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Currentdemographicdevelopmentrequiresappropriatecare(informal/formal)forfallspreventionin
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Preface



Fallsandrelatedinjuriesaremultifactorialphenomena,incidencesofwhichincreasewithage.Fallscan
beviewedasconsequencesfunctionaldeclineandfrailty.Olderpeoplearefrailbecauseofavarietyof
functionallimitationswhicharemorelikelytobepresentthananyothergeriatricsyndrome.Attribu-
tionoffallstoclustersofrootcausesisnoteasilydone.Assessmentsoffunctionalityareveryoften
performedfollowinganaccident.Thisimpliesahindsightbiasbecauseresultsdonotnecessarilyreflects
pre-accidentalperformancecapacities.Furthermore, theseend-of-chainmeasuresdo little to reduce
thelikelihoodofnewfallsandevents.Itseemsratherunlikelythatthepatternoflatentfailureswillbe
identicalforthenexteventasintrinsicandextrinsicparametersarechanginginaconstantflow.Itis
ofgreaterimportancetoelucidatethoseprocessesandfactorsthatstabilizecomplexsystemsofhealth
conditions.Thisapproachofpositivecapacitiesgivesplaceforamorepersonalizedpreventiveapproach.

Thisbookof15chaptersprovidesrelevanttheoreticalandpracticalframeworksintheareaoffalls
prevention.Thetargetaudienceofthisbookofchaptersareresearchersandpractitionersworkingincare
pathwaysinvolvinggoodpracticesoffallsprevention,e.g.inhomecareandcommunitycaresettings.
Moreover,thisbookwillprovideinsightandsupportleadershipconcernedwithmanagementoffalls
preventionasbeingpartofintegratedcareofolderpeople.

The first chapter on “Twin Contributors to the Physiology of Ambulatory Wellbeing and Falls
PreventioninAgeingPopulations:FunctionalSenescenceandAbnormalPathologicalChange”hasits
focusonpredominantlyalignedprocessesofnaturalsenescencealignedwithnormalageingprocesses,
alongsidethosepathologieswhichconstituteabnormalpathologicalprocesses,whichoccurmoreoften
inolderadultsasaconsequenceoftheseprocessesofsenescence.

Thesecondchapteron“IntegratingSocialandHealthServicesforPeople,CommunityHomes,and
Places”providesexamplesofhowtoconnectassessment,interventions,andmonitoringtoacoherent
frameworkapproachthatmitigatestherisksandtheimpactoffallsonanageingsociety.Thechapter
exploreshowtechnologicalinnovation,urbanplanningandregionalpoliciesthatareculturallyrelevant
canbeincorporatedincreatingacirculareconomywhilemeetingtheneedsofanagingpopulationand
preventingfallsandcognitivedecline.

Thethirdchapteron“Fall-Risk-IncreasingDrugs:Background,CurrentEvidenceonDeprescribing,
andFuturePerspectives”providesasummaryofcurrentevidenceonfall-riskincreasingdrugsfromthe
literatureandexpertopiniononthistopic.

Thefourthchapteron“BoneDensityandFallRiskScreeninginAlgarve:APreliminaryStudy”
demonstratesthatthepostmenopausalfemaleseniorswhoadheretotherecommendationsfortheregular
programofphysicalactivityafterosteoporosisscreeningoneyearlatershowaslowerdecreaseinthe
BMD.

xv
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Thefifthchapteron“EffectsofSpaceflight,Aging,andBedrestonFalls:APerspective”covers
aspects related to falls induced by immobilization (bedrest confinement). Interestingly, spaceflight
inducedphysiologicaldeconditioningpredisposesastronautstohigherriskoforthostaticintolerance
and,consequently,falls.

Thesixthchapteron“TheRoleofNeuroimaginginFallPreventioninHealthyAdultsatRiskof
Alzheimer’sDisease”providesadiscussiononthedegreesoffall-relatedinjuries,pain,andseverityof
fallsinelderlypeopleatriskofAD.Further,adiscussionisprovidedontheclinical,socioeconomic,
andpublichealthimplicationsoffalls.

Theseventhchapteron“FallRiskandtheUseofExerciseasaFallPreventionStrategy”hasits
objectiveofidentifyinghow,whichandwhen,physicalexercisecancontributeinrelationtotheriskof
fallingintheelderly.Throughanalysisofarticlesandrecentreviews,thechapteraddressestheinfluence
ofstrength,power,aerobic,andmulticomponentexercisesintheirvariouscomponentsandpossible
influencesontheriskoffalling.

Theeighthchapteron“FallsPreventioninEducationandTrainingofHealthcareStudents,Profes-
sionals,andNon-Professionals”isthefirstoftwochaptersoneducation.Educationisakeyfactorto
preventfalls.Nationalrecommendationshavebeenpublishedtoguidethehealthcareprofessionals’
work in fallsprevention. Inaddition, interprofessionalcollaborationbetweendifferentorganizations
havebeendonetopreventfalls.Thiscollaborationhasproducedevidence-basedfallsriskassessment
tools,fallspreventionprogramsandmaterialsadvisingolderadultstopreventfalls.Healthcareand
educationalorganizationsusethesemethodsandmaterialstoeducateprofessionalsandstudentsinthe
riskassessmentandpreventionoffallsamongolderadults.Finlandisagoodexamplehowhealthcare
professionalsfromdifferentsettingsanduniversitieshaveworkedtogethertoincreasetheknowledge
aboutfallsandskillstopreventfalls.Goodcollaborationcanpreventfallsnationally.

Theninthchapteron“FallsPreventionEducation:GoodExamplesFromHigherEducation”takes
aEuropeanperspective.Thedevelopmentofnewknowledgeandresearchmustbeechoedineducation
andtrainingofhealthcarestaffandalsointhesociety.Thereisanurgentneedtodevelopaninterdis-
ciplinaryandinterprofessionalMasterofGerontology(“MasterofActiveandHealthyAging”),which
bringstogetherresearchandpractice.

Thetenthchapteron“HealthandFallRiskMonitoringWithinCommonAssessments”presentsan
exploratoryreviewontheevaluation,assessmentandmonitoringinhealthandfallriskbycommonand
mostusedassessmenttools.Themaindiscussionofthischapterofevaluationinhealthandfallrisk
aredividedinsixcategories:GlobalHealthAssessment,SpecificPhysical(andFitness)Assessment,
CognitiveandPsychologicalAssessment,PharmacologicalAssessment,FallRiskSpecificAssessment,
andsomeComplementaryAssessment,whicharefocusedinshowinformationandhowtoaccessac-
cordingtoitsreferences.

Theeleventhchapteron“PatientSafety:ThePatient’sPerspectiveFromPublicSectorHealthIn-
stitutionsintheAlgarve”givesaperspectiveofpatientsafetyculturebyusersofpublichealthunits
throughaqualitativeanalysisofopenquestionsasked.Thesampleconsistsof241patientsfromthe
healthregionofAlgarve.Fromthepatients’pointofview,theevolutionofpatientsafetyistheresult
ofanunderstandingofthemeaningofthehighlightedterms(safety,health,meaning),aswellasofthe
interventionandimprovementinthesecategories.

xvi
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Thetwelfthchapteron“FallPreventionActivitiesandResourcesinNorway:AReview”conductsthe
relevantliteraturereviewtodeterminecurrentknowledgeandpracticesrelatedtoadultfallpreventionin
Norway.Itincludesscientificpublicationsonstudiesandtools.Thereviewextendstoincludetheclinical
studiesandresourcesofferedbythehealthcaresectorthatwasmadepubliclyavailableontheirwebsites.

Thethirteenthchapteron“FallsandFallInjuriesasSocietalChallengeinNamibia”showshowthe
implicationsoffallsonpublichealthpracticeinNamibiaarethatapproximatelyhalfofolderadultsdo
notdiscusstheirfallincidentswithhealthcareproviders.Theaimofthechapteris,therefore,todefine
theconceptfallsfocusingintheNamibiancontextandoutliningthecauses,highlightingthemostvul-
nerablegroups,andidentifyingthepreventivemeasures.

Thefourteenthchapteron“IntegratedCareinPrevention:MaturityandUpscaling”discussesthe
distinction between health and health economy assessments, and proposes a Common Assessment
FrameworkforActiveandHealthyAgeing(CAFAHA)asideallydesirable,evenifnotyetfullyfeasible,
giventheactivitiesdevelopedwithinEuropeanInnovationPartnershipforActiveandHealthyAgeing
(EIPonAHA)since2012,nowmovingintoitssubsequentframeworkonHealthyAgeing.

Thefifteenthandlastchapteron“InformationandProcessinHealth”underlinestheimportanceof
cooperationandpartnershipinhealthyageingenhancesandenrichestheunderlyinginformationand
processmodelswithinintegratedcare.Thischapterdescribesanalgebraicframeworkforrepresentation
offunctioningdatatypicallyfoundincontextsofintegratedcareprocessesinhealthyageing.

TheideaforthisbookemergedfromactivitiesintheActionGroupA2ofFallsPreventionwithinthe
EuropeanInnovationPartnershipforActiveandHealthyAgeing(EIPonAHA).Preventingfallsand
fallinjuriescontinuestoremainatargetforpreventioninEuropeandaroundtheworld,asshownand
representedbychaptersinthisbook.

xvii
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ABSTRACT

Being able to theoretically underpin the gerontology of ageing is a fundamental part of designing and 
constructing bespoke research and care interventions for the exploration of fall prevention in practice. 
Within the context of home care and community-based settings being able to integrate fall prevention into 
the integrated care that older people receive, their ambulation, health, and wellbeing, and subsequently 
their longevity in senior years, can be extended and sustained in terms of quality and satisfaction. This 
chapter contextualises and frames falls and fall injuries as a societal challenge by deconstructing the 
characteristic physiological processes of senescence and identifying key areas for fundamental address 
in the prevention of falls ‘in situ’. The chapter’s focus is predominantly aligned to those processes of 
natural senescence aligned with normal ageing processes, alongside those pathologies which constitute 
abnormal pathological processes, which occur more often in older adults as a consequence of these 
processes of senescence.

Twin Contributors to the 
Physiology of Ambulatory 

Wellbeing and Falls Prevention 
in Ageing Populations:

Functional Senescence and 
Abnormal Pathological Change

Catherine Hayes
University of Sunderland, UK
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INTRODUCTION

With increasing numbers of older adults living beyond the age of 65 years, so too is there a correspond-
ing increasing number of falls in the home, which constitute the most significant number of injuries in 
adults of this specific age group (Moreland, Kakara and Henry, 2020). Statistical analysis reveals that 
the risk of falls increases exponentially with age, which can lead to potentially long term issues and 
challenges with the maintenance of ambulatory wellbeing as a consequence of resultant physical dis-
ability or impairment, and consequently contributes to poorer outcomes in quality and longevity of life 
(Tornero-Quiñones et al, 2020). Fatalities arising as a consequence of falls in those aged over 65 years 
and can be attributed to up to one third of all accidental deaths in this age group (Mielenz et al, 2020). 
These rates of mortality are largely preventable in relation to those necessitating long term care within 
nursing home and residential care settings (Drake et al, 2021). It is the normal processes of senescence, 
which impact on the physiological decline of ageing adults (Katsuumi, 2018; Faragher, 2017). Being 
able to accommodate and account for these within complex individual physical and social care provides a 
sound rationale for the integration of falls prevention strategies in the overall health continuum for older 
adults, where modifications can be made to prevent risk of future falls (Khong et al, 2017). Since once 
an older adult has fallen once, they are statistically two thirds more likely to fall again over the next 12 
months, this can be a significant means of avoiding elevated rates of morbidity and mortality in this age 
group (Bartosch et al 2020; Gazibara et al, 2017). This chapter constitutes a theoretical contribution to 
the gerontology of ageing, so that the target audience can potentially develop a comprehensive knowledge 
and understanding of the physiological processes of senescence. For those professionals seeking to align 
strategic interventions with what is practically achievable remains one of the greatest challenges in this 
field of gerontology (Schapmire et al, 2018; Skinner, Andrews and Cutchin, 2017). Encouraging active 
and healthy processes of ageing not only benefits individual members of society, it has wider economic 
implications for health services, which deal with the implications of normal physiological senescence 
as greater numbers of older adults live into old age and, as a consequence of this, are more likely to live 
with morbidities which impact on their ambulatory health and wellbeing (Alcañiz, and Solé-Auró, 2018).

