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Abstract: Physical exercise can help older people maintain capacities such as muscle strength, balance,
postural control, bone mass, and functionality in ADL that usually decline with age. Dementia pa-
tients can attend day care centers where they participate in activities such as cognitive training, music
and art therapy, and physical exercise sessions. This research aimed to determine the effectiveness
of simple lower limb strength and single leg stance training, feasible in the facilities of day care
centers, to reduce the risk of falls in the elderly with dementia. Twenty patients with dementia were
divided into intervention and control groups. They participated in mobility, strength, coordination,
and balance exercise sessions for 45–50 min on weekdays for 5 weeks. In addition, the intervention
group patients performed simple lower limb strength (sit-to-stands) and single leg stance exercises in
every session. Risk of falls was assessed with the Tinetti test and the SPPB. Comparisons of post- and
pre-intervention scores for the Tinetti test and SPPB were statistically increased (0.8 ± 0.7, p = 0.03;
1.5 ± 1.3 points, p = 0.02) in intervention patients. Simple lower limb strength and single leg stance
exercises feasible to be done in day care facilities are effective tools for reducing the risk of falls in the
elderly with dementia.
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1. Introduction

The increase in life expectancy involves the rise in incidence of geriatric syndromes
that affect people in both their quality of life and independence [1]. With aging, people’s
physical and cognitive functions are reduced, favoring the appearance of age-related
deficits. Aging and age-related impairments affect the neuromuscular system, producing
a loss of muscle strength and muscle mass. This occurs to a greater extent after 60 years
of age [2]. Thereby, the loss of muscular strength is a prevalent condition in old age since
it decreases with advancing years, making an 80-year-old person have 40% less muscle
strength than a 20-year-old. This decrease in muscle strength is associated with a reduction
in walking speed and an increase in disability and in the risk of falls in older people [3].

In addition to physiological changes associated with normal aging, we can find others
associated with pathological aging, for example, those linked to cognitive impairment.
Dementia is a neurodegenerative disease characterized by various cognitive and behavioral
symptoms such as memory and communication loss, personality changes, reasoning
problems, and difficulty performing activities of daily living (ADL) [4]. This cognitive
impairment produces an increased risk of falls, with the rate of falls being two times higher
in people with dementia compared to older people without cognitive impairment [5]. The
reason why the risk of falls increases in people with dementia is not completely known [6].
Some risk factors that have been associated with increased risk of falls in elderly patients
with dementia are changes in the periventricular white matter, silent cerebral infarcts,
behavioral problems in relation to the rejection of necessary external help, wandering, and
the consumption of neuroleptic drugs [7]. Falls are the leading cause of injury and mortality
in older people with dementia, as well as the main reason for the loss of independence,
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having a significant impact on the functional capacity of people, on the burden of their
caregivers, and on their quality of life. For this reason, researchers and experts have
included assessments of physical performance and functional status in the initial clinical
examination of the elderly [8].

To reduce the risk of falls, physical exercise has shown to be effective. Physical in-
activity is a highly relevant factor in the decline of functions, having a significant impact
on loss of balance control [2]. Through exercise, it has been proven that older people can
maintain or restore capacities such as muscle strength, balance, postural control, bone mass,
and functionality in ADL. The influence of exercise and leisure activities on the risk of
falls is supported by various studies, where, above all, multicomponent programs stand
out [2,9,10]. People with dementia can attend day care centers where they participate in
activities such as cognitive training, music and art therapy, and physical exercise sessions.
Guiding a group exercise session for people with dementia can be challenging because of
their cognitive impairment and their behavioral disturbances, among others. Moreover,
in elderly day care centers (especially in non-governmental organizations (NGOs) such as
associations of relatives of patients with dementia), the ratios of individuals per physio-
therapist are high, and exercise equipment is usually scarce. This is the reason why it is
necessary to investigate if simple exercises that can safely be included in group exercise ses-
sions are effective in reducing the risk of falls in people with dementia. Various tools have
been described to evaluate functional ability including the Tinetti performance-oriented
mobility assessment (POMA), also called the Tinetti mobility test (TMT) [11], and the short
physical performance battery (SPPB) [12]. The TMT is a valid and reliable clinical test to
measure the balance and gait, two aspects that are related to the incidence and prediction of
falls [11]. The SPPB test is mainly used to assess the physical performance of older people.
It is based on three subtests where balance, walking speed, and transfers are measured.
Obtaining low scores on these subtests may indicate different health consequences such as
disability in ADL, increased probability of hospitalization, and in the worst case, death. The
SPPB has a high predictive value of the risk of disability in hospitalized patients and high
reliability for its use in elderly populations, since its sensitivity to changes in functionality
over time has been confirmed [12].

