]. Lin-
ear movement activities (e.g., forward–back rocking
and swinging) coupled with low-frequency sounds
are calming and serve to inhibit the reticular activat-
ing system via the vestibular system [21].

The main objective of this study was to evaluate
the effectiveness of the NSC in the management of
BPSD in real clinical practice in PwD admitted to
nursing homes. The secondary objective was to assess
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the benefits of the NSC on cognitive functioning and
quality of life of PwD as well as its potential benefits
on the occupational disruptiveness of care staff.

METHODS

Participants

Study participants had a diagnosis of demen-
tia according to the criteria of the 11th edition of
the International Classification of Diseases of the
World Health Organization [22] and/or probable
Alzheimer’s disease (AD) according to the criteria of
the National Institute on Aging Alzheimer’s Associa-
tion workgroups (NIA/AA) [23]. PwD were recruited
from two nursing homes specialized in dementia care:
Centro Residencial Almudena (Rincón de la Victoria,
Málaga, Spain) and Residencia DomusVi Fuentesol
(Alhaurı́n de la Torre, Málaga, Spain). Dementia
severity was assessed with the Reisberg Global Dete-
rioration Scale (GDS) [24] by the clinician in charge.
PwD included in the study were clinically defined in
stages 4 to 7 of the GDS.

Centro Residencial Almudena has a capacity for 50
users and offers specialized services for Alzheimer’s
and other dementias. The healthcare team is made up
of internists and psychologists, in addition to med-
ical advisors in each specialty. DomusVi Fuentesol
Residence has a total of 146 beds and center has an
interdisciplinary team who offers specialized services
for dementia and neurocognitive disorders.

Exclusion criteria included PwD who had any evi-
dence of focal vascular lesions (such as hematomas),
stroke, normal pressure hydrocephalus; those with
serious systemic diseases such as hypothyroidism or
chronic renal failure; those with a chronic sensory
disorder (e.g., severe vision and hearing impairment)
or severe psychiatric disorder.

Considering the variability reported in the litera-
ture of the clinical assessment instruments used in
the present study, it was anticipated that a sample of
70 PwD (35 in each of the two groups) would allow
detection, with 80% power and an anticipated effect
size of 0.5, for the primary efficacy variable NPI-NH
total score of a statistically significant difference in
the mean of 2.5 points or more between the two study
groups, assuming a standard deviation of 1.5 points
[25].

The study included the evaluation of care staff from
both nursing homes who participated in the direct pro-
vision of care to the participating PwD. The degree
to which the presence of BPSD disturbed the nor-

Fig. 1. The Nordic Sensi® Chair.

mal development of their professional activities was
assessed.

The Nordic Sensi® Chair

The NSC (Wellness Nordic A/S, Espergaerde,
Denmark, Fig. 1) is an electrically operated rock-
ing chair with built-in music MusiCure® composed
by Niels Eje [26]. It is equipped with an integrated
audio system with music recording. MusiCure® is
used in a wide variety of different types of treat-
ment and research projects such as cardiac patients,
surgery and recovery or psychiatric patients suffering
from anxiety, depression, delirium, or sleep problems
[26]. Recently MusiCure® has also been used for the
treatment of PwD [16].

This framework requires consideration of a person-
centered approach to focus to interventions that
have a greater likelihood of effecting a positive
influence on their quality of life. As research demon-
strates, person-centered interventions can be effective
in reducing BPSD in PwD and healthcare service
providers should be encouraged to use person-
centered care as an essential part of treatment when
attempting to reduce BPSD [27].

The NSC has three different programs: Relax for
deep relaxation, Refresh for recovery and Comfort
for gentle relaxation. A 3.7 kg fiber blanket increases
the feeling of security and relaxation, while help-
ing users to perceive their own body. In addition to
musical programming, the NSC provides predefined
tactile stimulation and rocking motion, for a relax-
ing multi-sensory experience. This approach could
facilitate the achievement of a balance between stim-
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ulation and sensory calm that would contribute to the
effective management of BPSD. All settings can be
easily customized at the touch of a button.

For the purposes of this study, the NSC Relax for
deep relaxation program (Relax Program) was used.
The Relax Program lasts 20 min, during which the
backrest descends to a semi-reclined position that is
maintained throughout the program. The chair has
also a footrest that can be raised and lowered. At the
end of the program, the backrest returns to the sitting
position. At the same time that the chair is rocking in
a linear direction, the PwD perceives the automatic
relaxation music along with tactile stimulation on the
back.

Study design

This was a 16-week randomized, parallel,
single-blind, controlled, clinical trial (RCT). After
assessments for eligibility PwD were randomly
assigned to two groups of equal size: a treatment
group that received three times a week one session per
day of 20 min in the Relax Program of the NSC and
a control group that did not participate in the activity
mentioned for the treatment group, but received, at the
same time and duration, the care and activities that
were part of the daily routines of the center, including
group sessions of cognitive stimulation, training in
activities of daily living or communication training.