Functional senescence is part of a normal process of physiological ageing. This encompasses the 
gradual deterioration of the organs and systems of the body alongside a progressively decreasing capacity 
for function by the body’s processes of homeostasis (He and Sharpless, 2017). In terms of finality, the 
process of senescence leads to progressive dysfunction and eventual death. The fact that this is a normal 
trajectory for the ageing body also provides an insight into how disease and ageing synergistically con-
tribute to the acceleration of death in older adults (Herranz and Gil, 2018). Providing an understanding 
of the basic physiological knowledge within the context of the process of senescence and disease, and 
their relevance to potential falls prevention initiatives is the overall aim of this chapter

INTERRELATIONSHIPS OF MULTI-MORBIDITY AND SENESCENCE

As part of the trajectory of chronological ageing, statistical evidence provides an insight into the cor-
relation between increasing age and increasing abnormal pathology. In this sense ageing is a natural 
process of physiological decline characterised by processes of physical change (Tieland, Trouwburst and 
Clark, 2018). It is these processes of the ageing process which can be attributed to the often very serious 
consequences of illness, which amongst their younger counterparts, may be perceived and experienced 
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as relatively minor. Comorbidities in ageing individuals are far more common in adults aged 65 years 
and older and these directly impact on the development, prognosis and consequent management of ill-
ness (van Onna and Boonen, 2016). Those systems such as the neurological, vascular, respiratory and 
musculoskeletal systems demonstrate clear processes of degeneration with age, and as ageing progresses, 
pathology is statistically far more likely to present as being symptomatically atypical, meaning prompt 
assessment, diagnosis and management can be significantly delayed (Bisdorff et al, 2013). Depending 
on the nature of these presenting conditions, some of which may be progressive or even metastatic, in 
instances of cancer, this can have devastating consequences, which might otherwise have been far more 
treatable, if diagnosed at an earlier stage of the disease process. Similarly, many conditions arising in 
middle age or earlier may progress to conditions which in combination with natural processes of senes-
cence can be potentially far more serious (Dodig, Čepelak and Pavić (2019).

Indicators of pathological processes, which might ultimately impact upon holistic processes of health 
and wellbeing are characterised by medical histories which for example may detail those conditions 
which were contracted or experienced in earlier life and which are now inactive but which may have a 
direct impact on an older person’s capacity to cope with disease processes or indeed the degree of im-
mune response they illicit in relation to infection (Rice et al, 2017). These medical histories may also 
provide an insight into current disease processes which are ultimately controlled by pharmacological 
and lifestyle changes, such as Diabetes mellitus or hypertension (Sciomer, 2019). In relation to this 
there can be an array of associated side effects of pharmacological interventions, which also mask signs 
and symptoms of pathologies which would benefit from early clinical diagnosis and management. The 
majority of these conditions can have a degree of relevance to the prevention of falls in ageing popula-
tions, since many develop slowly and can be termed progressive in terms of their degenerative impact. 
Typical example is atherosclerosis, which necessitates regular clinical monitoring so that medication can 
be appropriately modified to account for different stages of pathological change. Other conditions such 
as Multiple sclerosis or Rheumatoid arthritis can have relapsing and remitting stages, where preventative 
care in relation to the potential for temporary or progressive changes in ambulatory health and wellbe-
ing can be successfully managed (Briggs, Thompson and Conway, 2019; Mankia and Emery, 2019). 
This can have a direct impact on the overall longevity of these older adults where care interventions and 
preventative measures ought to be tailored to the individual needs of each (Stambler, 2017). The value 
of interprofessional and multi-disciplinary working arrangements between medical and allied healthcare 
practitioners cannot be underestimated here, and the capacity of these team members to accommodate 
functional change in ambulatory wellbeing is invaluable in the functional physiological avoidance of 
falls (Kenny et al, 2017).

COMPLEX MEDICAL HISTORIES AND FALLS IN AGEING POPULATIONS

Of those diseases, which more commonly manifest in ageing populations, many predispose older adults 
to falls, even those which may have started at an earlier stage in the life course trajectory (Brännström 
et al, 2019). In conjunction with this, the assessment, diagnosis and prompt management of conditions 
is made more complex by the fact that older people are far more likely to present with atypical or very 
non-specific signs, which are often overlooked and quite wrongly attributed to ‘old age’ (Buttigieg, et 
al, 2018). What is worthy of note here, is that there is no one specific disease state that is particular to 
age, although the likelihood of occurrence may increase as part of normal processes of physiological 
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senescence. Those disease states regarded as relatively minor in younger adults or children, can there-
fore lead to more serious outcomes for older people, especially in relation to falls when older adults are 
statistically far more likely to develop neurological, skeletal or vascular pathologies, all of which have a 
potentially direct and negative impact on the quality and longevity of life (Cho et al, 2018). Given that 
these conditions rarely exist in abstraction from one another the higher numbers of pathologies evident 
in older adults can complicate diagnoses and predispose them to a greater likelihood of falling (Padrón-
Monedero et al, 2020).

FUNCTIONAL DEFINITIONS OF ‘OLD AGE’

Operationalising a functional definition of ‘old age’, is fraught with the danger of labelling someone on 
the basis of the chronology of their age, rather than their stage of functional senescence. Since ageing 
incorporates the age related changes of functional decline (senescence) and those processes of patho-
logical change which ought not to be normalised, since there is the potential for them to be identified 
as treatable and as a consequence curable or at least manageable. The associated decline in vitality 
and the reduction in physiological performance at a cellular level acan lead to a reduced capacity to 
cope with environmental stressors and a correspondingly reduced capacity to cope either physically or 
psychologically with processes and outcomes of disease. Ageing is a slow and iterative process, which 
is largely variable impact at an individual level. The homogenisation that the term ‘old age’ brings to 
a whole generation is neither useful clinically or socially and often leads only to unintentional ageism, 
which directly impacts on the ability of older adults to access healthcare resources to the same extent 
as their younger counterparts (Covey, 1992). The need for accurate diagnosis and management of pa-
thology ought not to be secondary to the recognition and value judgement attributable to changes in 
the visible appearance of people and biased assumptions of their physiological or anatomical status as 
a consequence. What cannot be denied is that the normal ageing process leads to death and that age-
ing impacts on all chronologically old people to a greater or lesser extent. The progressive and gradual 
deterioration of functionality and a lack of capacity for regulatory homeostasis in response to external 
stressors ensures a steady and progressive decline. Cytologically, there is a natural decline in the number 
of functional cells and in terms of medical assessment there is often a degree of ambiguity in relation 
to which cells are actually malfunctioning due to physiological change or whether these can, with any 
degree of confidence be attributed to the ageing process. Ultimately, there is no medical intervention 
that can halt this process and as a consequence the optimal quality of life for patients ought sometimes 
to be prioritised before the extension of their longevity. This systematic vulnerability to both disease and 
external stressors of human physiology are what actually characterise what is traditionally attributed to 
‘old age’. Disease and ageing in this sense, progressively and systematically cause the acceleration in a 
reciprocal and irreversible process.

FUNCTIONAL ANATOMICAL CHANGES IN AGEING

As an integral part of the ageing process, there are distinctive anatomical changes in organs and physi-
ological alterations that primarily lead to:
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• Compromised neurotransmission
• Decrease in intellectual performance (e.g. leading to failing memory and confusion).
• Decreased renal perfusion
• Deterioration of special senses (e.g. leading to poor vision and loss of hearing)
• Exacerbation of deformity (due to the rigidity of collagen)
• Poor breathing capacity
• Poor oxygen uptake
• Reduced cardiac output
• Reduction in movement potential
• Reduction in nerve conduction velocity

PROGRESSIVE NERVOUS SYSTEM CHANGE IN AGEING

The sensitivity of the sympathetic receptors to circulating neurotransmitters is altered by the process of 
natural senescence in ageing. The greater intensity of response in the cardiac and vascular systems in 
older people have led to this being termed a hyperadrenergic state. In relation to a functional optimal 
nervous system in older years, no system demonstrates more clearly the need to remain active and to 
maintain a healthy lifestyle which engages capacity for ambulatory wellbeing and the prevention of 
falls in later life. The neurological system is dynamic in the sense that it changes throughout adulthood 
but this trajectory of change increases exponentially after the age of sixty-five years. This manifests in 
a decreased awareness to the sensations of touch and vibration (Mahbub, 2020). Increasing numbers of 
neurofibrillary tangles which develop within nerve cell bodies as a consequence of ageing are evident 
in the hippocampus. This is seen across all older people but to an even greater extent in those patients 
living with dementia. Those who have dementia have an increased number of neuritic or senile plaques, 
which have come to characterise the anatomical and physiological changes of Alzheimer’s disease (Sen-
goku, 2020). Senile plaques are thickened masses of degenerating neurites (constituted of small axons, 
some dendrites, astrocytes) with an amyloid (starchy glycoprotein) deposit in the centre. Plaques most 
commonly occur as a result of pathological ageing, as in Alzheimer’s disease, although they have also 
been frequently observed in normal ageing, beginning in the fifth decade of life (Sharma et al, 2020).

From the perspective of biochemistry, the decrease in enzymes actively involved in processes of 
neurotransmitter synthesis has been recorded alongside a dimininishing number of receptor sites or 
transmitters within the central nervous system and the peripheral nervous system. The reduction in mo-
tor system functionality is linked to the progressive decrease of dopamine uptake sites, which can be 
directly attributed to the loss of axons in basal ganglia pathways as part of age related change. Higher 
order association areas lose a greater number of neurons than the primary motor or visual cortex during 
the process of ageing, which has led to theories of how forgetfulness develops in older adulthood. Even 
a minor degree of neuron loss and decline in the capacity of dendrites to produce new spines has an 
impact. Whilst structural losses can be attributed to age related decline, which is also associated with 
processes of synaptic remodelling. This is closely linked to an overall decrease in sensory perception, 
alongside the presence of arteriosclerosis.