This research work aimed to determine the effectiveness of simple lower limb strength
and single leg stance training, which would be feasible in the facilities of day care centers,
in reducing the risk of falls in people with dementia and to analyze whether sex, age, and
time since dementia diagnosis affect the effectiveness of the intervention.

2. Materials and Methods
2.1. Participants

Participants were recruited from day care centers of two associations of relatives
of patients with dementia from Murcia (Spain) (AFAMUR and AFADE). Twenty people
(65% women) were selected according to the following criteria: people over 60 years old
with dementia who did not need physical assistance for walking or standing, who were
able to follow instructions, and whose caregivers/relatives agreed to sign the informed
consent. People with acute or subacute musculoskeletal injuries that prevented them
from performing the proposed exercises were excluded. The 20 participants recruited
were divided into two groups of 10 people each, depending on the day care center they
attended. Subjects attending the day care center AFADE carried out the usual physical
exercise program (control group, CG) guided by a physical therapist, while patients from
the day care center AFAMUR underwent a therapeutic exercise program, also guided by a
physical therapist, based on two extra exercises in addition to the routine prior to the study
(intervention group, IG). In the IG, there were 6 women and 4 men, while in the CG, there
were 7 women and 3 men. Most participants in the study (18 of 20, 90%) had Alzheimer´s
disease (AD), and the rest (2 of 20, 10%) had another type of dementia (frontotemporal
dementia and mixed dementia, both from the intervention group). The intervention lasted
5 weeks and was carried out in January and February 2022.
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2.2. Physical Exercise Intervention

Dementia patients from both experimental groups (IG and CG) participated for
45–50 min from Monday to Friday in a basic physical exercise program consisting of
mobility, strength, coordination, and balance exercises. In addition, IG patients performed
simple lower limb strength (sit-to-stand) and single leg stance exercises in every session.
Concretely, in the first week of intervention, they did 10 s of sit-to-stands followed by 10 s
of rest for 4 min; in the second week, they performed 15 s of sit-to-stands and 10 s of rest
for 4 min; and from weeks three to five, the exercise period was 20 s (and 10 s of rest) for
4 min. They also completed in every session 1 min of single leg stance (changing foot every
10 s), during which they were allowed to hold onto a chair with one hand if they needed to.
In CG patients, these two exercises (sit-to-stands and single leg stance) were not included
in the routine.

2.3. Data Collection and Analysis Instruments

At the beginning of the study, prior to the start of the exercise intervention, we
collected these data: sex, age, weight and height, type of dementia, and the years that
had passed since the diagnosis of the dementia. Performance in ADL was measured by
means of the Barthel index [13]. Besides that, two assessments were performed to evaluate
functional ability: a first assessment was made before the start of the exercise intervention
(pre-intervention assessment), and a second assessment was performed the week after the
end of the exercise intervention (post-intervention assessment).

In both pre- and post-intervention assessments, we evaluated the risk of falls by
measuring the TMT and SPPB scores. In the TMT, we evaluated two subscales; one for
balance, with items for sitting balance, attempt to lift and lift, normal and prolonged
standing balance, normal and sensitized Romberg, and 360◦ turns and sitting that added
up to an amount of 16 points; and another one for gait, with the items for movement of
ambulation, trunk oscillation, and trajectory and characteristics of the step (length, height,
symmetry, and continuity of steps), with a sum that reached 12 points. Total scores between
25 and 28 points were considered low risk of falls, between 19 and 24 points moderate risk,
and below 19 points high risk [9]. In SPPB, we performed three tests: balance, gait speed,
and lower limb strength and endurance. The first one consisted of maintaining balance for
10 s with feet together in a semi-tandem position and in tandem; in the second test, we
measured the time it takes to walk 4 m at normal speed; in the last test, they performed
transfers from sitting to standing and vice versa 5 times in the shortest possible time with
their arms crossed. Up to 12 points could be obtained. In the case of obtaining less than
10 points, we considered it high risk of falls and disability [10]. Values over or below two
standard deviations from the mean were discarded as outliers.