Based on the methodology used in previous stud-
ies, we consider that a frequency of three times per

week would be adequate to study the effect of the
NSC on BPSD [14–17]. A research team from the
Instituto Andaluz de Neurociencia (four neuropsy-
chologists and one psychiatrist) filled the outcomes
measures of the study results. They were blinded to
the group assigned to the patients. An anonymized
data base was generated. The safety of the interven-
tion was closely monitored by relying on continuous
supervision of the intervention by skilled nurse assis-
tants. During the treatment session, the nurse assistant
remained next to the PwD, ensuring that the user
was safe, relaxed, and comfortable while seated in
the NSC.

The 16-week study extension included a first 2-
week pre-intervention phase followed by a second
12-week intervention phase with the use of the NSC
and a third 2-week post-intervention phase with-
out receiving NSC. Given the duration of the study
we chose time points for assessment according to
a reasonable sequence: at pre-intervention phase
(baseline, Time 0), at mid-intervention phase (week
8, Time 1), at the end of the intervention phase
(week 14, Time 2), and two weeks after comple-
tion of the intervention phase to check if the NSC
effect continued (week 16, Time 3). A schematic
chart of the assessment schedule is shown in
Fig. 2.

Upon entry into the study, PwD who met the inclu-
sion criteria were randomized to the treatment group
or the control group. Randomization was carried out
by blocks generating random numbers with repeti-

Fig. 2. NSC Study Assessments Schedule. NSC, Nordic Sensi® Chair; PreT, pre-treatment phase; T, treatment phase; PosT, post-treatment
phase; NPI-NH, Neuropsychiatric Inventory-Nursing Home; CMAI, Cohen Mansfield Agitation Inventory; CSDD, Cornell Scale for Depres-
sion in Dementia; S-MMSE, Severe Mini Mental State Examination; QUALID, Quality of Life in Dementia Scale; BANS-S, Bedford
Alzheimer Nursing-Severity Scale; NPI-NH-OD, Neuropsychiatric Inventory-Nursing Home Occupational Disruptiveness.
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tion, one per block. Randomization numbers were
assigned sequentially for all study participants.

Intervention

In both nursing homes, the treatment was car-
ried out on weekdays, during the day shift. The
chairs were placed in a room intended exclusively
for the treatment sessions. To facilitate confidence
and adherence with intervention, PwD were always
introduced to the chair by the same nurse assistant.
To facilitate the adaptation to the therapeutic process,
participants were carefully introduced to the chair,
e.g., just suggesting them sit down the first time,
carefully rock the second time, start of the full pro-
gram session the third time. Each PwD had their own
schedule of rocking chair use throughout the study.

Ethics approval and consent to participate

The study protocol was approved by the Málaga
Research Ethics Committee (Approval number:
03/2022ICPS3). This study is registered on Clini-
calTrials.gov with the identifier NCT05706792 on
January 31, 2023. A written informed consent was
signed by PwD who were able to give or their legal
representative. Informed consent was also requested
from care staff who participated in the study. The
study followed the ethical standards adopted by the
Declaration of Helsinki in its latest version (Fort-
aleza, Brasil, 2013) and was conducted in accordance
with the standards of Good Clinical Practice, as
described in the Tripartite Harmonized Standards of
the International Conference on Harmonisation for
Good Clinical Practice 1996.

Outcomes

The primary efficacy measure was the Neuropsy-
chiatric Inventory-Nursing Home (NPI-NH) [28] that
is an instrument to be used by the nursing staff
to evaluate neuropsychiatric symptoms in PwD in
the nursing home setting. The NPI-NH is com-
posed of 12 domains that rate the most frequent
BPSD in dementia patients (delusions, hallucina-
tions, agitation, depression, anxiety, euphoria, apathy,
disinhibition, irritability, aberrant motor behavior,
sleep disturbances, and appetite changes). If a symp-
tom was present during the previous month, each
item was scored for frequency (range 0–4) and sever-
ity (range 0–3) and transformed to a total composite
score (frequency x severity, range 0–12). We cal-

culated the total NPI-NH score as the sum of total
composite scores (range 0–144). Higher scores indi-
cate more severe BPSD. For the purposes of this
study, total score on the NPI-NH and the 12 domains
were considered as primary efficacy measures. In
this study the NPI-NH had an internal consistency
of Cronbach’s � of 0.67. The internal consistency of
NPI-NH domains were between 0.87 and 0.41. The
agitation and apathy domains had the highest scores
of internal consistency, with 0.87. Sleep disturbances
obtained the lowest score with 0.41.