The functional implications of these changes all impact on the reaction time of older people. These 
processes are often attributed to the overall slowing of reaction time and the process of voluntary motor 
movement. Linked to physiological changes in muscles, this is another clear indicator of the need for 

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



6

Twin Contributors to the Physiology of Ambulatory Wellbeing and Falls Prevention in Ageing Populations
 

older people to maintain a degree of physical fitness, which contributes to the maintenance of optimal 
reaction time in old people (Toots et al, 2019). Exercise in itself is not proven to significantly improve 
reaction time though, since movement slowness is related to change in neural pathways rather than to 
the extent of muscle health alone. Reaction time can basically be defined as the length of time between 
stimulation and the motor response effected by it. It is also associated with nerve conduction velocity. 
In terms of growth and development at the other end of life’s trajectory, reaction time progressively 
improves as a child develops more complex and developed motor skills. Scientific studies of complex 
reaction time detail that in research where there is a choice between two responses, that as the task 
becomes progressively more complex, then reaction time increases in line with the increasing age of 
the study participant. The complex neurological processes involved in maintaining balance, mean that 
the individual risk of falls is exponentially higher in relation to their age and this is accompanied by 
a variable change in reaction times during progressive ageing, once people reach the age of 60 years.

In the prevention of falls, older patients typically may be living with a number of chronic disease 
states, for which they may be taking an equal number of medications. These systemic issues are pre-
disposing factors to falling, which have a wider impact than just that of the individual who experiences 
them. Despite this, the chronologically aged ought never to be regarded as an indistinguishable category 
of personhood for whom there is minimal potential for the prevention of falls or systemic deterioration. 
The role of the health and social care multi-disciplinary team is invaluable in fulfilling this in the most 
optimal manner possible for the elderly.

FUNCTIONAL COGNITIVE ABILITIES

The synergistic relationship between the sensory and motor system is the basis for theories of intelligence, 
where cognition can be defined as the process of knowing and intelligence pertains to the application 
of knowledge (Sari et al, 2020). Cognitive processes specifically include:

• Attention
• Decision making.
• Learning
• Problem solving
• Reasoning

Without a degree of cognitive ability, negotiating the process of human ambulation is impossible 
and movement development is completely diminished. It is the nervous system which is responsible 
for cognition via the processing of thought and memory, where memories can be classified according 
to whether they are immediate, short or long term in duration. Whereas declarative memory entails the 
immediacy of memory, which may only last seconds or at most minutes, longer term memories can be 
recalled years later as they result in structural changes to the synapses that have a long lasting impact 
on signal conduction pathways. Ageing ensures an active decrease in capacity to undertake complex 
cognitive skills which involve memory. In those adults who are living with movement decline, it is also 
exceptionally important to consider their potential for change in memory ability.

Alongside these considerations, are considerations of what are termed either fluid or crystallised 
intelligence. Whereas fluid intelligence pertains to the logical capacity to form novel associations, and 
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can be readily measured via tests of reaction time and memory, crystallised intelligence is linked to ex-
perience and the learning associated with it. Whereas fluid intelligence peaks early in the second decade 
and then diminishes, crystal intelligence forms the basis of wisdom and is deemed to increase with time. 
The reason why some adults remain alert and active mentally and others disengage or show signs of 
dementia still remains largely unknown and highlights the need for further research, which inevitably 
will impact on the field of falls prevention research.

SENSORY DEFICITS

Motor activity in adulthood is guided by the sensory ability developed during adolescence. Decline in 
sensory function begins in adulthood and is progressive in nature. It is important that these may or may 
not link to a general decline in function and not necessarily all people experience them. From a somatic 
perspective, some ageing adults demonstrate a clearly diminished ability to effectively detect touch, 
vibration, temperature and pain (Borzuola et al, 2020). The largest of the body’s sense organs, the skin 
undergoes distinctive changes with ageing. From a structural perspective, the growth rate of the skin and 
its capacity to regulate temperature, injury response and to undertake growth diminish. Whilst extremes 
of temperature can be readily detected by older adults, their capacity to detect subtle temperature change 
is diminished. The sympathetic nervous system controls the degree of vasoconstriction and vasodilation 
to the skin and this is also impaired. Pain perception is still not fully understood in relation to the ageing 
process. Whilst deep pain diminishes with age, as yet research reports both an increase and a decrease 
in superficial pain sensitivity. What is abundantly clear, however, is the degree of vibrationary sensation 
diminishment which occurs in older adults usually starting at around the age of 50 but mainly in the feet 
and legs. The decline in sense of where joint positions are in space declines more evidently in women, 
particularly in relation to static joint position sensation at the knee joint, which may or may not be at-
tributable to the functional impact of a gynaecoid pelvic girdle and the position the knees relative to the 
hips, but this has not yet been proven (Maitre et al, 2013). This can impair balance and may contribute 
to the increased incidence of reported falls in elderly women, which is a significant aetiological factor 
in all-cause mortality and morbidity.

MOTOR DEFICITS

The incidence of vertigo and dizziness are very common presentations in general practice in patients 
aged over 50 years. The vestibular system and in particular hair cells are demonstrably degenerating 
with the consequent symptomology of dizziness. In relation to the vestibular nerve, by the time a person 
reaches the age of 75 years, the overall amount of myelinated nerve fibres has been reduced to just 60% 
(Liu et al, 2017). Aas a consequence of this, reliance on the vestibular system alone can result in falls, 
an important consideration in falls prevention strategies. Healthy older people with less of a degree of 
sensory deficit, have less of a degree of postural sway than those who do and as a consequence are far 
less likely to fall.
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OCULAR CHANGES

With a general increase in visual acuity increases in the twenties and thirties, which remains largely 
unaltered through to the forties and then declines, it is notable that by the age of 85 years there is an 80% 
less of visual acuity (Saftari and Kwon, 2018). It is the anatomical structural changes in the eye, which 
contribute to the apparent functional change. Accompanying processes of ageing, central vision may be 
impacted upon by the development of cataracts, which cause alteration of the lens. By the time people 
reach the age of 65, it is estimated that 60% of all people have a general reduction in their lens transparency 
(Donaldson et al, 2017). Cases of cataracts are more common in patients living with Diabetes mellitus.

VISUAL CHANGE IN RELATION TO THE POTENTIAL OF FALLS

Progressively the eye yellows due to the functional ageing process (Saftari and Kwon, 2018). The overall 
pupil size decreases and less light can enter the eye. By the time a person reaches the age of 60 years, 
the pupil has declined in size by at least 33%, with the resultant outcome that older people are far less 
likely to be able to detect low levels of light (Wolffsohn and Davies, 2019). If light becomes scattered 
over more of the retinal surface, then this results in glare. This glare then introduces external sources 
of light into the eye and because of retinal sensitivity loss, sudden flashes of light from headlights can 
transiently overstimulate the eyes. Alongside these manifestations, the contrast sensitivity and processes 
of adaptation to the dark decline dramatically with age. The loss of contrast sensitivity causes a loss of 
perception of depth, a major cause of falls on dark staircases and consequently a major aetiological fac-
tor in the increased incidence and prevalence rate of falls in the elderly (Rubiño et al, 2020). Whereas 
an adolescent might have functional adjustment to the dark in less than seven minutes, an 80 year old’s 
eyes may well take up to forty (Wang, Hiang and Chen, 2020).

The gradual and progressive thickening of the lens and a consequent inability to focus is called pres-
byopia. With progressing age, from 40 onwards, there may be issues with adjustment from near sighted 
positions to long sighted perspectives. This can have important ramifications in being able to judge 
functional distance and can have an impact on falls and consequently falls prevention, where regular 
eye tests and the prescription of lenses for spectacles, where necessary, can be addressed. When there is 
a lack of functional capacity to adapt to change altogether, usually at the age of 60 or above, the person 
is said to have presbyopia (Mordi and Ciuffreda, 1998).

Whilst not especially relevant to the context of falls prevention, it is also important to remember the 
changes in hearing acuity, which occur as a consequence of the ageing process as an integral part of 
functional senescence. It is usually high frequency tones, which are first affected but the capacity for 
speech is less impacted upon, since speech is heard at a lower sound frequency, although in instances 
of presbybcusis, there might also be issues with speech processing and discrimination. This lack of dis-
criminatory ability has more of a functional impact than hearing loss alone. Over 75% of all adults aged 
over the age of 75 years will experience this to a certain extent (ibid, 1998). Other associated sensory 
losses are in relation to the perceptions of taste and smell. It is pressure detection on the tongue which 
progressively alters, rather than tastebud functional decline, which is widely reported. Odour intensity 
detection capacity also decreases with age. There may also be issues of memory distortion and changes 
in relation to the psychology of eating, which impact on the perception of flavour and consequently the 
appeal of food for older people (Locher et al, 2009).
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ADJUSTMENT TO ENVIRONMENTAL CONTEXT AND SETTING

It is the modification of motor behaviour, which has the greatest impact in the consideration of the 
aetiological prevention of falls. This can impact directly, along with musculoskeletal change on the 
capacity of people to remain mobile on uneven terrain or in situations or environments with which they 
are unfamiliar Lee and Ailshire, (2020). Sometimes older adults then need to use walking sticks or Zim-
merframes, which can have an impact on self-image, as well as curtailing capacity for the individual 
movements they are capable of (Bertrand et al, 2017). Personality also impacts upon older peoples’ 
perceptions of themselves in terms of their individuality and the homogenisation they sometimes feel 
as they are classified on the basis of their chronological age. This can also impact on their hesitancy 
to use aids to walking, which may be perceived as the preserve of the ‘old aged’ (Canada et al, 2020).

Functional Adaptations to Mobility in Ageing

Reaction time is commonly used to tangibly measure the capacity of an individual’s central nervous 
system to pre-empt, initiate and sustain movement (Woo, Shin and Park, 2020). It has been found that 
in people aged 50 to 90 there is a directly linear increase in the time needed to plan for precise move-
ments of the distal extremities.

Whilst there is no universally accepted definition of fitness, and this is as individual as everyone 
alive, there are some very general definitions, which describe fitness as a state of optimal wellbeing and 
the capacity to successfully meet the present and potential physical challenges of life. This has obvious 
implications during the process of ageing and consequently senescence. To be fit, therefore, is to be 
adapted, adjusted, qualified or suited to some purpose, function or aim. ‘Fit’ also describes a person in 
good physical condition, or ‘healthy’. Physical fitness allows one, regardless of their age, to carry out 
daily tasks with a degree of alertness, without any sense of undue fatigue and with remaining energy to 
enjoy leisurely activities as well as being deliberately productive (Gadelha, 2018).

FACTORS INFLUENCING HEALTH AND FITNESS IN AGEING

Various additional variables out with chronological age can impact on relative fitness levels, such as 
growth and gender (Rea, 2017). What is clear, however, is that the capacity to undertake physical tasks 
iteratively declines with increasing age. Whilst this decline is primarily attributable to physical changes 
of senescence it is also evident that social and environmental factors are also greatly influential. This 
may be due to the decreased level of physical activity that older adults partake exercise performance 
levels can also be unduly influenced by environmental factors such as levels of pollution and air quality.

SOCIAL FACTORS IMPACTING ON PROCESSES OF AGEING

As well as the concept of longevity, social determinants of health have a great impact on the overall 
quality of lives lived, in contemporary society, namely:
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• Educational opportunity – which provides a mechanism which people can become upwardly so-
cially mobile and in turn be empowered and inspired to maintain a standard of living associated 
with positive health and wellbeing choices (Breen and Müller, 2020).

• Emergent technologies – which have ensured an access to both knowledge and the capacity to 
communicate never experienced prior to now.

• Public safety – which ensures that societal protection is evident in relation to the overall health 
and wellbeing of citizens and which can positively impact on quality of life and wellbeing (Prince 
et al, 2015).

• Social norms and attitudes, such as discrimination – being able to empower and provide a voice to 
what have been perceived as the most vulnerable members of society via democracy has enabled 
millions of people to live longer, more productive and healthier lives, instead of the oppression 
caused by discrimination on the basis of gender, sexual orientation, race or religion (Burnes, 
2019).