2.4. Data and Analysis

All data were saved using Excel (Microsoft Corporation, Redmond, WA, USA) for later
analysis with SPSS version 21 (SPSS Inc., Chicago, IL, USA). The Shapiro–Wilk normality
test was used to determine whether the data followed a normal distribution. For data
with a normal distribution, we used Student’s t-test to compare the results obtained in the
different groups and the paired t-test to see the evolution of the groups over time. For
data without a normal distribution, the Mann–Whitney U test was applied. When two
matched samples were compared, the Wilcoxon test was used. With the chi-squared test,
we analyzed the correlation between sex and results of the tests. For the correlation between
age, years since the diagnosis, and test scores, we used Pearson’s correlation coefficient. All
results are expressed as mean ± standard deviation (SD).

2.5. Ethical Considerations

The caregivers/relatives of the participants gave their informed consent in writing
for the subjects to participate in the study. The study was performed according to the
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declaration of Helsinki principles and was approved by the Ethics and Research Committee
of the University of Murcia (ID: 3661/2021).

3. Results
3.1. Participants’ Characteristics

To evaluate patients’ characteristics at the beginning of the study, before the exercise
intervention, we assessed anthropometric and clinic parameters as well as performance
in ADL in the participants from both experimental groups (IG and CG). No significant
differences were found between experimental groups, between sexes, or in terms of age,
body mass index (BMI), years since diagnosis, and the Barthel index score. These data and
statistical comparisons are shown in Table 1.

Table 1. Sample characteristics.

Parameter Group Sex Mean ± SD p Value Mean ± SD p Value

Age
(years)

IG
Men 71.0 ± 8.4

0.38 74.2 ± 8.9
0.70

Women 76.3 ± 9.3

CG
Men 76.0 ± 4.5

0.92 75.6 ± 7.4Women 75.4 ± 8.7

BMI (Kg/m2)
IG

Men 28.8 ± 3.3
0.41 30.4 ± 4.6

0.55
Women 31.4 ± 5.3

CG
Men 31.4 ± 5.1

0.27 29.2 ± 3.9Women 28.2 ± 3.3

Years since diagnosis
IG

Men 1.8 ± 1.7
0.42 2.5 ± 2.2

0.07
Women 3.0 ± 2.5

CG
Men 5.0 ± 2.0

0.50 4.3 ± 2Women 4.0 ± 2.1

Barthel index score
IG

Men 91.3 ± 7.5
0.88 89.5 ± 8.0

0.79
Women 88.3 ± 8.8

CG
Men 93.3 ± 2.9

0.78 91.0 ± 5.16Women 90.0 ± 5.8

Patients’ data and the comparisons between sexes (men vs. women) and groups (IG vs. CG). Student’s t-test for
age, BMI, and years since diagnosis. Mann–Whitney U test for Barthel index score (n = 10 in IC, 6 women and
4 men; n = 10 in CG, 7 women and 3 men). SD = standard deviation, BMI = body mass index, IG = intervention
group, CG = control group.

3.2. Effects of Exercise Intervention on Functional Ability

To evaluate the effectiveness of therapeutic exercise on functional ability and on
the subsequent risk of falls in dementia patients, SPPB and TMT scores were assessed
before and after an exercise intervention and compared to data obtained from control
non-treated patients. In the pre-intervention assessment, IG scored 26.9 ± 0.6 points and
CG 27.0 ± 1.1 points in TMT; no significant difference was found (p = 0.64). In SPPB, IG
scored 10.3 ± 1.0 points and CG scored 10.0 ± 2.1 points; no significant difference was
found either (p = 0.87). In the post-intervention assessment carried out after 5 weeks of
therapeutic exercise, TMT scored 27.6 ± 0.5 points in IG patients and 27.1 ± 0.8 points in
CG patients. Although IG had a higher score, no significant difference was found between
groups (p = 0.28). In SPPB, IG scored 11.8 ± 0.5 points and CG 11.3 ± 0.7 points. In this case,
there was also a tendency of the IG score to be higher than the CG score, but the differences
were not significant (p = 0.19). No differences between sexes were found in any of the tests
performed. In Table 2, the results of TMT and SPPB for the pre- and post-intervention
assessments are shown for each experimental group.
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Table 2. Scores for pre- and post-intervention assessments in IG and CG.

