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Fall prevention in community-dwelling older adults. Effects of two programs: single
psychomotor intervention versus combined with whole-body vibration. A randomized

controlled trial

ABSTRACT

The main goal of this investigation was to determine the effect of two intervention
programs — psychomotor intervention vs. combined intervention (psychomotor
intervention + whole-body vibration) — on risk factors for falls in community-dwelling

older people who had fallen or were at high risk of falling.

The investigation involved a literature review, an instrument development and validation

study, and a randomized control trial study (RCT).

The literature review suggests that, for fall prevention, the interventions performing
simultaneously cognitive and motor stimulation induced additional benefits compared to

cognitive or motor single interventions.

The developed stepping-forward affordance perception test showed strong internal
consistency and was demonstrated to be accurate, reliable, and valid for fall risk
assessment (model AUC for fallers: 0.665, 95% CI: 0.608—0.723; model AUC for
recurrent fallers: 0.728, 95% CI: 0.655-0.797).

The RCT results (51 participants: 75.4 + 5.6 years) suggest that the participants well
tolerated the intervention programs. After the 24-week intervention (3x/week), both
programs significantly improved processing speed, selective and sustained attention,
dual-task performance, mobility, lower-body strength, balance, and bone mineral density,
p < 0.05. In addition, the combined intervention induced significant improvements in
reaction time and bone mineral content, p < 0.05. Both programs decreased the incidence
of falls, especially the combined intervention. Overall, after 12 weeks of follow-up, the
improvements in cognitive function were maintained, while physical function and bone
mass results were reversed. No significant differences between programs were found. The

control group maintained their results.

In conclusion, although the combined program induced additional improvements, both

programs were effective and are recommended for fall prevention.

Keywords: Aging; Risk factors for falls; Physical function; Affordance perception; Dual-
task.



Prevencdo da queda em idosos residentes na comunidade. Efeitos de dois programas:
interven¢ao psicomotora singular versus combinada com exercicio vibratorio. Um estudo

randomizado controlado

RESUMO

Esta investigagdo teve como principal objetivo determinar o efeito de dois programas de
intervengdo — intervengdo psicomotora vs. interven¢do combinada (intervenc¢do
psicomotora + exercicio vibratdrio) — nos fatores de risco de queda em pessoas idosas a

residir em comunidade, caidoras ou em risco elevado de queda.

A investigagdo incluiu uma revisao de literatura, o desenvolvimento e valida¢do de um

instrumento, ¢ um estudo randomizado controlado (RCT).

A revisdo de literatura realizada sugere que em programas para a preven¢ao de queda,
intervengdes que realizaram simultaneamente uma estimulacdo cognitiva € motora
induziram a beneficios adicionais, comparando com interveng¢des cognitivas ou motoras

singulares.

O stepping-forward affordance perception test desenvolvido apresentou uma consisténcia
interna forte e demonstrou ser preciso, fidvel e valido para avaliar o risco de queda (area
por baixo da curva de 0.665 (95% IC: 0.608—0.723) para caidores e de 0.728 (95% IC:

0.655-0.797) para caidores recorrentes.

Os resultados do RCT (51 participantes: 75.4 + 5.6 anos) sugerem que os programas de
interven¢do foram bem tolerados. Apds 24 semanas de intervencgdo (3x/semana), ambos
os programas induziram a melhorias significativas no processamento de informacao,
atengdo seletiva e sustentada, capacidade de dupla tarefa, mobilidade, for¢a dos membros
inferiores, equilibrio e densidade mineral 6ssea, p < 0.05. Adicionalmente, a interven¢ao
combinada induziu a melhorias significativas no tempo de reacdo e conteido mineral
6sseo, p < 0.05. A ocorréncia de queda diminuiu em ambos os programas, especialmente
na intervencao combinada. Globalmente, apds 12 semanas de follow-up, as melhorias no
funcionamento cognitivo foram mantidas, enquanto na aptiddo fisica e massa Ossea
pioraram. Nao existiram diferencas entre os programas de intervencdo. O grupo de

controlo manteve os seus resultados.