Secondary efficacy measures were Cohen-
Mansfield Agitation Inventory (CMAI) [29] and
Cornell Scale for Depression in Dementia (CSDD)
[30]. The CMAI is composed of 30 items that form
four subscales: psychically aggressive behaviors,
non-psychically aggressive behaviors, verbally
aggressive behaviors, and non-verbally aggressive
behaviors. The CMAI also includes the frequency
and the severity of the agitation-correlated behaviors
and allows to quantify the agitated behaviors in
a continuous measure, which is sensitive to the
changes. Cronbach’s � for the CMAI was found to
be 0.86 for this study.

The CSDD is a 19-item semi structured interview
designed to assess depression in PwD with scores
above 10 indicating a possible depression and scores
above 18 suggesting a definitive depression. In this
study the CSDD had high internal consistency of
0.84.

Likewise, an assessment of cognitive functions,
functional capacity, and quality of life (QoL) of
PwD was carried out using the Severe Mini-Mental
State Examination (S-MMSE) [31], the Bedford
Alzheimer Nursing-Severity Scale (BANS-S) [32],
and the Quality of Life in Late-stage Dementia
(QUALID) [33]. The S-MMSE assesses the cognitive
deterioration in advanced dementia. It is composed
of 10 items and the score can reach 30 points. The
S-MMSE had a high reliability according with a
Cronbach’s � = 0.88 for this study. The BANS-S con-
sists of 7 items with 4 categories that enables to
discriminate changes in advanced phases of demen-
tia. The score ranges from 7 (no impairment) to 28
(total impairment). It assesses the PwD ability to
perform three daily activities (dressing, eating and
mobility), their ability to speak, their ability to main-
tain visual contact, the regularity of their sleep-wake
cycle and the state of their muscles. The BANS-S had
a Cronbach’s � = 0.81.

The QUALID is rated by the care staff who has had
significant contact with the patient over the previous
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week and consists of 11 items and evaluates three
domains: affective state, comfort, and basic activities
of life. Score ranges from 11 to 55, with lower scores
being the highest quality of life. The scale had high
internal consistency with a coefficient alpha of 0.80
for this study.

Finally, the assessment of occupational distress
for the care staff was carried out by means of
the Occupational Disruptiveness subscale of the
Neuropsychiatric Inventory-Nursing Home (NPI-
NH-OD). It assesses the grade of self-reported
professional care staff burden. Care staff rates the
extent to which each of the 12 behaviors disrupts them
and/or generate more work. Score ranges from 0 to
5 points (from not at all to very severely). We calcu-
lated the total NPI-NH-OD score (range 0–60). The
NPI-NH-OD subscale had an internal consistency of
� = 0.68.

Statistical analysis

Demographic variables were reported using the
mean, standard deviation in the case of quantitative
variables; and number and percentage for qualitative
variables. Baseline differences between the two treat-
ment groups were assessed by an analysis of variance
(ANOVA) or nonparametric tests, as appropriate.

A Mixed Effects Model Analysis for Repeated
Measurements (MMRM) was carried out in order
to evaluate changes in neuropsychiatric, cognitive,
and functional scores and to handle missing values
in some of the follow-up assessments. The effect of
time (between the mean baseline measurements and
each time point), treatment and interaction between
time and treatment were evaluated. The change scores
at Time 1 and at Time 2 and the mean change
scores differences within and between groups were
calculated from the MMRM. All analyses were con-
trolled for demographic and clinical characteristics
that approached significance on univariate analysis.
Post hoc analyses for multiple comparisons were
conducted using Bonferroni´s correction. Cohen’s d
standardized effect sizes were calculated and defined
as small d = 0.20, medium d = 0.50 and large d = 0.80
[34]. The main efficacy analysis was based on the
Modified Intent-to-Treat (mITT) population using a
Last Observation Carried Forward (LOCF) imputa-
tion. This mITT-LOCF population was pre-defined as
all randomized PwD who received at least one week
of the Nordic Sensi® Chair treatment and had a base-
line and at least one post-baseline assessment for the
primary efficacy variable on treatment.

MMRM analysis did not include the two weeks
post-intervention data. After completion of the 12
weeks of intervention period, Student’s t-test was
used to compare within-group mean score differences
at Time 2 and Time 3.

Statistical analyses were carried out using the Sta-
tistical Package for the Social Sciences Software
(SPSS 25.0, IBM Corporation, Armonk, NY, USA)
and the significance level was set at 0.05. For MMRM
analyses of the primary efficacy measure a signifi-
cance level of p ≤ 0.004 was considered significant.