Test Group Pre-Intervention Post-Intervention Pre vs. Post

Mean ± SD p Value Mean ± SD p Value p Value

TMT
IG 26.9 ± 0.6

0.64
27.6 ± 0.5

0.28
0.03

CG 27.0 ± 1.1 27.1 ± 0.8 0.32

SPPB
IG 10.3 ± 1.0

0.87
11.8 ± 0.5

0.19
0.02

CG 10.0 ± 2.1 11.3 ± 0.7 0.07
Functional ability scores and their comparisons between groups (IG vs. CG) and assessment (pre-intervention vs.
post-intervention). Mann–Whitney U test for comparisons; Wilcoxon test for comparisons over time (n = 10 in
IC, 6 women and 4 men; n = 10 in CG, 7 women and 3 men). TMT = Tinetti mobility test, SPPB = short physical
performance battery, IG = intervention group, CG = control group.

When comparing the pre- and post-intervention scores for TMT in IG patients, we
found an increase of 0.8 ± 0.7 points that was statistically significant (p = 0.03). Additionally,
comparisons of post- and pre-intervention scores for SPPB showed a significant increase
(1.5 ± 1.3 points, p = 0.02). On the other hand, when comparing the initial values of TMT
and SPPB with the changes obtained after the intervention, a negative significant correlation
in both variables was found (r = −0.71, p = 0.04 for TMT; r = −0.95, p = 0.001 for SPPB),
which indicates that the higher the initial risk of falls, the higher the improvement obtained.
In CG patients, no significant differences were found between pre- and post-intervention
scores for both TMT (0.1 ± 0.4 points of difference, p = 0.32) and SPPB (1.3 ± 1.6 points,
p = 0.07).

We also analyzed the correlations between the differences in pre- and post-intervention
scores in TMT and SPPB from each experimental group and the variables sex, age, and
years since diagnosis (Table 3). No significant correlations were found.

Table 3. Correlation between functional ability scores and patients’ characteristics.

Parameter Group TMT SPPB

Sex
IG χ2 = 2.2, p = 0.33 χ2 = 0.97, p = 0.91
CG χ2 = 2.86, p = 0.24 χ2 = 4.05, p = 0.54

Age IG r = 0.16, p = 0.67 r = −0.08, p = 0.83
CG r = 0.18, p = 0.62 r = 0.49, p = 0.15

Years since diagnosis IG r = 0.44, p = 0.20 r = 0.22, p = 0.53
CG r = 0.50, p = 0.14 r = 0.63, p = 0.05

Correlation indexes for post-intervention functional ability scores and the parameters sex, age, and years since
diagnosis. Chi-squared (for sex) and Pearson’s correlation test (for age and years since diagnosis) (n = 10 in IC,
6 women and 4 men; n = 10 in CG, 7 women and 3 men). TMT = Tinetti mobility test, SPPB = short physical
performance battery, IG = intervention group, CG = control group.

4. Discussion

This study was designed to test if a simple exercise intervention for lower limb strength
and balance is effective in reducing the risk of falls in elderly with dementia. Our results
demonstrated that two simple routines consisting of sit-to-stand and single leg stance for a
few minutes every weekday were able to improve functional ability scores after 5 weeks in
dementia patients.

Twenty people participated in the study (10 in the intervention group and 10 in the
control group). The number of participants recruited was similar to that used in the study
of Wesson et al. [14] whose sample was 22 subjects, even though we also found similar
studies with bigger intervention groups (from 21 up to 153) [15,16]. Regarding the type
and severity of dementia, these characteristics are not specified in many of the articles
reviewed. In our case, the patients mainly presented with Alzheimer’s disease (90%), in
accordance with those described in the studies by Nyam et al. (60%) [17] and Willem et al.
(58.3%) [18]. Other studies only included people with AD [19,20]. We considered it
important to include other types of dementia because exercise has been proven to be
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beneficial not only in AD [14,15,18,21–25]. The mean age of the patients (74.2 years old in
the intervention group) is in agreement with other studies that have reported a mean age
of participants lower than 80 [14,17,19–21,26], while we also found others with that greater
than 80 [16,18,22–25,27–29].