Como conclusdes, embora a intervengao combinada induza beneficios adicionais, tanto o
programa de interven¢do psicomotora, como o programa combinado mostraram ser

eficazes e recomendados para a prevencao das quedas.

Palavras-chave: Envelhecimento; Fatores de risco de quedas; Aptidao fisica; Perce¢do de

affordances; Dupla tarefa.

Vi



Publications related to this thesis

Papers in international scientific journals

Almeida, G., Bravo, J., Folgado, H., Rosado, H., Mendes, F., & Pereira, C. (2019).
Reliability and construct validity of the stepping-forward affordance perception test for
fall risk assessment in community-dwelling older adults. PLoS ONE, 14(11), e0225118.
https://doi.org/10.1371/journal.pone.0225118

Rosado, H., Bravo, J., Raimundo, A., Carvalho, J., Marmeleira, J., & Pereira, C. (2021).
Effects of two 24-week multimodal exercise programs on reaction time, mobility, and
dual-task performance in community-dwelling older adults at risk of falling: a
randomized controlled trial. BMC Public Health, 21(2), 408.
https://doi.org/10.1186/s12889-021-10448-x

Rosado, H., Pereira, C., Bravo, J., Carvalho, J., & Raimundo, A. (2022). Benefits of Two
24-Week Interactive Cognitive—Motor Programs on Body Composition, Lower-Body
Strength, and Processing Speed in Community Dwellings at Risk of Falling: A
Randomized Controlled Trial. International Journal of Environmental Research and

Public Health, 19(12), 7117. https://doi.org/10.3390/ijerph19127117

Rosado, H., Bravo, J., Raimundo, A., Carvalho, J., Almeida, G., & Pereira, C. (2022).
Can two multimodal psychomotor exercise programs improve attention, affordance
perception, and balance in community dwellings at risk of falling? A randomized
controlled trial. BMC Public Health, 21(2), 2336. https://doi.org/10.1186/s12889-022-
13725-5

Rosado, H., Pereira, C., Bravo, J., Carvalho, J., & Raimundo, A. Which lower- or higher-
functioning older adults can improve more on cognitive and physical functions? Effects
of interactive cognitive-motor programs considering the functional level. Submitted for

publication.

Vi



Abstracts

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., Branco, L., Pereira, C. (2019). A 12-
week multimodal exercise program can improve physical and cognitive functioning risk
factors for falls in community-dwelling older adults: preliminary results of a psychomotor
intervention. European Journal of Public Health, 29 (1).
https://doi.org/10.1093/eurpub/ckz034

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., Pelado, A., Pereira, C. (2019). A 12-
week physical exercise, cognitive and whole-body vibration program can improve
physical and cognitive functioning risk factors for falls and fractures in community-
dwelling older adults: preliminary results. European Journal of Public Health, 29 (1).
https://doi.org/10.1093/eurpub/ckz034.001

Rosado, H., Bravo, J., Raimundo, A., Almeida, G., Mendes, F., & Pereira, C. (2020). The
effect of 12-week multimodal programs on the affordances perception: a risk factor for
falls in community-dwelling older adults. Preliminary results. In: Repositério Comum do

Instituto Politécnico de Coimbra.

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., & Pereira, C. (2020). Twelve-week
multimodal programs can improve dual-task performance in risk factors for falls in
community-dwelling older adults: a pilot study. European Journal of Public Health, 30
(2). https://doi.org/10.1093/eurpub/ckaa040.013

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., & Pereira, C. (2020). Can two
multimodal programs improve dual-task performance in community-dwelling older
adults at high risk of falling? RIASE: Revista Ibero-Americana de Saude e
Envelhecimento, 6(3), 1-90. http://dx.doi.org/10.24902/r.riase.2020.6(3).487.1-90

Rosado, H., Bravo, J., Raimundo, A., Carvalho, J., Leite, N., & Pereira, C. (2021). Novel
approaches to reduce the risk of falling in community dwellings: effects of two
multimodal programs in lower-body strength. A pilot study. European Journal of Public
Health, 31 (2). https://doi.org/10.1093/eurpub/ckab120.064