RESULTS

Demographic and baseline scores

Eighty-eight PwD were entered into the study and
were randomized. In the first week of the interven-
tion phase, 2 participants dropped out because of
occasional dizziness that worsened when sitting in
the chair and 3 refused to continue with the study
because they did not enjoy sitting in the NSC. Six
other participants died before the first post-baseline
assessment. The mITT-LOCF population comprised
77 PwD, all of whom completed the 12-week inter-
vention phase (Fig. 3). Of these 77 PwD (65 female,
12 male), 40 (52%) were in the treatment group (37
female, 92.5%), and 37 (48%) were in the control
group (28 female, 75.7%). PwD had a mean age of
81.77 ± 8.69 years (range 47–102) with median of
82 years and mean years of education of 7.31 ± 3.24
(range 6–18). All participants were Caucasian. The
main efficacy analysis did not include the 2-week
post-intervention period.

At baseline, there were no statistically signifi-
cant differences between the two groups for the
demographic and clinical variables except for sex
(women, 84.4%, p = 0.042) and anxiolytic use (ben-
zodiazepines; higher in the control group, 67.6% than
in the treatment group, 32.5%, p = 0.002) (Table 1).
No deaths or serious adverse events occurred dur-
ing the study. Care staff informed that NSC was well
accepted and tolerated with no differences through
different stages of GDS.

The most common cause of dementia was AD (46
participants, 59.7%) followed by vascular demen-
tia (7 participants, 9.1%), frontotemporal dementia
(3 participants, 3.9%), Lewy body dementia (2
participants, 2.6%), and other types of dementia
(19 participants, 24.7%). There were no statisti-
cally significant differences between the treatment
group and the control group for dementia diag-
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Fig. 3. Flowchart of patients participating in the study.

noses (χ2 = 3.560, p = 0.469) or severity of dementia
(χ2 = 4.240, p = 0.375). Neuropsychological, neu-
ropsychiatric, and functional performance of patients
at baseline is shown in Table 2.

Primary efficacy measure

Results from the MMRM for both groups
are presented in Table 3. The MMRM anal-
ysis showed a statistically significant time by
treatment effect for NPI-NH total score (F(1,
75) = 5.523, p = 0.022), agitation (F(1, 75) = 0.817,
p = 0.002), apathy (F(1, 75) = 3.931, p = 0.013), dis-
inhibition (F(1, 75) = 3.704, p = 0.021), irritability
(F(1, 75) = 5.115, p = 0.027), aberrant motor behav-

ior (F(1, 75) = 2.431, p = 0.039), and euphoria (F(1,
75) = 3.817, p = 0.026). The MMRM displayed the
same significant results with and without sex and
benzodiazepines adjustment.

The NSC group performed better than the
control group at Time 2 in the NPI-NH total
score (mean change score –18.87 ± 5.56 versus
–1.74 ± 0.67, p = 0.004), agitation (mean change
score –2.32 ± 2.02 versus –0.78 ± 1.44, p = 0.003),
and irritability (mean change score –3.35 ± 2.93
versus –1.42 ± 1.31, p = 0.004) and showed an
improvement already at Time 1 in all of them. The
NSC group performed better than the control group at
Time 1 in euphoria (mean change score –1.43 ± 2.18
versus 0.23 ± 0.89, p = 0.004), apathy (mean change
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Table 1
Demographic and clinical characteristics of PwD at baseline

Variable Overall (n = 77) NSC group (n = 40) Control group (n = 37) p

Age 81.77 ± 8.69 82.58 ± 8.10 80.89 ± 9.32 0.402
Sex

Female 65 (84.4) 37 (92.5) 28 (75.7)
Male 12 (15.6) 3 (7.5) 9 (24.3) 0.042

Education, y 7.31 ± 3.24 7.50 ± 3.46 7.11 ± 3.02 0.599
Dementia duration, months 105.80 ± 93. 96.89 ± 40.88 115.40 ± 129.20 0.499
Marital status

Married 12 (15.6) 6 (15) 6 (16.2)
Single/divorced 14 (18.2) 6 (15) 8 (21.6)
Widowed 51 (66.2%) 28 (70) 23 (62.2) 0.832

GDS
4 8 (10.4) 4 (10) 4 (10.8)
5 15 (19.5) 6 (15) 9 (24.3)
6 35 (45.5) 17 (42.5) 18 (48.6)
7 19 (24.7) 13 (32.5) 6 (16.2) 0.375

Hypertension 48 (62.3) 23 (57.5) 25 (67.6) 0.362
Diabetes mellitus 10 (13) 3 (7.5) 7 (18.9) 0.136
Dyslipidemia 18 (23.4) 10 (25.0) 8 (21.6) 0.946
Obesity 3 (3.9) 3 (7.5) 0 (0.0) 0.089
Smoking 1 (1.3) 1 (2.5) 0 (0.0) 0.333
Psychiatric history 30 (39) 18 (45) 12 (32.4) 0.379
Family history of dementia 5 (6.5) 4 (10) 1 (2.7) 0.389
Ongoing medication