Regarding the assessment of functional ability, many studies have included the timed
up and go test [17,18,21,26,29]. Other assessment tools have also been used to measure the
risk of falls and physical capacities in people with dementia: the Berg balance scale [15,21],
number of falls in a period of time [19,28], frailty and injuries: cooperative studies of
intervention techniques—subtest 4 (FICSIT-4) [18,27], the 6 min walk test [18,27], and the
functional independence measure (FIM) [19,20]. In our study, we also used valid and
reliable instruments to measure the risk of falls and functional capacities, in agreement
with other studies that used TMT [21] and SPPB [16,20,27,29] in their assessments.

The exercise intervention included in the study consisted of adding two simple ex-
ercises (one for lower limb strength and other for balance) to the usual exercise routine
carried out in a day care center. Day care centers are locations used to perform exercise
programs for people with dementia [15,19,23] because they can spend a few hours a day
doing activities aimed at maintaining their cognitive and physical abilities. Other studies’
interventions took place in nursing homes [18,23,27–29] or at home [14,16,17,20,26]. In
our study, exercise group sessions with 10 people with dementia were guided by one
physiotherapist for 45–50 min, 5 days a week. We intended to replicate the conditions in
which exercise group sessions for people with dementia usually take place. We did not
find any study where the ratio of patients per therapist was greater than the one in our
intervention. Many similar studies have included home exercises and/or exercises guided
and supervised individually by a therapist [14–23,25–28]. We consider it necessary to keep
low ratios of people with dementia per physiotherapist in exercise group sessions because
people with dementia frequently need help to follow group exercise sessions. This is in
agreement with the study by Whitney et al. [23], with three patients per group, and with
the study by Schwenk et al. [22], with four to six patients per group. However, keeping
low ratios is not always possible in exercise group sessions in day care centers or nursing
homes. We aimed to include an intervention that could be feasible in the facilities where
people with dementia participate in non-pharmacological therapies such as exercise that
can help maintain their abilities.

Our study included a 5-week period of intervention. This may be a short period compared
to other studies with interventions of 9 weeks [18,21], 10 weeks [24], 12 weeks [14,15,22,25,29],
16 weeks [28], 20 weeks [17,26], 24 weeks [23,27], or 1 year [16,19,20]. However, we
aimed to analyze the effect of a simple and brief intervention on the risk of falls in the
elderly with dementia. Therefore, five times a week is the frequency of exercise that we
incorporated. We consider that in this way, we can help people with dementia move closer
to the World Health Organization recommendations of physical exercise for people over
65 [30]. The number of sessions per week in similar studies we found is lower: 4 [18], 3 [27],
2 [15,21–25,29], or 1 [17,26]. Additionally, our intervention included exercise sessions of
45–50 min. This is similar to most of the studies we found, in which exercise sessions were
between 30 and 60 min [15–21,23,26–29]. Only a couple of the studies we found included
sessions of 2 h [22,25]. Finally, our intervention included strength and balance exercises,
in accordance with most of the previous studies on exercise interventions on the risk
of falls [14,16,18,19,22,23,25,27–29]. Some studies included special interventions such as
therapy with dogs [15], Tai Chi classes [17,26], whole body vibration [21], or comprehensive
motor–cognitive game-based training [24].

In our study, no significant difference was found between the groups in any of the
assessments performed, although there was a tendency for the IG to score higher than
the CG in the post-intervention assessments. This is in accordance with the studies by
Taylor et al. [16], Whitney et al. [23], and Wesson et al. [14], where no significant difference
between groups was found in the fall rate, balance score, or risk of falls after the intervention.
Improvements in physical capacities and reductions in the risk of falls have been reported
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in other studies: walking endurance, leg muscle strength, balance [14,18], SPPB score [29],
incidence of falls [25], and gait characteristics [22]. The main limitation of our study was
the small sample size that was influenced by sick leave of potential participants, COVID-19
infection and restrictions, or lack of consent from caregivers to participate in the study.
Nevertheless, our results showed a significant increase in scores for the Tinetti test and
SPPB by comparing post- and pre-intervention assessments. Moreover, the higher the
initial risk of falls, the higher the improvement obtained. It would have been interesting to
test if the results could be maintained after a follow-up period.

5. Conclusions

Simple lower limb strength exercise and single leg stance feasible to be done in day care
facilities are effective tools for reducing the risk of falls in older people with dementia, given
that significant improvements were observed in the intervention group. This improvement
was not influenced by sex, age, and years since the diagnosis of dementia.