Rosado, H., Bravo, J., Raimundo, A., Marmeleira, J., Mendes, F., & Pereira, C. (2021).
Benefits of two twelve-week multimodal programs on reaction time in community

dwellings at risk of falling: preliminary results. European Journal of Public Health, 31
(2). https://doi.org/10.1093/eurpub/ckab120.062

Vil



Rosado, H., Bravo, J., Raimundo, A., Mendes, F., Teixeira, S., & Pereira, C. Benefits of
a fall prevention psychomotor program in dual-task cost and interference: two cognitive-
motor paradigms. Portuguese Journal of Public Health, 40(suppl 1):1-24.
https://doi.org/10.1159/000527366

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., Tiburcio, R., & Pereira, C. (2023).
Effects of a psychomotor intervention in physical function according to baseline
functioning.  Portuguese Journal of Public Health, 41 (Suppl. 1): 0.
https://doi.org/10.1159/000530767

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., Tiburcio, R., & Pereira, C. (2023).
Benefits of a psychomotor intervention in processing speed and reaction time depending
on the baseline functioning. Portuguese Journal of Public Health, 41 (Suppl. 1): 0.
https://doi.org/10.1159/000530767

Book chapters

Rosado, H., Bravo, J., Raimundo, A., & Pereira, C. (2020). Programas de intervengao
para a prevencdo de quedas em pessoas idosas residentes na comunidade. In: Mendes, F.,
Pereira, C., & Bravo, J. (Universidade de Evora, Ed.). Envelhecer em Seguranca no
Alentejo.  Compreender para agir. ISBN: 978-989-99122-9-8. Evora, PT.
http://hdl.handle.net/10174/31137




Scientific presentations related to this thesis

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., Pelado, A., & Pereira, C. (2019, april).
A 12-week physical exercise, cognitive and whole-body vibration program can improve
physical and cognitive functioning risk factors for falls and fractures in community-
dwelling older adults: preliminary results. Annual Meeting 2019. Cuidados de Saude
Primarios: Desafios e oportunidades. Escola Superior de Tecnologia da Saude de

Coimbra. Coimbra. Portugal.

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., Branco, L., & Pereira, C. (2019, april).
A 12-week multimodal exercise program can improve physical and cognitive functioning
risk factors for falls in community-dwelling older adults: preliminary results of a
psychomotor intervention. Annual Meeting 2019. Cuidados de Saude Primérios: Desafios

e oportunidades. Escola Superior de Tecnologia da Satde de Coimbra. Coimbra. Portugal.

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., & Pereira, C. (2020, june). Twelve-
week multimodal programs can improve dual-task performance in risk factors for falls in
community-dwelling older adults: a pilot study. Annual Meeting 2020: Saude 4.0:
Desenhar a Satide de Amanha. Escola Superior de Tecnologia da Satde de Coimbra.

Coimbra. Portugal.

Rosado, H., Bravo, J., Raimundo, A., Carvalho, J., Leite, N., & Pereira, C. (2021, june).
Novel approaches to reduce the risk of falling in community dwellings: effects of two
multimodal programs in lower-body strength. A pilot study. Annual Meeting Global
Health: New Trends. Escola Superior de Tecnologia da Satide de Coimbra. Coimbra.

Portugal.

Rosado, H., Bravo, J., Raimundo, A., Marmeleira, J., Mendes, F., & Pereira, C. (2021,
june). Benefits of two twelve-week multimodal programs on reaction time in community
dwellings at risk of falling: preliminary results. Annual Meeting Global Health: New

Trends. Escola Superior de Tecnologia da Satide de Coimbra. Coimbra. Portugal.

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., Teixeira, S., & Pereira, C. (2022, may).
Benefits of a fall prevention psychomotor program in dual-task cost and interference: two

cognitive-motor paradigms. 2" Comprehensive Health Research Centre Annual Summit

(CHRC). Universidade de Evora. Evora. Portugal.