AChEI 14 (18.2) 6 (15) 8 (21.6) 0.404
Memantine 21 (27.3) 13 (32.5) 8 (21.6) 0.456
AChEI+Memantine 18 (23.4) 11 (27.5) 7 (18.9) 0.462
Antidepressants 51 (66.2) 25 (62.5) 26 (70.3) 0.441
Benzodiazepines 38 (49.40) 13 (32.5) 25 (67.6) 0.002
Neuroleptics 41 (53.2) 20 (50) 21 (56.8) 0.553
Hypnotics 28 (36.4) 14 (35) 14 (37.8) 0.796

Values are mean ± SD or number (%). Independent samples t-test were used for continuous data and χ2 on categorical data. PwD, people
with dementia; NSC, Nordic Sensi® Chair; GDS, Global Deterioration Scale; AChEI, acetylcholinesterase inhibitors.

Table 2
Neuropsychological, neuropsychiatric, and functional performance of PwD at baseline

Variable Overall (n = 77) NSC group (n = 40) Control group (n = 37) p

NPI-NH total score (0–144) 23.81 ± 22.19 24.70 ± 25.23 22.84 ± 18.65 0.712
NPI-NH subscores (0–12)
Delusions 1.70 ± 2.89 1.69 ± 2.76 1.70 ± 3.06 0.988

Hallucinations 0.96 ± 2.36 1.20 ± 2.94 0.70 ± 1.48 0.348
Agitation 3.18 ± 3.74 2.88 ± 3.78 3.51 ± 3.71 0.458
Depression 1.37 ± 2.43 1.36 ± 2.62 1.38 ± 2.24 0.972
Anxiety 2.12 ± 2.83 2.30 ± 3.20 1.92 ± 2.38 0.554
Euphoria 1.12 ± 2.41 1.48 ± 2.88 0.73 ± 1.72 0.170
Apathy 3.58 ± 4.16 4.18 ± 4.26 2.95 ± 4.02 0.198
Disinhibition 2.14 ± 3.45 2.43 ± 3.89 1.84 ± 2.92 0.454
Irritability 3.04 ± 3.30 3.53 ± 3.67 2.51 ± 2.80 0.177
Aberrant motor behavior 1.68 ± 3.35 1.48 ± 3.35 1.89 ± 3.39 0.589
Sleep disturbances 1.62 ± 3.00 1.13 ± 2.41 2.17 ± 3.50 0.140
Appetite changes 1.30 ± 2.87 1.05 ± 2.16 1.57 ± 3.50 0.442

NPI-NH-OD 11.76 ± 12.10 11.53 ± 13.61 12.05 ± 10.43 0.867
CSDD 9.77 ± 6.59 9.89 ± 7.29 9.65 ± 5.88 0.873
CMAI 51.08 ± 25.17 51.64 ± 26.06 50.49 ± 24.54 0.843
BANS-S 17.44 ± 4.68 17.97 ± 4.63 16.86 ± 4.72 0.307
QUALID 25.37 ± 8.14 25.03 ± 8.02 25.73 ± 8.35 0.709
S-MMSE 9.52 ± 8.74 8.58 ± 9.07 10.61 ± 8.36 0.331

Values are mean ± SD, Independent samples t-test were used for continuous data. NSC, Nordic Sensi® Chair; NPI-NH, Neuropsychiatric
Inventory-Nursing Home; NPI-NH-OD, Neuropsychiatric Inventory-Nursing Home Occupational Disruptiveness; CSDD, Cornell Scale for
Depression in Dementia; CMAI, Cohen Mansfield Agitation Inventory; BANS-S, Bedford Alzheimer Nursing-Severity Scale; QUALID,
Quality of Life in Dementia Scale; S-MMSE, Severe Mini-Mental State Examination; PwD, People with Dementia.
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Table 3
Results from the mixed effects model analysis for repeated measurements

NSC group (n = 40) Control group (n = 37) Between-group differences in mean change score
Variable Mean change score from baseline Mean change score from baseline