Author Contributions: Conceptualization, A.L.-G. and M.E.S.-R.; methodology, A.L.-G.; software,
M.E.S.-R.; formal analysis, A.L.-G. and M.E.S.-R.; investigation, A.L.-G. and M.E.S.-R.; resources,
A.L.-G.; data curation, A.L.-G. and M.E.S.-R.; writing—original draft preparation, A.L.-G. and M.E.S.-
R.; writing—review and editing, A.L.-G. and M.E.S.-R.; supervision, A.L.-G. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of University of
Murcia (Spain) (ID: 3661/2021; 3 August 2022).

Informed Consent Statement: Informed consent was obtained from all subjects’ caregivers/relatives
involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: We want to acknowledge AFAMUR and AFADE staff for their help in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Talar, K.; Hernández-Belmonte, A.; Vetrovsky, T.; Steffl, M.; Kałamacka, E.; Courel-Ibáñez, J. Benefits of Resistance Training in

Early and Late Stages of Frailty and Sarcopenia: A Systematic Review and Meta-Analysis of Randomized Controlled Studies.
J. Clin. Med. 2021, 10, 1630. [CrossRef]

2. Thomas, E.; Battaglia, G.; Patti, A.; Brusa, J.; Leonardi, V.; Palma, A.; Bellafiore, M. Physical activity programs for balance and fall
prevention in elderly: A systematic review. Medicine 2019, 98, e16218. [CrossRef] [PubMed]

3. Liu, C.J.; Latham, N.K. Progressive resistance strength training for improving physical function in older adults. Cochrane Database
Syst. Rev. 2009, 2009, CD002759. [CrossRef] [PubMed]

4. National Institute for Health and Care Excellence. Dementia: Assessment, Management and Support for People Living with Dementia
and Their Carers; NICE Guideline: London, UK, 2018; p. 43. ISBN 978-1-4731-2978-8.

5. Ljubenkov, P.A.; Geschwind, M.D. Dementia. Semin. Neurol. 2016, 36, 397–404. [CrossRef] [PubMed]
6. Fernando, E.; Fraser, M.; Hendriksen, J.; Kim, C.H.; Muir-Hunter, S.W. Risk Factors Associated with Falls in Older Adults with

Dementia: A Systematic Review. Physiother. Can. 2017, 69, 161–170. [CrossRef] [PubMed]
7. Härlein, J.; Dassen, T.; Halfens, R.J.G.; Heinze, C. Fall risk factors in older people with dementia or cognitive impairment: A

systematic review. J. Adv. Nurs. 2009, 65, 922–933. [CrossRef] [PubMed]
8. Dolatabadi, E.; Van Ooteghem, K.; Taati, B.; Iaboni, A. Quantitative Mobility Assessment for Fall Risk Prediction in Dementia: A

Systematic Review. Dement. Geriatr. Cogn. Disord. 2018, 45, 353–367. [CrossRef]
9. Zhao, R.; Bu, W.; Chen, X. The efficacy and safety of exercise for prevention of fall-related injuries in older people with different

health conditions, and differing intervention protocols: A meta-analysis of randomized controlled trials. BMC Geriatr. 2019,
19, 341. [CrossRef]

10. Cadore, E.L.; Rodríguez-Mañas, L.; Sinclair, A.; Izquierdo, M. Effects of Different Exercise Interventions on Risk of Falls, Gait
Ability, and Balance in Physically Frail Older Adults: A Systematic Review. Rejuvenation Res 2013, 16, 105–114. [CrossRef]
[PubMed]

http://doi.org/10.3390/jcm10081630
http://doi.org/10.1097/MD.0000000000016218
http://www.ncbi.nlm.nih.gov/pubmed/31277132
http://doi.org/10.1002/14651858.CD002759.pub2
http://www.ncbi.nlm.nih.gov/pubmed/19588334
http://doi.org/10.1055/s-0036-1585096
http://www.ncbi.nlm.nih.gov/pubmed/27643909
http://doi.org/10.3138/ptc.2016-14
http://www.ncbi.nlm.nih.gov/pubmed/28539696
http://doi.org/10.1111/j.1365-2648.2008.04950.x
http://www.ncbi.nlm.nih.gov/pubmed/19291191
http://doi.org/10.1159/000490850
http://doi.org/10.1186/s12877-019-1359-9
http://doi.org/10.1089/rej.2012.1397
http://www.ncbi.nlm.nih.gov/pubmed/23327448