Rosado, H., Bravo, J., Raimundo, A., Mendes, F., Tiburcio, R., & Pereira, C. (2022,
november). Effects of a psychomotor intervention in physical function according to
baseline functioning. 3" Comprehensive Health Research Centre Annual Summit

(CHRC). NOVA Medical School. Lisboa. Portugal.

Rosado, H., Bravo, J., Raimundo, A., Mendes, F., Tiburcio, R., & Pereira, C. (2022,
november). Benefits of a psychomotor intervention in processing speed and reaction time
depending on the baseline functioning. 3" Comprehensive Health Research Centre

Annual Summit (CHRC). NOVA Medical School. Lisboa. Portugal.

Xl



Table of Contents

AGRADECIMENTOS ...ccuiiiiinininsnnsnnssississississssssssssssssssssssssssssssssssssssssssssssssssssssssssons II
ABSTRACT ..couuieiirinnicsnisenssicssssesssecssissssssesssssssssssssssssssssesssssssssssssssssasssassssssssssssssssss v
RESUMOuuuiiiiiniciinenisniceisnsssecssissssssesssssssssssssssssssssesssssssssssssssssasssesssssssssssssssssssssassass \%
PUBLICATIONS RELATED TO THIS THESIS ....cccovvnticnnnnniccsssnsiessssassscssssnssacs VII
LIST OF TABLES ....ucoiiiiuinrisicinsensessssssnssissssssssssssssssssssssssssstssssssssssssssssssssssssanes XV
LIST OF FIGURES ......cucoiiinininnnninnissississississesssssssssssssssisssssssssssssssssssssssssssssssnsons XVI
ABBREVIATIONS .....uuiiiiiiinininsnnsnnssnssissississessssssssssssssssssssstssssssssssssssssssssssssssssons XVII
CHAPTER L....uouiiiiiiicniiensenssicsnissecssiessissesssesssssssssssesssssssssessssssssssssssssssssssssssssassans 19
INTRODUCGTION .....cvvvvevrrieeeereeererererereseresesssssssssssessssssssssssssssssssssssssrsssssssssssrsssrsrsrsrsrr... 20
Objectives and Hypotheses Of this theSiS ..........cc.cccevvveiiiieiiaiieiieeeieeeeee e 23
CHAPTER 2u...uuouuiuiiniiiecnicinsuenssecsnissesssicssissesssesssssssssssesssssssssessssssssssssssssssssssssssssassass 29
LITERATURE REVIEW .....covvttiiiiiiirieerereeeeeeeeerererereresesesssssssssssssssssssssssssssssssssssssssssssssssss 30
CHAPTER 3.....uuiiiiiiiinininsensnicsnissecssiessissesssesssssssssssesssssssssessssssssssssssssssssssssssssassass 50
STEPPING-FORWARD AFFORDANCE PERCEPTION TEST .......cccccoecuiiiiniiiiiiinieienne. 50
ABSIFACE......c.oieeeee et 52

Lo IREPOAUCTION ...t e 53

2. MEIROMS ... s 55

3 RESUILS ..o 60

4. DISCUSSTON.....c...ceiiiiiiiiee ettt 66

5. CONCIUSTOMS ...ttt et 69

0. RESOFONCES ...ttt 71

Xl



CHAPTER A.......uurenrnnineentnnnennsseessissesnsssessssssssssssssessssssessssssasssssssessassssssaessassase 76

PAPER L oottt ettt e e e e e et e e e e e e e e et aaaaeeeeeennanes 77
ABSIFACE. ... et 78
Lo IREPOAUCTION ...t 79
2. MEIROCS ... 81
3 RESUILS ..o e 88
4. DISCUSSTON.....c...ceiiiiiiiee ettt 93
5. CONCIUSTIONS ...ttt 97
0. RESOTONCES ...ttt 99
PAPER 2 ..ottt ettt et sttt st s b et et sbe et et 104
ABSIFACE......c.oieeee e 105
Lo INEPOAUCTION ... e 106
2. MEIROCS ... e 108
30 RESUILS ..o s 114
4. DISCUSSTON.....c..cceiiiiii ettt ettt 122
5. CONCIUSTIONS ...t 128
0. RESOFONCES ...ttt 130
PAPER 3 .ttt b ettt sttt et b et st 136
ABSIFACE ... 137
Lo IREPOAUCTION ...t 138
2. MEIROCS ... e 140
30 RESUILS .o e 146
4. DISCUSSTON.....c..cceieiiii ettt et 154
5. CONCIUSTIONS ... 158
0. RESOFONCES ...ttt 160