• Social order – which impacts on the capacity of all people to live in areas that have a tangibly 
lower degree of exposure to crime, violence, and social disorder, all of which can make a radical 
difference to perceived and actual health and wellbeing status (Baumann et al, 2020).

• Social support and social interactions characterise human behaviour – in instances where people 
do not have these, they are at an increasingly greater risk of the development of anxiety and de-
pression, which can have a cumulative and long term impact on perceptions and lived experiences 
of health and wellbeing (Briggs, Kennelly and Kenny, 2018).

• Socio-economics – the impact of available finances obviously impacts on the ability of people to 
access a regular income and to sustain a level of living that is commensurate with positive health 
and wellbeing (Petrovic, 2018).

• Transport infrastructure – being able to have access to travel, being able to drive and having 
having access to transport both enhance quality of life and achievable life experience. In some 
instances, this can also impact on the access to healthcare resources that people have, which can 
have a great impact on their capacity to regularly attend appointments or ensure their general 
health is optimal (Johnson et al, 2017).

PROGRESSIVE DEVELOPMENTAL CHANGE IN VASCULAR SYSTEM AGEING

Structural anatomical changes become evident in the heart, valves and vasculature with natural processes 
of ageing and normal senescence (Laina, Stellos and Stamatelopoulos, 2018). Within both the endocar-
dium and the myocardium, elastic tissue, fat and collagen increase in the endocardium and myocardium 
of the heart, the outcome of which is a stiffer and far less compliant ventricular system (ibid, 2018). 
There is also an increased incidence of electrocardiographic abnormalities in the hears of older adults, 
with a demonstrable decrease beyond the age of 60years of cells in the sinoatrial node (Nishijima et al, 
2018). Accompanying this, the valves become progressively more thick and calcified and this impacts 
on the closure and overall efficiency of the cardiac valves (ibid, 2018).

The proximal arteries have a tendency to dilate in parallel with increasing chronological age (Singam, 
Fine and Fleg, 2020). The increased amount of connective tissue and lipid deposition leads to a progres-
sive thickening of the blood vessels. The consequent outcomes of this are an increase in vascular rigidity 
and a reduction in vascular compliance.
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Within the cardiovascular system there are also notable changes in relation to ageing, which are 
not immediately apparent during rest. The increases at rest of the systolic and diastolic blood pressure 
can be attributed to the increased stiffness of the vascular system and decreased size of the peripheral 
vascular bed.

The compliance and elastic recoil of the pulmonary system are impacted upon by processes of natu-
ral senescence too, making it harder for respiratory muscles to move air into the system (Romano and 
Romano, 2020). The most evident being:

• Increased anterior-posterior diameter of the thorax
• Increased rigidity of the bronchioles
• Increased stiffness of the chest wall
• Structural changes in the elastic fibres of the lungs.
• Thickening of the mucous layer of the lungs
• Thoracic ankylosis and kyphosis

As a consequence of these changes, residual volume increases since more air is actively retained 
within the lungs. The amount of inspiratory reserve, expiratory reserve and vital capacity is reduced 
during both rest and active states. Alongside this, the surface area available for gas exchange also de-
creases due to changes in the function of the alveoli and substantial decrease in the number of pulmonary 
capillaries. Responses to ventilation in relation to increased levels of carbon dioxide or reduced levels 
of oxygen are also attributable to receptor, muscular or neuronal change. Ventilatory response in the 
elderly differs in older people can often be an indicator of exercise tolerance levels. There is evidence 
to suggest that training can effectively improve the changes in lung function which have been attributed 
to age (Seixas, 2020).

Older adults are generally happy with their level of fitness but underestimate their ability to exercise. 
As a consequence of this, they are less inclined to engage in exercise that is challenging to them, which 
again can have an impact in terms of how they react to exercise (Heiestad, Gjestvang and Haakstad, 
2020). As a consequence this can place more physiological pressure on already vulnerable systems. 
where this develops to the worst extent older people may not be able to continue their daily activities of 
living with a functional state of dependency ensuing.

VISUAL INDICATORS OF AGEING

The gradual progression of grey and thinning hair, accompanied by skin wrinkling and decreased 
muscle tone and increasing fatty deposits, typically characterises old age. Physiologically comparable 
is the gradual deteriorating response to environmental stressors, with renal and digestive functionality 
progressively diminishing (Baker and Blakely, 2017. The functional response of the body to temperature 
regulation, dietary intake and oxygen supply means that the maintenance of a constant internal environ-
ment is more physiologically challenging. Alongside the progressive decline in the sheer number of cells 
older adults have, there is also a diminished functionality of those that remain. Beyond the context of 
the cells themselves, the extracellular fibres also change in terms of their quality, optimal strength and 
overall number. The arterial walls harden and there is an increased incidence of arteriosclerosis. This is 
primarily attributable to the thickening of elastin and the uptake of calcium across the cell membrane, 
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which causes the characteristic thickening and hardening of the condition. Processes of mitosis become 
progressively reduced and diminished leading to the production of fewer replacement cells in the heart, 
bones and muscles (ibid, 2017).

In relation to the prevention of falls, these physiological changes are contributors to the physiological 
vulnerability of older people. Particularly where older adults develop more general issues in relation to 
their ambulatory health and wellbeing, where chronological age increases, the incidence of falls also 
exponentially increases. In relation to generalised pathological and age related change in the feet and 
lower limbs. The likelihood of tissue breakdown in the foot and lower limb is increased by ischaemia 
and peripheral oedema (Muchna et al, 2018). Healing can be further impaired by poor dietary intake, 
avitaminosis and poor tissue perfusion. Elderly people are more prone to develop neoplastic disease, as 
the incidence of neoplasm increases with advancing age. The disease state in the elderly is predominantly 
one of multisystem pathologies, many of which will be chronic degenerative processes that impair heal-
ing and negatively impact on the individual’s overall wellbeing.

Overall constitutional deterioration predisposes older adults to the development of pneumonia, 
particularly in those cases where they have been confined to bed for a prolonged period or in instances 
where there is a concomitant decreased cardiac or pulmonary function or respiratory infection (Focillo, 
2020). As a clinical outcome, pneumonia is also a common and frequently fatal complication following 
the occurrence of cardiovascular accident (CVA) or hip fracture, where major orthopaedic intervention 
is required and prolonged periods of immobilisation occur. Since generalised arteriosclerosis is more 
common in elderly patients, there can be extensive pathological change to the renal, coronary and cerebral 
vessels, resulting in pulmonary and peripheral oedema (Ungvari, 2018).

FALLS IN THE ELDERLY: THE FUNCTIONAL PHYSIOLOGY

The physiological impact of falls in the elderly can also lead to what is commonly known as ‘post-fall 
syndrome’ (Meyer et al, 2020). This leads to a reluctance to resume normal activities, stunted progress in 
the restoration of occupational normality and potentially anxiety and depressive episodes. The origin of 
these falls is often systemic in nature but can sometimes also be attributed to extraneous variables such 
as the external environment or the introduction of new drug therapies (Musich et al, 2017). In addition 
to this, from an anatomical and physiological perspective the origins of falls in the elderly can emanate 
from dysfunction or impairment, most commonly in relation to:

• Connective tissue disorders
• Dementia
• Endocrine disorders
• Myopathies
• Neurological deficit
• Vestibular function
• Visual capacity
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THE FUNCTIONAL PHYSIOLOGICAL IMPACT OF POLYPHARMACY

As incidence and prevalence rates of multi-morbidity increase, so too do rates of polypharmacy (Kingston 
et al, 2018). Polypharmacy is defined as the concomitant use of five or more medications per 24-hour 
period by any individual, however many older patients use considerably higher numbers of medication 
(Delgado et al, 2020). Not only are prescribed medications used to treat the clinical symptomology of 
recognisable pathologies, they are often used to ensure that patients can live a more bearable life in 
relation to their potential to experience pain, as a consequence of natural processes of degeneration, so 
characterised by ageing and natural senescence (Veronese et al, 2017).

Since older adults can develop a pharmacokinetic and pharmacodynamics response to drugs as a 
consequence of increased physiological sensitivity, then they are also more likely to present with is-
sues impacting upon their ambulatory health and wellbeing with symptoms such as dizziness (van den 
Anker, 2018). The need to reduce the amount of drugs taken due to the fact older people have decreased 
liver function and as such a correspondingly decreased capacity to optimally metabolise medication 
also places them at increased risk of adverse drug reaction (Drenth‐van Maanen, Wilting and Jansen, 
2020). Typical examples of these are local anaesthetics such as lignocaine or tricyclic anti-depressants, 
alongside stimulants such as caffeine. Systemic issues with renal clearance or renal dysfunction as part 
of the natural processes of senescence can also mean that drugs are not excreted effectively and remain 
in the system longer than they ought to – typical examples of these are those medications such as anti-
hypertensive agents, which can directly result in postural hypotension and as a consequence of this, 
ambulatory unsteadiness and falls (Navaratnarajah and Jackson, 2017).

Added to the potential for complex dose regimen, for patients who might also have functional and/
or untreated ocular decline, then the potential for drugs to be taken which are incompatible or even 
completely contradicted, is increased (Kim and Parish, 2017). Anti-hypertensive medications are not 
the alone as a significant drug group influencing the rate of falls in the elderly. Others include minor 
tranquillisers, hypnotics and sedatives, all of which can instigate postural instability, another precursor 
to falls. Considering their potential to depress central nervous system, this is hardly surprising. Those 
medications prescribed to reduce pain and swelling for musculoskeletal pain and injury such as non-
steroidal anti-inflammatory drugs can also have side effects of fluid retention or oedematous lower limbs 
accompanied by dizziness, postural instability and a predisposition to fall. Postural hypotension can also 
be an unanticipated side effect of tricyclic antidepressants and diuretics, where blackouts, dizziness and 
fainting can be precursors to serious falls (Pan et al, 2018). Osteoporosis can be a side effect of the long 
term use of systemic corticosteroids, which can also lower immunity to infection and predispose patients 
to an increased likelihood of falls and bone fractures (Rice et al, 2017).

CONCLUSION

The process of normal ageing is fraught with the potential for additional diseases which can run concur-
rently with abnormal pathologies, which may remain undiagnosed or undetected. All have the potential 
to impact on the general health and ambulatory wellbeing of older adults, which can accompany natural 
processes of senescence to the ultimate degenerative state of death. Being able to embed a working 
knowledge of the functional anatomy and physiology of old age, regardless of original academic disci-
pline or professional identity is fundamental to being able to intervene with strategies to ensure optimal 
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safeguarding against unintentional falls. This chapter has provided only a brief introductory overview to 
the most common physiological and anatomical changes, alongside considerations of polypharmacy and 
the wider implications of co-morbidities in older people. Whilst this chapter is relatively functional in 
approach to the annotation of anatomy and physiology, it ought also to be noted that beyond this under-
pinning knowledge, older people ought to be facilitated and empowered to share their own perceptions, 
needs and wants of how they wish to age and how they would prefer to live lives as fulfilling as they 
wish. As healthcare professionals, our privilege is to address and act on the seminally scientific facts, 
alongside their voices of lived experience in the co-construction of new knowledge.
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KEY TERMS AND DEFINITIONS

Ageing: Ageing is the process of becoming older, which is characterised by a process of natural 
senescence in older adults.