at T1 at T2 p #d at T1 at T2 p #d at T1 p #d at T2 p d

NPI-NH –16.89 (9.65) –18.87 (5.56) 0.003 0.25 0.25 (0.12) –1.74 (0.67) 0.457 –17.14 0.001 0.56 –17.13 0.004 0.61
Delusions –0.96 (1.51) –1.63 (1.52) 0.004 0.44 0.02 (0.21) –1.08 (0.99) 0.351 –0.98 0.672 –0.55 0.398
Hallucinations –0.82 (1.33) –1.15 (1.42) 0.021 0.23 –0.08 (1.22) –0.54 (1.11) 0.860 –0.74 0.214 –0.61 0.662
Agitation –1.47 (1.41) –2.32 (2.02) 0.002 0.48 –0.45 (1.32) –0.78 (1.44) 0.452 –0.02 0.003 0.29 –1.54 0.003 0.37
Depression –0.87 (1.24) –0.95 (1.78) 0.399 –0.12 (0.89) –0.58 (1.42) 0.783 –0.75 0.429 –0.37 0.771
Anxiety –1.49 (1.67) –2.16 (2.68) 0.001 0.30 –0.38 (0.63) –0.86 (0.91) 0.429 –1.11 0.321 –1.30 0.449
Euphoria –1.43 (2.18) –1.40 (1.99) 0.002 0.10 0.23 (0.89) –0.56 (1.12) 0.785 –1.66 0.004 0.39 –0.84 0.126
Apathy –2.75 (1.89) –3.04 (2.78) 0.001 0.12 0.43 (0.82) –1.74 (1.96) 0.294 –3.18 0.004 0.43 –1.30 0.441
Disinhibition –2.12 (2.01) –2.03 (1.93) 0.01 0.05 0.19 (0.91) –0.94 (1.56) 0.632 –2.31 0.003 0.51 –1.09 0.167
Irritability –2.99 (2.11) –3.35 (2.93) 0.001 0.16 0.19 (0.22) –1.42 (1.31) 0.098 –3.18 0.001 0.45 –1.93 0.004 0.49
Aberrant motor behavior –1.14 (1.99) –0.80 (1.87) 0.477 0.61 (1.76) –0.68 (1.98) 0.611 –1.75 0.003 0.20 –0.12 0.662
Sleep disturbances –1.05 (2.02) –1.09 (2.24) 0.221 –0.61 (1.96) –1.44 (2.22) 0.057 –0.44 0.558 0.35 0.621
Appetite changes –0.78 (1.89) –0.16 (1.12) 0.679 0.46 (1.67) 0.03 (1.01) 0.669 –1.24 0.556 –0.19 0.278
CSDD –2.47 (2.49) –5.74 (5.22) 0.022 0.46 0.38 (0.22) –4.40 (3.34) 0.080 –2.85 0.662 –10.14 0.941
CMAI –12.79 (6.11) –17.72 (8.23) 0.001 0.68 5.54 (3.31) –6.70 (3.02) 0.571 –18.33 0.001 0.46 –11.02 0.002 0.44
NPI-NH-OD –6.45 (4.21) –9.67 (7.67) 0.001 0.52 –0.56 (0.48) –7.66 (6.08) 0.055 –5.89 0.001 0.18 –2.01 0.003 0.21

The results displayed are adjusted for sex and benzodiazepines use. Values are mean (standard deviation); d, Cohen’s d effect size; #d, effect size from T0 to T2. NSC, Nordic Sensi® Chair; NPI-NH,
Neuropsychiatric Inventory-Nursing Home; CSDD, Cornell Scale for Depression in Dementia; CMAI, Cohen Mansfield Agitation Inventory; NPI-NH-OD, Neuropsychiatric Inventory-Nursing
Home Occupational Disruptiveness.
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Fig. 4. Mean changes from baseline as estimated by the mixed model. NSC, Nordic Sensi® Chair; NPI-NH, Neuropsychiatric Inventory-
Nursing Home; AMB, Aberrant motor behavior; CMAI, Cohen Mansfield Agitation Inventory; NPI-NH-OD, Neuropsychiatric Inventory-
Nursing Home Occupational Disruptiveness.

score –2.75 ± 1.89 versus 0.43 ± 0.82, p = 0.004),
disinhibition (mean change score 2.12 ± 2.01 versus
0.19 ± 0.91, p = 0.003), and aberrant motor behavior
(mean change score –1.14 ± 1.99 versus 0.61 ± 1.76,
p = 0.003) (Fig. 4).

Concerning the within-group changes, NPI-NH
mean change score and mean change scores for delu-
sions, hallucinations, agitation, anxiety, euphoria,
apathy, disinhibition, and irritability showed sta-
tistically significant differences at the end of the
intervention period (Time 2) from baseline. There
were no statistically significant differences in each
of these variables when comparing mean scores at
Time 2 and Time 3 (Table 3).

Secondary efficacy measures

Regarding the CMAI, the MMRM analysis showed
a statistically significant interaction effect between
time and treatment (p = 0.021). The NSC group per-
formed better than the control group at Time 2 (mean
change score –17.72 ± 8.23 versus –6.70 ± 3.02,
p = 0.002) and showed an improvement already at
Time 1 (Fig. 4). The NSC group showed a statistically
significant difference at the end of the interven-
tion period (Time 2) from baseline. There was no
significant difference in CMAI in the NSC group
when comparing mean scores at Time 2 and Time
3 (Table 3).
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The MMRM analysis showed no statistically sig-
nificant interaction effect between time and treatment
for the CSDD (F = 1.071, p = 0.304). There were
no significant differences between-groups. The NSC
group showed a statistically significant difference
at the end of the intervention period from baseline.
There was no significant difference in CSDD in the
NSC group when comparing mean scores at Time 2
and Time 3 (Table 3).