Xl



CHAPTER S.....ierenrenentinnnnenssinnesnessesssssssssssssssssssssesssssssssssssssssassssssssssssssesss 165

GENERAL DISCUSSION ......coutititinietietiienietestetesteseteneesesseteseesenseneesessensesessenseseesensenes 166
CHAPTER 6.uuccenvrriinniiiinnicssnnicssnnicssssisssssisssssesssssessssssssssossssssssssssssssssssssssssssssssssssssns 172
CONCLUSIONS ....tutiuietietetenteteeteteseetesestesessesseseesasseneesessenseseesenseneesessenseseesanseseesensenes 173
PRACTICAL IMPLICATIONS / SUGGESTIONS FOR FUTURE RESEARCH.............cccvvenenee. 174
APPENDICES.....tiiiiinnnniinsnicnssncsssicssssisssssssssssssssssesssssosssssssssssossssssssssssssssssssssssss 176

XV



LIST OF TABLES

Table 1. Relative and absolute intra- (n = 30) and interrater (n = 34) reliability for the SF-
APT OULCOMIES. ..ttt ettt ettt ettt e sat e et e st e e e e 61
Table 2. Descriptive statistics for the SF-APT variables (n = 347). ..ccccooovvvivevieninnen. 62
Table 3. Selection of the variables used to access the risk of being a faller and of being a

recurrent faller based on multivariate binary logistic regression modeling (Falling vs.

Nonfalling Model: n = 347; Recurrent falling vs. Nonfalling Model: n = 263)............. 65
Table 4. Participant’s characteristics at baseline. .........c..ccoceeverririeniiiinienceeeeeee, 88
Table 5. Impact of the multimodal exercise programs on reaction time......................... 90

Table 6. Impact of the multimodal exercise programs on mobility and dual-task
PEITOTIIIANICE. ....evieiiieiiieiieeiie ettt ettt ettt e st e et e et e e b e e ssae e teeesbeenseassseenseeenseenseennns 92
Table 7. General characteristics of the participants at baseline. ..........ccccceevveeireueennen. 114
Table 8. Impact of the interactive cognitive—motor programs on body composition
VATIADIES. ..ottt 116
Table 9. Impact of the interactive cognitive—motor programs on physical function
VATIADIES. ..ottt 119
Table 10. Impact of the interactive cognitive—motor programs on processing speed
VATIADIES. ..ot 121
Table 11. Participant’s characteristics at baseline. ...........ccccovveeverviniieniieninieniiienne 146
Table 12. Impact of the multimodal exercise programs in selective and sustained attention
VATIADIES. ..ottt 148
Table 13. Impact of the multimodal exercise programs in the affordance perception and

DALANCE VATTADIES. ... eeeeeeeeeeeenesennennns 151

XV



LIST OF FIGURES

Figure 1. Estimation of the stepping-forward task in one direction (a) and the real
performance of the stepping-forward task in the opposite direction (b, €).......c.ccuenueene. 56
Figure 2. Odds ratio (OR) and 95% confidence interval (CI) of SF-APT variables for the

univariate risk of being a faller (n = 347) and of being a recurrent faller (n = 263).

TUnderestimation vs. OVETeSHMALION. .....c.ueeruieriieriienieeiiesieeteeereenteeseeeseeseneenseesaneens 63
Figure 3. Flow diagram of participant’s recCruitment. ..........cccceeeerveneenenieneeneneeneenn 82
Figure 4. Flow diagram of the study participants. ............cccoeeeeecieerienieenienieeee e 109
Figure 5. FIOW diagram...........ccccoeiiiiiiiiiiiiiiecie ettt ettt et en 141

XVI



ABBREVIATIONS

ACSM: American College of Sports Medicine
AGS: American Geriatrics Society
ANOVA: Analysis of variance