Ambulation: Ambulation is the act, action, or an instance of moving about or walking.
Deterioration: Is the process of degenerating or becoming progressively worse.
Gerontology: Is the science and comprehensive multidisciplinary study of aging and older adults.
Morbidity: The term used to describe suffering from a disease or medical condition.
Mortality: Is the state of being subject to death.
Outcomes: The outcome of a phenomena is the way something turns out or the active consequence 

of something.
Physiology: The specific branch of biological sciences that deals with the normal functions of living 

organisms and their parts.
Polypharmacy: Polypharmacy can be defined as the concomitant use of five or more medications 

per 24-hour period by any individual person.
Psychology: Pertains to the mental factors governing a specific situation or process.
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ABSTRACT

The challenge of an ageing population requires a paradigmatic shift in the way we provide social and 
healthcare services, demanding the need to prioritize the functionality and independence of older 
adults. The risk and subsequent fear of falling is one of the most high-risk states for older adults, as it 
generates a destabilizing effect on their health that is often hard to recover. It is essential to thoroughly 
address their risk factors and mitigators. This discussion needs to be made in light of a person-centered 
perspective that goes beyond fragilities to capitalize on the strengths of the older adults. The chapter 
provides examples of how to connect assessment, interventions, and monitoring to a coherent frame-
work approach that mitigates the risks and the impact of falls on an ageing society. The authors explore 
how technological innovation, urban planning, and regional policies that are culturally relevant can 
be incorporated in creating a circular economy while meeting the needs of an aging population and 
preventing falls and cognitive decline.
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SUMMARY

The current challenge of an ageing population requires a paradigmatic shift in the way we provide social 
and health care services, demanding the need to prioritize the functionality and independence of older 
adults to improve their quality of life and ensure sustainability of systems. The risk and subsequent fear 
of falling is one of the most high-risk states for older adults, as it generates a destabilizing effect on their 
health that is often hard to recover. In order to set up a system that is capable of managing falls, it is es-
sential to thoroughly address their risk factors and mitigators. Furthermore, this discussion needs to be 
made in light of a person-centred perspective that goes beyond fragilities to capitalize on the strengths 
of the older adults. The present chapter provides examples of how to connect assessment, interventions, 
and monitoring to a coherent framework approach that mitigates the risks and the impact of falls on an 
ageing society. We will explore how technological innovation, urban planning and regional policies that 
are culturally relevant can be incorporated in creating a circular economy while meeting the needs of an 
aging population and preventing falls and cognitive decline.

1. THE CHALLENGE OF AGEING IN EUROPE: AN OVERVIEW 
OF SOCIODEMOGRAPHIC CHANGES IN THE EU

The Ageing Report published by the European Commission in 2021 (European Commission, 2020) 
highlighted the total population in the EU is projected to shrink by 5% between 2019 (447 million) and 
2070 (424 million), with differences in national population trends, that show in 11 Member States and 
falls in the others. Further reading of the Report highlights that the EU’s demographic old-age depen-
dency ratio (i.e. the ratio between people aged 65 years and over and those aged 20-64) is projected to 
increase significantly in the coming decades: From about 29% in 2010, it had risen to 34% in 2019 and 
is projected to rise further, to 59% in 2070. This will result in a shift from less than four working-age 
people for every person aged 65 years and over in 2010 to below two in 2070.

Life expectancy at birth for males is expected to increase by 7.4 years over the projection period, from 
78.7 in 2019 to 86.1 in 2070 in the EU. For females, it is projected to increase by 6.1 years, from 84.2 in 
2019 to 90.3 in 2070, implying continued convergence between males and females. the EU population 
is projected to decline from 447 million people in 2019 to 424 million in 2070, with a dramatic ageing 
process whereby the median age would rise by five years over the next decades.

The total cost of ageing (public spending on pensions, health care, long-term care, education and 
unemployment benefits), is expected to increase by 1.7 percentage points to 26.7% of GDP between 
2016 and 2070. Within this scenario, long-term care and health costs are expected to contribute the most 
to age related spending rising by 2.1 percentage points between 2016 and 2070 (United Nations, 2019).

Demographic changes in the next 50 years not only mean that the population is getting older but also 
there will be less people contributing to the economic and financial prosperity of European countries, 
and State support to retired people will substantially increase. These demographic trends represent a 
multifaceted sustainability challenge for our societies: indeed, in Europe current policies will be faced 
with an increase by 4.1 percentage points of GDP between 2010 and 2060, from 25% to 29% that are 
age-related (pensions, health, and long-term care), with significant differences between countries (United 
Nations, 2019), thus threatening health equity. Raising the labour market participation of women and 
older workers could neutralise the effects of population ageing on the weight of pensions in the GDP. 

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



23

Integrating Social and Health Services for People, Communities, Homes, and Places
 

Currently, the COVID-19 crisis is still running and its full medium/long-term consequences are uncer-
tain, with the need to adapt economic policies to mitigate its short-, medium- and long-term impact.

In order to meet these challenges, it is pivotal supporting longer working lives by providing better 
access to lifelong learning, adapting workplaces to a more diverse workforce, developing employment 
opportunities for older workers and supporting active and healthy ageing.

Whilst this may address fiscal pressures it may not in itself decrease the burden and additional cost 
on health and social care systems in addressing age-related illnesses and diseases. Indeed, it may place 
additional burdens on the health and care systems as it looks to ensure older workers are fit and able to 
work. After all, they may also have age-related health needs, as well as any caring responsibilities that 
they can no longer provide if they are working longer.

Addressing these twin pressure points on society (age-related health and care needs, and fiscal gaps) 
will require Governments and Health and Care Providers to change the way health and care is planned 
and provided, by developing new models of social and health services. The 2021 Ageing Report interest-
ingly outlines a “healthy ageing scenario”, based on the relative compression of morbidity hypothesis 
and mimics improving health status in line with declines in mortality rates and increasing life expec-
tancy. According to such scenario, future gains in life expectancy are spent in good health, reducing the 
morbidity rate and healthcare expenditure (European Commission, 2017).

A person’s health and well-being will need to be considered in a holistic way, from prevention to 
treatment. We need to consider the social impacts as a key determinant of a person’s health and well-
being, from their living and leisure environment to their working lives. We will need to make greater 
use of health data, not just the individual’s, but also other data collected at population level by health 
and social systems, so that health providers are better able to predict needs and trends. This approach 
engages individuals and society to prevent and better manage ill health, age-related diseases and social 
needs (Liotta et al, 2018a).

Joining up health and social services is critical: for example, if we want to address obesity it may be 
insufficient to focus on nutrition and food intake only, we may need to consider broader health and well-
being plans covering physical activity that are tailored to specific socio-cultural contexts. We also may 
need to consider if there are any underlying conditions or potential causes (respiratory, cardiovascular 
etc) that could inform the types of physical activity a person could safely undertake. All this requires 
health providers to make greater use of the information it holds on a person, and how it uses and shares 
that information at the different levels (citizen and professionals across settings) to develop integrated 
care plans. This to allow the person to better self-manage their condition; to develop integrated treatment 
plans which will engage the right health and care professionals, as well as informal caregivers at the 
right time, providing the right treatment for the person (Clack & Ellison, 2019; Kickbusch et al., 2005)

2. EMERGING ECONOMIC AND HEALTH INEQUALITIES IN EU COUNTRIES

Although the financial crisis generated restrictions on healthcare spending (Schrecker & Bambra, 2015), 
survival rates of heart disease, stroke and cancer are all improving, in spite of increasing NCCD linked 
to worsening lifestyle factors (McNamara et al., 2017).

Such health inequalities are present in all countries, by gender, and across different age groups (Mack-
enbach et al., 2016; Beckfield et al., 2017), with a gap in life expectancy at age 25 between individuals 
with high level of education and low level of education around 2011 being—on average—7.7 years for 
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men and 4.6 years for women (Organisation for Economic Co-operation and Development [OECD], 
2017). The Health Inequality Report identifies three major determinants for this: health systems; eco-
nomic policy; and the wider social determinants of health. The estimated cost of health inequalities in 
the EU is €980 billion per year, (Mackenbach et al., 2011). For example, increasing the health of the 
lowest 50 percent of the European population would improve labour productivity (Suhrcke et al., 2008).

Life expectancy of people with low income and education is shorter than that of people from higher 
social classes in the EU (World Health Organisation [WHO] Europe, 2013; Commission on the Social 
Determinants of Health [CSDH], 2008). Supportive environments and disease prevention has been 
implemented by the partners of the EIP on AHA in the Blueprint for the Digital Transformation of 
Health and Care, where 2 of the 4 identified priorities focus on the use of digital solutions in supporting 
a proactive approach to health interventions:

• Data analytics for predictive risk stratification and prevention

Figure 1.   
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• Proactive prevention through empowerment, self-management, monitoring and coaching.

2.1 From Reactive Disease Management to Proactive and Anticipatory Care

A paradigmatic shift from reactive disease management to anticipatory care, and early identification of 
risk for adverse health outcomes along the lifecourse is an effective and sustainable approach to address 
health inequalities (Forster et al., 2018). Besides the social determinants of health, also environment 
and community conditions play a role in outcomes, together with availability, accessibility and quality 
of health services (Beckfield et al., 2017; Eikemo et al., 2017; Huijts et al., 2014).

Engaging the community to identify needs, developing partnerships that are multilevel and multior-
ganization allow to carry out analysis, as well as to implement and evaluate evidence-based innovative 
interventions, thus ensuring sustainability. Artificial Intelligence provides the opportunity to extrapolate 
risk strata using big data from multiple datasources: the challenge we currently face is now to make 
datalakes interoperable, to allow correlation analysis and data sharing between professionals and inform 
citizens. This is reflected in 1 of the priorities of the Blueprint on Digital Transformation of Health and 
Care: Digital support for integrated care.

Digitally supported approaches that engage at risk individuals in the adoption of healthier lifestyles 
stimulate self-reported monitoring, as well as for communication between professionals and citizens 
(Jylhä, 2009; Norman & Bambra, 2007), while supporting interventions that are tailored to the different 
risk strata. Coherently, the Blueprint also identified the 4th priority: Digital solutions for connected health.

2.2 People at the Center: Meet the Personas of the Blueprint 
for the Digital Transformation of Health and Care

The European “Blueprint on Digital Transformation of Health and Care for the Ageing Society ” (Eu-
ropean Commission, 2017) reflects the common policy vision of European policy makers, civil society, 
professional organisations and industry guiding the efforts of the EIP on AHA Action Groups and Refer-
ence Sites to mobilise investments and ensure the commitment of all actors.

The Blueprint has been focusing four key areas of work:

• Data analytics for risk stratification and prevention;
• Proactive prevention through empowerment, self-management, monitoring and coaching;
• Digital solutions for connected health;
• Digital support for integrated care.

The demand-side perspective has been analysed through the set-up of 12 personas, representing 
“population segments” with different conditions, grouped into a range of categories, along a matrix of 
age frames and intensity of health needs. There are different time points along a person’s life-course 
(pre-perinatal-childhood/young adulthood, working age, retirement and age under 80, and aged 80+), 
and several groups of needs intensity (generally well/good wellbeing, chronic conditions and/or social 
needs, and complex needs). Personas were developed along such matrix, in order to capture behavioural 
characteristic to take into account psycho-social forces and health choices influencing outcomes that 
could be improved by the adoption of digital solutions. The personas descriptions and their conditions 
were pivotal to extrapolate unmet needs and identify possible ICT solutions and categories targeting those 
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needs, identifying and specifying key ICT enabling technologies and high-impact use-case scenarios 
for active and healthy ageing.