Int. J. Environ. Res. Public Health 2022, 19, 11854 8 of 8

11. Kegelmeyer, D.A.; Kloos, A.D.; Thomas, K.M.; Kostyk, S.K. Reliability and validity of the Tinetti Mobility Test for individuals
with Parkinson disease. Phys. Ther. 2007, 87, 1369–1378. [CrossRef] [PubMed]

12. Góme- Montes, J.F.; Curcio, C.L.; Alvarado, B.; Zunzunegui, M.V.; Guralnik, J. Validity and reliability of the Short Physical
Performance Battery (SPPB): A pilot study on mobility in the Colombian Andes. Colomb. Med. 2013, 44, 165–171. [CrossRef]

13. Mahoney, F.I.; Barthel, D.W. Functional evaluation: The Barthel Index. Md. State Med. J. 1965, 14, 61–65. [PubMed]
14. Wesson, J.; Clemson, L.; Brodaty, H.; Lord, S.; Taylor, M.; Gitlin, L.; Close, J. A feasibility study and pilot randomised trial of a

tailored prevention program to reduce falls in older people with mild dementia. BMC Geriatr. 2013, 13, 89. [CrossRef]
15. Olsen, C.; Pedersen, I.; Bergland, A.; Enders-Slegers, M.J.; Ihlebæk, C. Effect of animal-assisted activity on balance and quality of

life in home-dwelling persons with dementia. Geriatr. Nurs. 2016, 37, 284–291. [CrossRef] [PubMed]
16. Taylor, M.E.; Wesson, J.; Sherrington, C.; Hill, K.D.; Kurrle, S.; Lord, S.R.; Brodaty, H.; Howard, K.; O’Rourke, S.D.;

Clemson, L.; et al. Tailored Exercise and Home Hazard Reduction Program for Fall Prevention in Older People with Cognitive
Impairment: The i-FOCIS Randomized Controlled Trial. J. Gerontol. Ser. A 2021, 76, 655–665. [CrossRef]

17. Nyman, S.R.; Ingram, W.; Sanders, J.; Thomas, P.W.; Thomas, S.; Vassallo, M.; Raftery, J.; Bibi, I.; Barrado-Martín, Y. Randomised
Controlled Trial Of The Effect Of Tai Chi On Postural Balance Of People with Dementia. Clin. Interv. Aging 2019, 14, 2017–2029.
[CrossRef]

18. Bossers, W.J.; van der Woude, L.H.; Boersma, F.; Hortobágyi, T.; Scherder, E.J.; van Heuvelen, M.J. A Nine-Week-Long Aerobic
and Strength Training Program Improves Cognitive and Motor Function in Patients with Dementia: A Randomized, Controlled
Trial. Am. J. Geriatr. Psychiatry 2015, 23, 1106–1116. [CrossRef]

19. Öhman, H.; Savikko, N.; Strandberg, T.; Kautiainen, H.; Raivio, M.; Laakkonen, M.L.; Tilvis, R.; Pitkälä, K.H. Effects of Exercise
on Functional Performance and Fall Rate in Subjects with Mild or Advanced Alzheimer’s Disease: Secondary Analyses of a
Randomized Controlled Study. Dement. Geriatr. Cogn. Disord. 2016, 41, 233–241. [CrossRef] [PubMed]

20. Perttila, N.M.; Öhman, H.; Strandberg, T.E.; Kautiainen, H.; Raivio, M.; Laakkonen, M.L.; Savikko, N.; Tilvis, R.S.; Pitkälä, K.H.
Effect of Exercise on Drug-Related Falls Among Persons with Alzheimer’s Disease: A Secondary Analysis of the FINALEX Study.
Drugs Aging 2018, 35, 1017–1023. [CrossRef] [PubMed]

21. Lam, F.M.H.; Liao, L.R.; Kwok, T.C.R.; Pang, M.Y.C. Effects of adding whole-body vibration to routine day activity program on
physical functioning in elderly with mild or moderate dementia: A randomized controlled trial. Int. J. Geriatr. Psychiatry 2018, 33,
21–30. [CrossRef]

22. Schwenk, M.; Zieschang, T.; Englert, S.; Grewal, G.; Najafi, B.; Hauer, K. Improvements in gait characteristics after intensive
resistance and functional training in people with dementia: A randomised controlled trial. BMC Geriatr. 2014, 12, 73. [CrossRef]
[PubMed]