AUC: Area under the curve

BGS: British Geriatrics Society

BMC: Bone mineral content

BMD: Bone mineral density

BMI: Body mass index

CG: Control group

CI: Confidence interval

CogTUG: Cognitive timed up and go
CPF: Composite Physical Function

CRT: Choice reaction time

CTS: Caregiver Treatment Satisfaction
CV: Coefficient of variation

DLRT: Deary-Liewald reaction time task
DT: Dual-task

DXA: Dual-energy X-ray absorptiometry
EF: Executive function

EG: Experimental group

EG1: Experimental group 1

EG2: Experimental group 2

ES: Effect size

XVII



FAB: Fullerton Advanced Balance

ICC: Intraclass correlation

ICM: Interactive Cognitive-Motor

IPAQ: International Physical Activity Questionnaire
MET: Metabolic equivalent of task

ORs: Odds ratios

RCT: Randomized controlled trial

ROC: Receiver operating characteristic

RPE: Borg Rating of Perceived Exertion

RT: Reaction time

SD: Standard deviation

SEM: Standard error of measurement

SF-APT: Stepping-forward affordance perception test
SPSS: Statistical Package for the Social Sciences
SRT: Simple reaction time

TMT-A: Trail Making Test Part A

TMT-B: Trail Making Test Part B

TUG: Timed up and go

WBYV: Whole-body vibration

WHO: World Health Organization

30CST: 30-s chair stand test

XVl



CHAPTER 1

Introduction

19



Introduction

Globally, the worldwide population is aging. For example, it’s estimated that by 2050 the
number of older people aged 65 and over will at least double, exceeding 1.5 billion
persons. Similarly, the number of older people aged 80 years or over is projected to triple
to 426 million (United Nations, 2019). Portugal also follows this trend (Instituto Nacional
de Estatistica, 2020).

Despite this good news, which can be associated with new opportunities, aging is also
considered challenging. Several factors or events can influence healthy aging and the
quality of life. One of the most crucial events is falls. According to the World Health
Organization (WHO) (World Health Organization, 2018), falls are a major health problem
and the second most common cause of unintentional injury deaths. In addition, fall-related
injuries or fractures lead to considerable medical costs and dependence, whereby effective
prevention strategies to reduce fall risk are needed (Florence et al., 2018; World Health
Organization, 2018). Furthermore, evaluating the fall risk in community-dwelling older
adults with accurate and valid assessments is essential. For instance, an accurate
assessment can identify potential fallers and direct them to proper fall prevention

programs.

Falls have a multifactorial etiology (described in more detail in chapter two). Concerning
intrinsic fall risk factors, age-related changes can negatively affect functionality,
particularly cognitive and physical function (Cunningham et al., 2020). Cognitive
impairments in abilities such as executive functions, processing speed, attention, reaction
time, or dual-task performance are considered risk factors for falls (Ambrose et al., 2013).
Likewise, decreased physical function, particularly in mobility, lower-body strength, and
balance, can also enhance the risk of falling (Jehu et al., 2021; Uusi-Rasi et al., 2019).
Moreover, locomotor skills impairments in action boundaries or body composition
change, especially in bone mineral density or lower limb muscle mass, can be related to

falls and consequent injuries (Pereira et al., 2022; Uusi-Rasi et al., 2019).

More than following the guidelines for physical activity provided by WHO (World Health
Organization, 2020), it is essential that older people integrate intervention programs
adequate to their needs. Recent systematic reviews and meta-analyses have been
suggesting the efficacy and additional benefits in cognitive and physical function of

combined interventions - which perform cognitive and physical stimulation

20



simultaneously - compared to other single interventions, such as exercise alone or
cognitive training (Gavelin et al., 2021; Rieker et al., 2022). The systematic review of
Schoene and colleagues (Schoene et al., 2014) also provided evidence of the interactive
cognitive-motor training benefits, particularly with improvements in fall risk factors. In
addition, literature reported that this type of intervention achieves higher gains when
performed in a social context (Rieker et al., 2022). The mechanisms of the synergistic
response between cognition and physical activity were further explored in the scientific
papers related to this doctoral thesis (chapter four). It is also important to note that
multimodal or interactive cognitive-motor programs are similar if cognitive and motor

stimulation are performed simultaneously.