3. THE OPPORTUNITY OF THE DIGITAL 
TRANSFORMATION OF HEALTH AND CARE

3.1 Privacy Concerns for Data Analytics

The advent of new IT technologies applied to the health sector has introduced profound changes in 
healthcare processes:

• The technological evolution in healthcare provides new and powerful tools to support the redefi-
nition of organizational-clinical processes, new diagnostic-therapeutic paths and new models of 
assistance to citizens / patients (Smart Health, eCare, etc);

• The evolution of the Medical Devices has led to the transition from single (stand-alone) medical 
devices to integrated and interconnected systems where sensitive data is exchanged and which 
could always be accessible (IT-MD Networks, MD sw, etc);

• The evolution of the management of systems and services in the health sector has opened up new 
scenarios for the data operability and usability, from Cloud Computing to the Internet of Think, 
from Mobile Health to Virtual Health.

At the same time, we realized the objective difficulty of allowing the data accessibility and while 
ensuring security and respect for privacy rights.

Indeed, new technologies introduce new risks for the operators and the end-user. These risks must 
be identified, assessed and managed both from an IT point of view (data and system security) and from 
a Medical Devices point of view (safety).

It is therefore necessary to apply new risk management models (identification, evaluation, measures 
and control) based on responsibility, and on the implementation of “system security” that is no longer 
only implicit in the device / technology.

Moreover, the entry into force of EU Regulation 679/16 (GDPR) has introduced important changes 
in the approach to Data Security.

This new approach, based on the concepts of accountability and risk management, pushes towards 
the implementation of a business management system based on Protection by default and by design, and 
on the adoption of adequate safety measures such as training, preventive maintenance and predictive, 
cybersecurity, business continuity, disaster recovery.

It is necessary, then, the healthcare companies are able to design and manage IT systems that:

• reduce the redundancy of information and the storage of data not strictly necessary for the purpose 
for which they are acquired, as required by the GDPR (protection by default);

• allow interconnection and interoperability between systems and with devices;
• guarantee safety and data security, but also the maximum usability of the information.
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Therefore it is desirable to define a common Data Protection Strategy based on a process and systems 
standardization program at regional and national level, in which GDPR compliance is taken for granted.

3.2 Proactive Prevention Through Empowerment, Self-
Management, Monitoring and Coaching

Technologies in health care will be a critical tool to transform health systems and services towards 
emancipatory models of person-centered and integrated care, adequate to older adults and aligned with 
the Health Ageing agenda (WHO, 2015). To promote a proactive prevention of poor health outcomes 
in geriatric care, older people should be included in the set up of their own therapeutic care planning. 
Specifically, the translation of person-centredness into practice needs to consider their personality, social 
networks, lifestyle, beliefs, interests and satisfaction with life (Smith & Gerstorf, 2006).

The significant increase of technology in health care has the potential to improve older adults’ qual-
ity of life (Hamm et al., 2016). For example, technology might assist to bridge communication between 
older adults living at home with their healthcare team, as well as with the community and social services. 
Such connections have shown impact on reducing loneliness and isolation, supporting independence, 
facilitating self-management of illness and social conditions. Concerning their health, older adults are 
empowered trough technology to use wearable devices to monitor their health parameters and make 
changes towards improvement of their health status with the support of health professionals coaching. 
Such a process their awareness of healthy behaviors, supports health literacy and promotes their engage-
ment in actives that can promote a successful ageing in place (WHO, 2015).

For these examples to become a reality, usability challenges of technological solutions in older adults 
have to be overcome. To accomplish the wished goals in fall prevention through technological interven-
tions, designers should have a co-creation approach from early-design stages of intervention development. 
One possibility might be the creation of personas to assist in the co-design of person-centered interven-
tions for community-based fall prevention. Personas portray older adult experiences and are an asset to 
communication and tailoring of individual needs and preferences. Such co-construction is expected to 
enhance acceptability of technological solutions among older adults (Bianco et al., 2015).

3.3. Digital Solutions for Connected Health

Health enabling technologies and sensor enhanced health information systems can innovate the way we 
live and manage our health, influencing interactions, and exchange of information. This is especially 
true when they are paralleled by adequate ICT and health literacy initiatives empowering citizens.

An active social life can slow health decline and improve physical fitness. Even if social activity is not 
considered to be formal exercise, socialization stimulates people to get up, and move out of the house. 
The development of a community of citizens/patients, supported by IT, may allow to share experiences 
of disease management and increase participation in social activities that improve their physical fitness 
and psychological condition. PERSSILAA (PERsonalised ICT Supported Service for Independent Liv-
ing and Active Ageing) is a multimodal service model, focusing on nutrition, physical and cognitive 
function, supported by an interoperable ICT service infrastructure, utilising intelligent decision support 
systems and gamification. PERSSILAA, offered to older adults (> 65 years) through local community 
service, has proved effective in frailty prevention when been seamlessly integrated with health care 
services (O’Caoimh et al., 2017). PERSSILAA has been engaging older adults by personalized offer 
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of a gamification layer. Serious games indeed can help patients to improve their health by enhancing 
physical fitness and coordinative abilities by combining increased motivation, game experience like fun 
and game flow and training. Serious games, particularly adventure and shooter games, already play an 
important role in health education, prevention and rehabilitation, e.g. to enhance health-related physical 
activity, improve sensory–motor coordination, change nutrition behaviour and prevent smoking (Wie-
meyer & Kliem, 2012).

Studies trialling multi-domain interventions targeting at risk populations show that cognitive stimula-
tion when deployed with other lifestyle measures and cardiovascular risk-factor assessment and treatment 
may reduce progression to dementia (Ngandu et al., 2015).

Cognitive training typically involves guided practice on a set of standardised tasks designed to reflect 
particular cognitive functions. Technology-based cognitive training and rehabilitation have demonstrated 
promising beneficial effects on various domains of cognition with moderate to large effect sizes (Ge 
et al., 2018). Neuropersonal Trainer® is a web-based platform for cognitive telerehabilitation through 
personalized gamified treatments for patients with neurological afflictions (brain damage, MCI, de-
mentia, Alzheimer’s, mental health, intellectual disability, etc.) (Solana et al., 2015). Game mechanics 
are mainly adapted to engage and motivate patients by transforming them into players by highlighting 
the skills acquired through scores and thus making the therapeutic process clear and funnier than usual. 
Further social dynamics borrowed by games can facilitate the development of networks between patients 
creating social connections and virtual communities that could be powerful clinical resources for elderly 
patients (Ascolese et al., 2016).

3.4. Digital Support for Integrated Care

There is no commonly shared understanding or definition of what the concept of integrated care means 
in more practical terms. In fact, integrated care schemes have been tried in different forms in several 
health systems around the world (WHO, 2016). It may thus not come as a surprise that there are chal-
lenges in interpreting the available evidence for integrated care. As a health intervention, integrated 
care does not easily lend itself to scientific evaluation and analysis. For instance, integrated care is not a 
single intervention that can be isolated from other elements of practice. In fact it can only be practiced 
in the “real world” rather than in controlled study environments. From a purely scientific perspective 
the validity of clinical trials on integrated care is thus bound to be questioned, and it has been argued 
that the scientific quality of the evidence base remains limited (WHO, 2010). Nevertheless, the evidence 
base that is now beginning to emerge from good practice in the field, albeit scattered, suggests a “value 
case” for integrated care, especially when underpinned by a context-sensitive implementation strategy 
and a carefully tailored digital support infrastructure (Kubitschke et al., 2017). Case studies evidence 
has shown, for instance, that reduction in the number of emergency admissions as well as in hospital 
length of stay for older people can be achieved (Local Government Association [LGA], 2016; Dorling 
et al., 2015). Further EU project evaluations have shown that care recipients, informal carers and service 
providers seem to value integrated services when compared with disjointed and patchy care delivery 
(Kubitschke et al., 2014). Also, it has been shown that - beyond care practitioners - informal carers and 
third sector organizations can be successfully brought into the information loop with the help of ICT. 
There are also indications that there might well be an “economic case” for integrated e-care, as also 
highlighted during the Covid-19 pandemic. But here again, much seems to depend on how solutions are 
put into practice. Digital solutions can facilitate the implementation of approaches to service integration 
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that are tailored in terms of type, levels and form, as outlined by VIGOUR project (VIGOUR Project 
Consortium, 2021). Simply adding ICT to existing service delivery processes will not automatically 
generate sustainable e-care services. A context-sensitive and multi-dimensional innovation approach 
needs to be adopted, paying equal attention to the ICT applications to be employed and to the working 
models to be supported by the latter (Lindner et al., 2020).

4. OUTLINING RISKS AND MITIGATORS FOR FALLS

4.1 Multimorbidity and Polypharmacy as Mitigators for Falls in Older People

Multimorbidity is defined as the “the coexistence of two or more chronic diseases” in one individual, 
and is increasing in prevalence globally. Multiple chronic diseases are often resulting in polypharmacy 
(Afshar et al., 2015). Additionally, geriatric syndromes, including falls, diminished cognitive capacity, 
socio‐economic deprivation, such as loneliness and/or missing informal assistance occur, all which have 
a strong impact on peoples’ quality of life as well as the quality of health care offered to this group of 
patients (Roller-Wirnsberger et al., 2020). It seems that certain diseases may be associated with increased 
risk of falling, whereas multimorbidity per se could be correlated to chronic recurrent falling (Tchalla et 
al., 2014). Risk factors for injurious fall tend to aggregate, representing different levels of risk for falls. 
Multimorbidity and polypharmacy with fall risk inducing drugs (FRIDs) have been shown to increase 
the level of risk of falling with a hazard ratio (95% confidence interval) to 12.67 (7.38–21.75) (Ek et 
al., 2018).

When examining drug-induced risk of falls in the elderly not only how many but also which drugs 
are prescribed should be carefully considered (Woolcott et al., 2009; de Jong et al., 2013). Drugs differ, 
indeed, in their propensity to cause falls being benzodiazepines, antipsychotics, antidepressants, anti-
convulsants and, though more controversial, opioids linked to a high risk. Also antihypertensive drugs 
may cause falls but with different level of danger among different classes being, for instance, 1 block-
ers more dangerous than ACE inhibitors. Remarkably, by interacting the one with the others different 
drugs may reciprocally potentiate their ability to cause falls. Other drugs may worsen the risks related 
to medication-induced falls by causing bone loss and increasing fracture susceptibility (Nguyen et al., 
2018). As recommended by Centers for Disease Control (Centers for Disease Control [CDC], 2017a) 
a careful medication review is mandatory in older people to make sure that dangerous drugs are not 
prescribed and dangerous drug interactions are avoided. Specific tools such as Beers criteria (American 
Geriatrics Society, 2015), the STEADI Initiative resources (CDC, 2017b) and the many cholinergic 
burden calculators available online may help in this process.