Cognitive performance, functional status, and
quality of life

With regard to the S-MMSE neither the NSC group
(mean change score 5.59 ± 5.66 versus 7.43 ± 8.17,
p = 0.812) nor the control group (mean change score
6.67 ± 9.28 versus 10.61 ± 7.34, p = 0.443) showed
statistically significant differences at the end of
the treatment period from baseline. Concerning the
BANS-S the NSC group showed statistically signifi-
cant improvement at the end of the intervention period
from baseline (mean change score 15.62 ± 6.01 ver-
sus 17.97 ± 4.92, p = 0.05). There was no significant
difference in BANS-S in the NSC group when com-
paring mean scores at Time 2 and Time 3 (p = 0.263).
In regard to the QUALID the NSC group showed a
statistically significant improvement at the end of the
treatment period from baseline (mean change score
19.59 ± 8.77 versus 25.83 ± 8.12, p = 0.003). There
was no significant difference in QUALID in the NSC
group when comparing mean scores at Time 2 and
Time 3 (p = 0.467).

Occupational disruptiveness

Concerning the NPI-NH-OD, the MMRM analy-
sis showed a statistically significant interaction effect
between time and treatment (p = 0.042). The NSC
group performed better than the control group at
Time 2 (mean change score –9.67 ± 7.67 versus
–7.66 ± 6.08, p = 0.003) and showed an improvement
already at Time 1 (Fig. 4). The NSC group showed
a statistically significant difference at the end of the
intervention period from baseline (Table 3). There
was no significant difference in NPI-NH-OD in the
NSC group when comparing mean scores at Time 2
and Time 3 (Table 3).

DISCUSSION

This study was performed to explore the efficacy
of the NSC in the treatment of BPSD in nursing home

residents with moderate and severe dementia, primar-
ily of the Alzheimer’s type. The treatment with the
NSC was well tolerated and was associated with a
beneficial effect on overall BPSD. PwD treated with
the NSC showed statistically significant superiority
on the NPI-NH over PwD in the control group.

The NSC showed benefits in most of BPSD.
Notably, its use yielded significant benefit regarding
agitation, apathy, irritability, disinhibition, aberrant
motor activity, and euphoria over the 12-week of
treatment. Consistent with the significant reduction in
the NPI-NH agitation domain score, we also found a
significant decrease in the CMAI score. Importantly,
the NPI-NH-OD total score improved significantly
in the treatment group. In addition, our findings also
showed significant improvement in the residents´
functional status and quality of life over 12 weeks.

Previous studies have highlighted that the use of
a rocking chair has potential benefits in the treat-
ment of BPSD, while demonstrating a very low risk
of harm [14–16]. The efficacy in improving the psy-
chological well-being and balance using a platform
rocking chair was examined in 25 PwD admitted
to nursing homes for 6 weeks [14]. PwD showed
small improvements in depression, anxiety and pain
medication use but found no improvement in agi-
tation. In a quasi-experimental, repeated-measures
design study [15] the effects of a glider swing on
emotions, relaxation, and aggressive behaviors in a
group of 30 nursing home residents with dementia
were evaluated for 10 days. The glider intervention
significantly improved emotional state and aggres-
sive symptoms were observed to decrease from the
beginning of treatment until after the end of treatment.
More recently, in a single-case study [16], performed
using a mixed-methods approach, six PwD in a nurs-
ing home setting used the NSC for a mean number
of five times per week, for eight weeks in total. The
results indicated a decrease in BPSD symptoms and
increased quality of life upon using the NSC.

Therefore, based on our findings and those pro-
vided by early studies, a potential therapeutic role of
the NSC in the treatment of dementia BPSD based
on its ability to offer patients, in an integrated way, a
sensory experience that brings the benefits of music
therapy, therapeutic tactile stimulation, vestibular
stimulation, multi-sensory stimulation and relaxation
should be considered. Although less and less fre-
quently, sometimes PwD, especially those who are
institutionalized, may be in a situation of sensory
deprivation or, conversely, exposed to excessive envi-
ronmental stimulation, which may contribute to their
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experiencing a sense of intrapsychic discomfort, thus
favoring the onset of BPSD such as agitation, anxiety
or irritability [35, 36]. Therefore, interventions with
residents should facilitate the achievement of a bal-
ance between stimulation and sensory calm [12]. In
this sense, procedures that favor multisensory stimu-
lation such as the NSC are a very appropriate option
in these patients and can contribute to achieve a relax-
ing and stimulating environment at the same time
[37, 38].