23. Whitney, J.; Jackson, S.H.D.; Martin, F.C. Feasibility and efficacy of a multi-factorial intervention to prevent falls in older adults
with cognitive impairment living in residential care (ProF-Cog). A feasibility and pilot cluster randomised controlled trial. BMC
Geriatr. 2017, 17, 115. [CrossRef]

24. Wiloth, S.; Werner, C.; Lemke, N.C.; Bauer, J.; Hauer, K. Motor-cognitive effects of a computerized game-based training method in
people with dementia: A randomized controlled trial. Aging Ment. Health 2018, 22, 1124–1135. [CrossRef] [PubMed]

25. Zieschang, T.; Schwenk, M.; Becker, C.; Uhlmann, L.; Oster, P.; Hauer, K. Falls and Physical Activity in Persons With Mild to
Moderate Dementia Participating in an Intensive Motor Training: Randomized Controlled Trial. Alzheimer Dis. Assoc. Disord.
2017, 31, 307–314. [CrossRef]

26. Williams, J.; Nyman, S. A secondary analysis of a randomised controlled trial to investigate the effect of Tai Chi on the instrumented
timed up and go test in people with mild to moderate dementia. Aging Clin. Exp. Res. 2021, 33, 2175–2181. [CrossRef]

27. Sanders, L.M.J.; Hortobágyi, T.; Karssemeijer, E.G.A.; van der Zee, E.A.; Scherder, E.J.A.; van Heuvelen, M.J.G. Effects of low-and
high-intensity physical exercise on physical and cognitive function in older persons with dementia: A randomized controlled
trial. Alzheimers Res. Ther. 2020, 12, 28. [CrossRef]

28. Toots, A.; Wiklund, R.; Littbrand, H.; Nordin, E.; Nordström, P.; Lundin-Olsson, L.; Gustafson, Y.; Rosendahl, E. The Effects of
Exercise on Falls in Older People With Dementia Living in Nursing Homes: A Randomized Controlled Trial. J. Am. Med. Dir.
Assoc. 2019, 20, 835–842. [CrossRef] [PubMed]

29. Gebhard, D.; Mess, F. Feasibility and Effectiveness of a Biography-Based Physical Activity Intervention in Institutionalized People
With Dementia: Quantitative and Qualitative Results From a Randomized Controlled Trial. J. Aging Phys. Act. 2022, 30, 237–251.
[CrossRef]

30. Bull, F.C.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451–1462.
[CrossRef]

http://doi.org/10.2522/ptj.20070007
http://www.ncbi.nlm.nih.gov/pubmed/17684089
http://doi.org/10.25100/cm.v44i3.1181
http://www.ncbi.nlm.nih.gov/pubmed/14258950
http://doi.org/10.1186/1471-2318-13-89
http://doi.org/10.1016/j.gerinurse.2016.04.002
http://www.ncbi.nlm.nih.gov/pubmed/27155968
http://doi.org/10.1093/gerona/glaa241
http://doi.org/10.2147/CIA.S228931
http://doi.org/10.1016/j.jagp.2014.12.191
http://doi.org/10.1159/000445712
http://www.ncbi.nlm.nih.gov/pubmed/27160164
http://doi.org/10.1007/s40266-018-0594-7
http://www.ncbi.nlm.nih.gov/pubmed/30315403
http://doi.org/10.1002/gps.4662
http://doi.org/10.1186/1471-2318-14-73
http://www.ncbi.nlm.nih.gov/pubmed/24924703
http://doi.org/10.1186/s12877-017-0504-6
http://doi.org/10.1080/13607863.2017.1348472
http://www.ncbi.nlm.nih.gov/pubmed/28682124
http://doi.org/10.1097/WAD.0000000000000201
http://doi.org/10.1007/s40520-020-01741-7
http://doi.org/10.1186/s13195-020-00597-3
http://doi.org/10.1016/j.jamda.2018.10.009
http://www.ncbi.nlm.nih.gov/pubmed/30503589
http://doi.org/10.1123/japa.2020-0343
http://doi.org/10.1136/bjsports-2020-102955

	Introduction 
	Materials and Methods 
	Participants 
	Physical Exercise Intervention 
	Data Collection and Analysis Instruments 
	Data and Analysis 
	Ethical Considerations 

	Results 
	Participants’ Characteristics 
	Effects of Exercise Intervention on Functional Ability 

	Discussion 
	Conclusions 
	References