Given the above, designing effective fall prevention programs becomes evident. In recent
years, psychomotor intervention has evidenced the potential to promote cognitive and
physical function improvements in older people (Pereira et al., 2018). Psychomotor
intervention is a body mediation therapy focused mainly on cognitive, motor, and
relational stimulation (Fernandes, 2014; Martins, 2001). To our knowledge, only one
study investigated the effects of a psychomotor intervention as a fall prevention in
community dwellings (Freiberger et al., 2007). However, more studies are needed to

generalize the findings in community-dwelling older people.

Similarly, whole-body vibration (WBV) training has demonstrated positive effects in
older adults. WBYV is a neuromuscular training method that uses a vibrating platform to
produce oscillations sent to the body and promote physiological changes (Awan et al.,
2017). WBYV has been related to physical function enhancements in older adults,
particularly in mobility, lower-body strength, and balance (Awan et al., 2017). The
systematic review by Jepsen and colleagues (Jepsen et al., 2017) also suggests that WBV
reduces the fall rate and may prevent fractures. Concerning bone mass, despite the
improvements reported in the systematic review and meta-analyses conducted by
DadeMatthews and colleagues (DadeMatthews et al., 2022), the WBYV training's impact
on bone mass still needs more studies for a better understating. Furthermore, the recent
systematic review of Wen and colleagues (Wen et al., 2023) suggested that, although
WBYV may positively affect cognition, additional and more extensive studies are required

to generalize these findings.

Given the positive effects of WBYV training in older adults, it can be seen as a complement

to the psychomotor intervention. However, this therapy is not aimed at bone mass
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improvements, an essential factor to include in a fall prevention program. To our
knowledge, the randomized controlled trial (RCT) in the present investigation was the
first study combining these two interventions. In addition, it’s essential to investigate the
effects of both psychomotor intervention and combined intervention (psychomotor

intervention + WBYV) as fall prevention programs and the respective detraining effects.

In addition, our literature review evidenced affordance perception impairment as a
potential risk factor for falls (Delbaere et al., 2010). Since we found no instrument in the
literature to assess this parameter, particularly action boundaries, developing and
validating an instrument for that purpose became relevant. Consequently, the RCT
performed in the present investigation will be the first study to evaluate the effect of

intervention programs on this potential risk factor for falls.

This thesis is organized into six chapters. The first chapter includes this general
introduction and aims to present the main conceptual framework to be approached in more

detail in the scientific papers addressed subsequently.

The second chapter is a literature review focusing on fall prevention intervention
programs tailored to community-dwelling older adults. This chapter also includes the
etiology of falls, risk factors for falls, general recommendations for physical

activity/exercise in older people, and types of training.

The third chapter reports the study performed to determine the reliability and validity of
a new test for fall risk assessment in community-dwelling older adults. The stepping-
forward affordance perception test (SF-APT) evaluates the estimation and actual
performance of locomotor ability in older adults. The development of this test comes from
the need to use valid, reliable, practical, and quick-to-administer instruments to assess
psychomotor parameters that potentially are risk factors for falls. Through a frontal step,
it is assessed whether the older person underestimated or overestimated their perception

of the step and, consequently, whether they are at risk of falling.

The experimental study conducted to carry out this thesis is reported in chapter four. This
chapter included three scientific papers. The main aim was to evaluate the effects of two

intervention programs on older people who had fallen or were at high risk of falling.

All three papers concerning the experimental study included in this thesis presented the

same methods. The experimental study was conducted between March 2018 and January
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2019 and had a RCT design. Participants (community dwellings) were randomly divided
into three groups: experimental group 1 (which performed a psychomotor intervention
program), experimental group 2 (which underwent a combined program: psychomotor
intervention program + WBYV), and control group (in which participants were asked to

maintain their daily life routines).