As care staff stated the NSC was considered an
affordable, easy to use, nonlabour intensive inter-
vention in the care of PwD. When care staff was
asked to what extent the use of the NSC helped
them, most believed that it improved the quality
of care, freed up staff time and contributed to a
calmer and more pleasant environment for every-
one. Care staff in the treatment group benefited from
the behavioral improvement that patients experienced
and reported less occupational disruptiveness on NPI-
NH-OD scores than staff in the control group. This is
consistent with research showing the relevant role that
the presence of BPSD has on the burden of nursing
home staff [39, 40].

In the same line, to evaluate caregiver opinion,
a multicenter survey was conducted among long
term care facilities in several European countries.
Care staff reported their opinion of the utility of the
NSC in the management of BPSD. Most respondents
believed that the quality of care provided improved,
they had more time for care and helped create a calmer
environment and patient friendly [17].

Interestingly, PwD in the NSC group showed
significant improvement in functional capacity and
quality of life as measured by the BANS-S and
QUALID at 14-week follow-up. Quality of life is dif-
ficult to measure in PwD, but it is believed to be
influenced, among others factors, by the presence
of BPSD [41]. These benefits could be related to
the long-term intervention and person-centered ther-
apeutic process developed in this study, which better
matching specific interventions to specific individu-
als. Applying this multisensory approach based on
the specific stimuli offered by the NSC and accom-
panying support from the dedicated nurse assistant
enhances the personalization of interventions for
participants and increases the chance of efficacious
findings. The specific stimuli offered by the NSC and
developed through individualized care in feasible and
structured sessions were well accepted, with no nega-
tive effects. This is in line with other results showing
that person-centered interventions show effects on

reducing BPSD and improving quality of life in
dementia care [42, 43].

When considering the results of an intervention,
it is important to consider not only statistically sig-
nificant improvements but also clinically significant
efficacy. For this purpose, it is necessary to compare
the observed changes with differences that are consid-
ered clinically relevant. For clinical trials in dementia
of the Alzheimer’s type, it has been assumed that dif-
ferences as small as 4.5 points on the NPI-NH [44] are
clinically relevant. In our study, average differences
that we observed on NPI-NH over the 12 weeks study
period exceeded this clinically relevant difference
(mean difference within group = –19.92 points and
mean difference between groups = –16.28 points). In
addition, the magnitude of the observed effect on
BPSD could be contextualized using standardized
effect sizes. In line with this, the clinical relevance
of the significant effect of the NSC on behavioral test
scores could be supported by the magnitude of the
between group effect sizes with a median Cohen’s d
of 0.51.

A strength of this work compared to previous stud-
ies was the higher number of PwD evaluated and
its design as a RCT. In addition, the participants in
the study underwent a comprehensive behavioral and
functional evaluation with widely used outcome mea-
sures focused on reducing observation bias. However,
here are also some limitations that should be consid-
ered. This study was carried out in two sites and,
therefore the generalization of its findings to other
settings and PwD should be interpreted with caution.
Although the research team was blinded to the group
assigned to the PwD, the outcome measures were
obtained from care staff who were not completely
blinded to the intervention. As a result, although
much effort was put into mitigating bias, it is neces-
sary to consider the possible bias from the care staff
when report BPSD. It was not feasible for the staff
members to be completely unaware of the experimen-
tal condition of the PwD, and this could have biased
the ratings on the evaluation instruments. Although
care staff was not present during the treatment deliv-
ery they could have received anecdotal information
from other staff members.

Another potential source of bias comes from
the assessment of all outcome measures that were
answered by the care staff. A critical point about
person-centered approaches is that interventions tar-
geting BPSD should be tailored to each individual and
circumstances, which change and possibly reflect dif-
ferent unmet needs over time. In fact, tailoring music
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to individual preferences seems to be more effec-
tive at reducing BPSD (e.g., agitation) than applying
generic classical or relaxation music. It should also
be noted that the application of this approach may
provide more specific, but less generalizable, results.
Finally, we acknowledge the potential for assessment
bias, as PwD (and even staff members) got more
attention to themselves throughout the intervention
period, i.e., Hawthorne Effect.

Conclusions

These results may have clinical significance in
choosing non-pharmacological therapies for BPSD
in PwD. The reduction in overall BPSD along with
decreased in caregiver occupational disruptiveness
and improved quality of life for residents suggest
that the NSC represents an encouraging new non-
pharmacological approach to improving BPSD of
nursing home residents with dementia. The results
suggest that NSC is an intervention with poten-
tial interest for use in nursing homes as part of
the PwD care plan. This study should inspire the
design of future long-term randomized controlled tri-
als that contribute to supporting the use of the NSC as
a non-pharmacological person-centered intervention
for improving BPSD in PwD in nursing homes.
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