The Patient Safety 2030 report (Mair et al. 2017) suggests that polipharmacy management could be 
addressed by developing a holistic systematic approach that extends across the professional, cultural, 
technological and procedural boundaries. To this purpose, the SIMPATHY (Stimulating Innovation 
Management of Polypharmacy and Adherence in The Elderly) consortium explored how healthcare 
management programmes can improve medication safety and prevent patient harm by addressing the 
appropriate use of multiple medications (polypharmacy), involving patients to enable shared decision 
making. This improves patient adherence and medicines related outcomes.
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4.2 Physical Inactivity

Active and healthy ageing requires the promotion of physical activity and the encouragement of healthy 
towards exercise with a life-course approach, and an effort targeted to older adults (Vollenbroek-Hutten 
et al., 2016). Being Physical activity a life course approach of an healthy lifestyles, it is clear that it 
needs to be promoted and facilitated by the environment at each point in life. School, workplaces, cit-
ies, should be environments were people could exercise on a regular basis. It is of course necessary to 
create a culture that can include the need of promoting physical activity in each manifestation. In order 
to put this in motion, there is the need of a cultural revolution that allow to design our environments 
with this particular view in mind. Universities represent a key actors in the starting this revolution by 
the creation of educational programs that can help include the physical activity in the every day life. A3 
group developed a common vision on how physical activity can be defined and measured in older adults, 
providing an insight into future directions for promoting physical activity among older citizens at an 
EU level. A checklist of 10 important criteria has been developed to achieve this goal (Apóstolo et al., 
2018; Marcucci et al, 2019). In addition, this group has worked on the development of an interoperable, 
scalable ICT infrastructure to support screening, monitoring and trainings programs to encourage older 
adults to become more aware of their health status and support them in staying active (Jansen-Kosterink 
et al., 2019). In A3 partners experiences, technologies aimed at supporting aging in place must target 
health literacy, allow personalization in the design and in the use of the technology (Cataldi et al., 2019; 
van Velsen et al., 2015; De Luca et al., 2019a). This to overcome resistance from older adults towards 
new technologies. Further research should investigate the effect of these strategies on the adherence to 
technology to be used in daily life. A3 partners have indeed outlining a set of recommendations focusing 
on acceptance, barriers, and ethical concerns (Cabrita et al., 2019). Gamification layers can stimulate 
the adherence to innovative approaches to health promotion (de Vette et al., 2015).

4.3 Food Poverty and Malnutrition

Food intake is a key component of health that can contribute to prevent adverse health outcomes, espe-
cially related to a number of chronic diseases (Magni et al., 2017). Appropriate food intake influences 
the nutritional status and health: in order to outline and implement effective approaches, we need a joint 
effort for the translation of scientific information into practical interventions that have a tangible and 
measurable impact at both individual and population levels.

A3 group has been involving multiple stakeholders to outline a common vision (Illario et al., 2016) 
of the food and nutritional approaches to frailty prevention and management. Their objective is to carry 
out coordinated, inter-sectorial, multi-modal interventions to approach food and nutrition-related deter-
minants of frailty and improve the health condition and outcomes of older adults in Europe. The common 
vision that they developed focuses on an integrated nutritional approach, “Nutrilive”, that is represented 
by a structured Screening -Assessment- Pyramid - Model (SAM-AP) where the stratification of the nu-
tritional needs of older adults are linked to assessment, self-monitoring and interventions supported by 
innovative Information and Communication Technologies (ICT). To date, partners have deployed several 
experiences where innovative approaches are validated, to manage malnutrition for active and healthy 
ageing with a lifecourse approach (Di Furia et al., 2016). Indeed, partners have been setting up a new 
hospital screening tool for malnutrition, shared with Styria Reference Site; an evidence-based nutrition 
documentation tool for transfer processes of patients across setting fully validated and implemented in 
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ICT structure- ready for scale up across regions; a Web-based platform to ease malnutrition screening 
programme implementation, and includes freely available:

• Validated screening tools
• iPhone & iPad app
• Videos and guidebooks (translated into major languages).

The platform is being considered by the medical Delta Reference Site.
Tailored support for Parkinson disease patients, freely available in google store, supporting an inter-

vention based on these exer games from a personalised games suite, and also supporting personalised 
nutritional approach.

4.4 Dental Occlusion and Posture

The relationship between the dental occlusion and body posture represents a worldwide discussed is-
sue. The ideal balanced posture allows the higher effectiveness of movement in absence of pain and in 
maximum muscle energy savings. Conversely, a “faulty posture” involves a greater effort on the support 
structures and the loss of efficient body balance. This clinical condition can become, over time, the cause 
of a symptomatologically active alterations in both static and dynamic equilibrium with myofascial pain 
in the neck and orocraniofacial areas (Ministry of Health of the Italian Republic, 2017).

The influence of dental occlusion on posture at different internal or external disorders has been widely 
explored in literature. The human body, in fact, can be considered a biomechanical system with different 
functional units deeply interconnected among them.

Postural control is a complex function that involves different sensory inputs from the visual, somato-
sensory and vestibular systems. These sources of sensory information must be integrated at the central 
nervous system to regulate the orientation and stabilization of the body segments.

An example of relationships between static body balance and occlusion is that in young adults with 
a normal functional occlusion the static plantar pressure is influenced by the maximum mouth open-
ing. An improved postural stability was recorded in maximum intercuspation, during swallowing, in 
comparison to mandibular postural position, when relaxing the masticatory muscles after functional 
moments (Amaricai et al., 2020).

Thus, the examination of postural disorders must provide a pathway in the cranial-caudal sense and 
requires not only medical history and clinical evaluations but also specific instrumental investigations to 
identify its nature and extent through signs and symptoms of tension and pain in specific functional areas.

Specifically, an objective diagnosis of postural dysfunction related to occlusion is mainly based on 
the evaluation of mandibular asymmetry, dentoskeletal malocclusions and temporomandibular joint 
disorders as well as other perturbations that might modify the sensorial inputs for balance control (Julià-
Sánchez et al., 2015).

Some investigations suggested that there is a plausible evidence between the masticatory and cervical 
muscles, with a reciprocal connection between the trigeminal and vestibular nuclei, hence supporting 
the influence of the stomatognathic system on body balance (Julià-Sánchez et al., 2019). The modifica-
tion of mandibular position in the occlusion seemed to affect body posture, and vice-versa (Sakaguchi 
et al., 2007). An occlusal reequilibration may provide a beneficial effect on paired postural muscles as 
sternocleidomastoid, erector spinae, and soleus in young adults (Bergamini et al., 2008).
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However, recent overviews showed that, even if some associations have been found between occlusal 
factors and postural alterations, there is not enough scientific evidence to predict cause-effect relationship 
between these two elements alone. (Michelotti et al., 2011; Manfredini et al., 2012; Perillo et al., 2008).

A widest range of elements interconnected with body balance should be taken into account instead 
of separate evaluations. So, patients from infancy to the elderly suffering from postural, occlusal, os-
teopathic or orthotic disorders should follow a wide screening for other possible associated pathologies 
which may make side effects worse with time (Silvestrini-Biavati et al, 2013).

Novel technologies have been recently used to assess static and dynamic occlusion and body balance 
and smart devices are spreading to remotely investigate and manage the individuals’ muscle activity and 
pain via biofeedback.

The development of a homogeneous and evidence-based program for early diagnosis, monitoring 
and interdisciplinary treatment of occlusal and temporomandibular joint disorders related to orofacial 
pain and postural/gait imbalances from a young age should be considered mandatory by policy makers 
(Perillo et al., 2011). Finally, the creation of integrative and innovative health care framework in this field 
perfectly fits with the expected aims of the EIP on AHA to improve quality of life in an ageing society.

4.5 Cognitive Impairment

Falls and cognitive impairment (CI) are related and increase commensurate with age (Rebenstein, 2006). 
Both dementia (Meuleners et al., 2016) and its prodromal state, i.e. mild cognitive impairment (MCI) 
(Delbaere et al., 2012) are associated with an increased risk of falling. Between 40-80% of persons with 
dementia fall each year, twice the rate of those without CI (Tinetti et al., 2015). Falls increase the risk 
of institutionalisation in persons with CI (Myers et al., 1991) and reduce quality of life (Delbeare et al., 
2010). While many aspects of cognition are implicated, impairment in executive function, leading to 
a slowing of gait speed, is most strongly associated (Kearney et al., 2013) with even subtle deficits in 
healthy older adults found to increase fall’s risk (Mackenbach et al., 2016). Other risk factors include 
poor balance and reduced reaction times in those with established CI. Multiple intrinsic and extrinsic 
risks including psychosocial factors, poor vision, functional impairment and centrally-acting medications 
are also implicated (Mikkelsen et al., 2012). CI reduces awareness and insight into their deficits and 
those with more established CI often exhibit unsafe behaviours (Fernando et al., 2017). Neuropsychiatric 
symptoms including agitation, restlessness and disruptive or aggressive behaviours, are also factors that 
potentiate the risk. Not only is CI a risk factor for falls, falls may also accelerate cognitive decline such 
that a fall can lead to impaired mobility, delirium and consequently worsening CI. Screening for risk of 
falls could identify those likely to experience recurrent falls (Meuleners et al., 2016). Similarly, cognitive 
screening is essential to promptly identify CI and intervene to prevent falls.

Instruments sensitive to early cognitive changes such as the 6CIT (six-item cognitive impairment test) 
(Danielsen et al., 2016; Brooke & Bullock, 1999), the Qmci (Quick Mild Cognitive Impairment) Screen 
(Apóstolo et al., 2017; O’Caoimh et al., 2012; Carpinelli-Mazzi et al., 2020) and MoCA (De Luca et al., 
2019a), are appropriate for screening for CI in busy clinical practice. These help target more detailed 
person-centred evaluations, such as comprehensive geriatric assessment and a multi-factorial falls risk 
assessments. Early diagnosis allows prompt pharmacological and non-pharmacological intervention. 
Traditional falls prevention measures, such as the Otago programme, which are known to reduce falls, are 
less useful in those with CI (Nasreddine et al., 2005). Instead both cognitive and physical interventions 
tailored to those with CI such as cognitive stimulation and tailored physical exercise programmes can 
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reduce the risk of falls from the outset (El-Khoury et al, 2013), enabling the person to prevent their own 
falls (Lipardo & Tsang, 2018). Data is as yet limited but there are ongoing trials examining combined 
physical and cognitive training in early CI. Falls prevention measures are more likely to be successful 
in those with MCI as awareness of their limitations (Apóstolo et al., 2016) and the ability to learn and/
or train is usually preserved. Improvements in integrated care pathways specifically for people with CI 
who fall, which are currently fragmented are needed to improve outcomes for this important subgroup 
of older adults (Wheatley et al., 2019).

4.6 Falls and Visual Impairment

A significant increase in the prevalence of impaired vision with age, especially in subjects 75 years of 
age and older (Klein et al., 2001), is a well documented phenomenon (Klein et al., 1998). It has been 
demonstrated that the risk of accidental falls is higher for individuals with visual impairment compared 
with those with normal vision (Coleman et al., 2007; Freeman et al., 2007; Wood et al., 2011). It was 
estimated that globally, at least 2.2 billion people have a vision impairment or blindness, of whom the 
majority of people are over the age of 50 years (WHO, 2019).

Falls are the second leading cause of accidental deaths after road traffic accidents worldwide (Saftari 
& Kwon, 2018). The increased risk of falls in older patients is mainly due to a physical, sensory and 
cognitive decline expected with aging. The ability of balance and gait control (Cho et al., 2004), muscu-
loskeletal functions (Horling et al., 2008; Pijnappels et al., 2008), cardiovascular functions (Heitterachi 
et al., 2002; Ooi et al, 2000; Klein et al., 2013), vestibular functions (Ekvall Hanson & Magnusson, 
2013; Menant et al., 2012), somatosensory functions (Craig et al., 2016; Lord et al., 2002) and visual 
functions (Saftari & Kwon, 2018; Black & Wood, 2005; Broman et al., 2004; Coleman et al., 2007) 
have been suggested to be the important factors responsible for the increase in fall risks in older adults.