The experimental study lasted for 24 weeks, and the participants were assessed at
baseline, post-intervention (24 weeks), and after a 12-week follow-up. The addressed
outcome measures varied from paper to paper, according to the objectives of each one.
However, as stated above, the intervention programs were always the same. The statistical
analysis performed in the three papers was based on comparisons between each
evaluation moment and between groups and the magnitude of the treatment effect. The
experimental study protocol was registered at ClinicalTrials.gov (NCT03446352) in
February 2018.

In chapter five, a general discussion was performed based on the scientific evidence
achieved in the previous papers. Finally, chapter six included the conclusions and

practical implications/suggestions for future investigations.
Objectives and Hypotheses of this thesis

The present investigation has general and specific objectives.
General objective:

To investigate the effect of two intervention programs — psychomotor intervention vs.
combined intervention (psychomotor intervention + WBYV) — on risk factors for falls in

community-dwelling older people who had fallen or were at high risk of falling.
Specific objectives:
1) Specific objectives of the Literature Review:

1.1) To identify the etiology of falls and the respective fall risk factors.

1.2) To identify fall prevention intervention programs described in the literature

and analyze their effectiveness.

2) Specific objectives of the instrument development and validation study:
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2.1) To develop and validate a new test for fall risk assessment in community-

dwelling older adults.
3) Specific objectives of the RCT study:

3.1) To determine the effect of two intervention programs — psychomotor
intervention vs. combined intervention (psychomotor intervention + WBV) — on falls
occurrence in community-dwelling older people who had fallen or were at high risk of

falling.

3.2) To determine the effect of two intervention programs — psychomotor
intervention vs. combined intervention (psychomotor intervention + WBV) — on
cognitive function, namely in executive functions, processing speed, selective and
sustained attention, reaction time, and dual-task performance in community-dwelling

older people who had fallen or were at high risk of falling.

3.3) To determine the effect of two intervention programs — psychomotor
intervention vs. combined intervention (psychomotor intervention + WBV) — on physical
function, namely in mobility, lower-body strength, and balance in community-dwelling

older people who had fallen or were at high risk of falling.

3.4) To determine the effect of two intervention programs — psychomotor
intervention vs. combined intervention (psychomotor intervention + WBV) — on body
composition, namely on bone mineral density, bone mineral content, fat mass, and lean
body mass in community-dwelling older people who had fallen or were at high risk of

falling.

3.5) To determine the effect of two intervention programs — psychomotor
intervention vs. combined intervention (psychomotor intervention + WBV) — in action
boundaries in community-dwelling older people who had fallen or were at high risk of

falling.

3.6) To determine the detraining effect of two intervention programs — psychomotor
intervention vs. combined intervention (psychomotor intervention + WBV) — in the
studied cognitive and physical function variables and the body composition variables in

community-dwelling older people who had fallen or were at high risk of falling.
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The present investigation has hypothesized that:

Hypothesis 1: The ability to perceive action boundaries accurately for the stepping-

forward skill may indicate the risk of fall occurrence in community-dwelling older adults.

Hypothesis 2: The psychomotor intervention program and the combined program
(psychomotor intervention + WBYV) positively impact fall risk factors and are effective

interventions to prevent falls in community-dwelling older adults.

Hypothesis 3: The combined intervention program (psychomotor intervention + WBYV)
led to a larger decrease in fall occurrence in community-dwelling older adults than in the

psychomotor intervention program.

Hypothesis 4: Both interventions led to similar effects on the cognitive function variables:
executive functions, processing speed, selective and sustained attention, and reaction

time.

Hypothesis 5: The combined intervention (psychomotor intervention + WBV) led to a

larger effect on dual-task performance.

Hypothesis 6: The combined intervention (psychomotor intervention + WBV) led to a

larger effect on physical function: mobility, lower-body strength, and balance.

Hypothesis 7: The combined intervention (psychomotor intervention + WBV) led to a
larger effect on body composition, namely in bone mineral density and bone mineral

content.
Hypothesis 8: Both interventions led to similar effects in action boundaries.

Hypothesis 9: The detraining led to larger losses in the studied physical function and body

composition variables compared to the cognitive function variables.
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