The consequences of a fall can cause serious injury, physical deterioration and institutionalization 
(Iglesias et al., 2009). The majority of patients with a hip fracture do not return to the level of activity 
of daily living, which they showed before the fracture (Abdelhafiz & Austin, 2003). The high mortal-
ity rate for individuals in the first year after a hip fracture is also well described, with rates of 20–35% 
(Goldacre et al., 2002).

Many visual functions deteriorate gradually during the normal aging process (Owsley, 2001). This 
may be due to optical media abnormality, age-dependent neuronal morphological modifications and/or 
a neurotransmitter system imbalance in the visual processing pathway, especially in the primary visual 
cortex or even the higher cortical loci (Zhang et al., 2008). In addition, eye diseases such as age-related 
macular degeneration, retinal dystrophy, diabetic retinopathy and glaucoma can independently be the 
cause of vision impairment. Visual loss is a broad term and is not only represented by measure of visual 
acuity and visual field. In fact, other components of vision such as contrast sensitivity and depth percep-
tion may affect the risk of falling and of hip fractures (Dhital & Stanford, 2010).

Vision loss is able to influence person’s balance, movement and the strategies used to interact with 
the environment (Brundle et al., 2015). The most falls occur while walking or doing routine tasks (Talbot 
et al., 2005) - 60% at home, 30% in public places and 10% in healthcare institution (Scott, 1990). Hip 
fractures have been linked to visual impairment to subjects measures of vision such as reduced visual 
acuity, contrast sensitivity and visual field (de Boer et al., 2004).
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Although there is considerable epidemiological evidence that older individuals with visual impairment 
are more likely to fall than those without, a Royal College of Physician audit showed that 50% of sites did 
not employ a standardized visual acuity assessment in these patients (Royal College of Physicians, 2009).

In conclusion, although the association between visual loss and falls would seem to be intuitive, it has 
remained a relatively understudied phenomenon until the last two decades (Dhital & Stanford, 2010). 
The development an efficacious and cost-effective multi-disciplinary intervention is desirable to act on 
the relevant factors associate with high risk of falls.

4.7 Falls and Vestibular Diseases

A significant increase in the prevalence of vestibular diseases with aging, especially in subjects over 
65 years of age and more is a well-documented phenomenon. The risk of accidental falls is higher for 
people with vestibular diseases. Moreover, in recent years in the Western countries, the average life span 
has increased due to the improvement of sanitary conditions and the greater effectiveness of medical and 
surgical therapies, and so the survivor of over-aged subjects are more than it used to be before. Of course, 
as a result of the above mentioned considerations, we appreciate to an increase in traumatic episodes, 
in old age, linked to dysfunctions of the vestibular apparatus. The vestibular apparatus has an essential 
role in maintaining the erect posture and in movement’s harmonious execution. Talking about balance 
disorders, the vertigo can be defined as a disturbance of spatial sensitivity with an incorrect sensation of 
movement of the body or of the surrounding environment, as well as the imbalance that is characterized 
by upright position sensation of oscillation of the upright position or instability / insecurity in walking 
(Goebel, 2000; Shepard & Salomon, 2000). Symptoms can frequently coexist or be sequential. Based 
on the characteristics of the symptoms, we can have two types of vertigo subjective or objective. With 
subjective vertigo, one feel like as actually moving. It has frequently a peripheral origin. In some cases, 
one may actually be swaying slightly. If a patient has objective vertigo, he feels like his/hers surround-
ings are moving. This phenomenon has generally a neurological origin. Causes of peripheral vertigo 
include: benign vascular (labyrinthine microcirculation) paroxysmal positional vertigo, labyrinthitis, 
Meniere’s disease (this condition causes objective vertigo, hearing loss, pressure in the ear, and tinnitus. 
Meniere’s disease can come and go, and you may experience symptoms for several weeks or months), 
trauma, ototoxic drugs. (Barbara et al., 2007; Marcelli, 2011; Haynes et al., 2002). The causes of central 
vertigo can include: vertebrobasilar vascular, demyelination, drugs (anticonvulsants, hypnotics), neo-
plasms, alcohol. (Migliaccio et al., 2004; Rinne et al., 1998). In the peripheral forms, vertigo can also be 
associated to hearing loss or tinnitus due to the proximity of the two sensory systems unlike the central 
forms, and to vegetative symptoms such as nausea and vomit. Frequently, especially in the elderly, we 
recognize non-specific disturbances of balance with instability conditions, movement uncertainty, syn-
copal episodes and falls. These symptoms are also justified by cervical pathologies. The most frequent 
symptom is paroxysmal positional vertigo suddenly arising, with unknown etiology that can frequently 
be the cause of falls (Kim & Zee, 2014; Brandt & Daroff, 1980; Yacovino et al, 2009). Most causes of 
vertigo are benign, but potentially disabling. In conclusion, the ratio of falls and dysfunctions of the 
vestibular apparatus is very high, especially in the elderly. A careful study of such organ function is 
required to improve its performance.
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4.8 Environmental Challenges Requiring Design 
Modification in the Different Settings

Housing and outdoor spaces and buildings impact people’s health and wellbeing, no matter how old people 
are. Improved housing conditions can increase quality of life, reduce diseases and prevent people from 
falls (WHO, 2018). Inclusive and safe outdoor spaces and buildings further foster social inclusion and 
participation in society. While constructing or retrofitting houses and public spaces, it is elementary to 
include people’s needs and demands on the built environment. Functionality, mobility, visual and hearing 
issues demand the attention of the building industry to aspects such as width, surface, cleanness and sig-
nage. It is also essential in built environments to offer room to user-centred smart solutions for integrated 
care, independent living and participation, such as eHealth, falls detection and social connectiveness.

The theme of the safety of the built environment in relation to the aging of the population is articu-
lated on the basis of many aspects concerning the quality of life and the quality of internal and external 
spaces. The risks of falling linked to the conditions and use of the spaces are associated with intrinsic 
risks - due to inadequate organization, construction and conformation but also to the sensorial aspects and 
those of using the spaces - and external risks due to specific impacts such as climatic (wind storms, heat 
waves), hydrogeological (floods, landslides) or seismic (collapses) risks. In these conditions, the risks of 
falling of the elderly population are accentuated starting from the known difficulties in normal operat-
ing conditions and from those of unexpected extreme dangers, to which it is more and fatally exposed 
than other user groups (Ulrich, 2001). From this point of view, political and technical-administrative 
decision-makers like designers must pursue an effective technical policy for a profound adaptation of 
spaces to the conditions of prevention and mitigation of the multiplicity of risks. An important goal must 
be identified in improving the accessibility and usability of spaces, escape routes, sensors for smart and 
“drop-proof” environments, but also the humanization of spaces (living spaces and care spaces). Those 
listed required interventions in a less performing built environment compared to old and new conditions 
of risk and exposure of the elderly population. Among many methods of intervention, it is necessary to 
grasp in advance the current transition towards operational digitalization in the phases of knowledge, 
design, construction, control, management and monitoring for the conception and use of spaces (Min-
colelli et al., 2018). The digital approach foresees evolutionary processes in planning and design, in 
which the way of considering people health and the tools used to guarantee it are changed, also taking 
into account the psycho-emotional and social nature of people for an expansion of the requirements in 
references framework.

4.8.1 Home and Family

Research shows that fall risks can be prevented through home modification. Home modification is 
adapting the environment to the normal changes that age brings, in order to make everyday life easier, 
independent and safe, reducing accidents. This involves the manipulation of many environmental factors, 
that in literature are reviewed under four categories: spatial organization, interior characteristics, sensory 
characteristics, and use of the environment. Useful changes can be increasing lighting throughout the 
house, putting in night lights, moving the furniture around, uncluttering the floors, adding lower level 
shelves, adding supports such as handrails, and changing how or where activities occur. Assistive devices 
and gadgets are a smart way to make activities easier and reduce the chances of falling. Families need 
to be involved in individualized home fall-prevention and safety plan.
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4.8.2 Hospital

New “therapeutic architectures” of hospitals must be characterized as agile and particularly equipped 
structures, which are related to nature and which have welcoming indoor spaces. In this way, the place of 
treatment should not be characterized as a space of discomfort and disease, but as an environment where 
comfort and humanization components of the treatment spaces is maximized (Morandotti, 2008). In this 
way, human body prepares itself for a health process in which the use of green spaces with a curative 
function is not secondary (Palombo, 1993). Each space must be considered taking into account its pe-
culiarities, the purposes of visual (signage, color codes, graphics) and physical accessibility, of creating 
an atmosphere of trust and security, of reducing stress, of relaxation, of providing energy (Boccaccini & 
Lenzi, 2002). The favorable conditions for treatment require that also medical and paramedical person-
nel be put in a position, through the design of appropriate spaces, to carry out diagnostic and medical 
procedures through a human centered design: in this case is fundamental the activity of industrial de-
sign and design thinking (Paolini et al., 2017). Finally, with the development of the smart environment, 
smart objects and Internet of Things (Dohr et al., 2010), in each hospital it is possible to obtain objects 
interconnected with the network to cope with many critical issues.

4.8.3 Nursing Homes

The health care residences, introduced in Italy in the mid-90s, are non-hospital structures that have a 
strong health imprint, which - for a period ranging from a few weeks to an indefinite period - host people 
who are not self-sufficient, who cannot be cared for at home and who need specific multi-specialist 
medical care as well as comprehensive healthcare (Auser Nazionale, 2011; Arbizzani & Di Giulio, 
2002). From this point of view, rest homes must make a qualitative leap in providing for a modification 
of indoor spaces in therapeutic terms, also with potential physical separation for the purpose of prevent-
ing conditions of possible infection or for specific hospital stays. This entails new concepts in the social 
and health organization, from hygiene to assistance, from management to technical-health equipment 
(Morena, 2014; Scarcella et al., 2014).

4.8.4 Co-Habitation Housing

The first experiences of co-habitation housing date back to the 1960s, when the multiple advantages of 
cohabitation were focused especially for self-sufficient elderly people. In the first instance, the ability to 
cultivate one’s sociality and hobbies should be carried out in one’s own home with appropriate indoor 
environment design solutions (Ahrentzel & Tural, 2015). Unfortunately, this is not always possible for 
multiple reasons including that of high costs. The reduction in costs that each user would have to bear 
to maintain his private home, can be invested in forms of co-habitation that have a return from social 
and health services up to the preparation of food (Chan & Ellen, 2017).

The co-habitation conditions offer elderly users the opportunity to be able to carry out their favourite 
activities, to use the most advanced technological devices and services, also in relation to the territory 
and the community to which they belong (Chan & Ellen, 2017). A dwelling is determined where one 
can grow old within a proximity or community welfare that responds to growing social needs (Roversi 
et al., 2018). New technical policies are necessary to create innovative housing structures (WHO, 2007), 
also starting from the public and state property to be redeveloped. In any case, the housing units should 
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be conceived in an innovative key with common spaces for collective and relational activities and more 
reserved spaces for the private sphere, using refunctionalization and building and urban recovery pro-
cedures (De Giovanni, 2014).

4.8.5 Protected Housing Complex

The Protected Elderly Housing Residential Complexes (APA) offer housing possibilities for elderly people 
with planimetric solutions of reduced surface but characterized by high flexibility of the spaces, to better 
support the autonomy of those who live there. One-room and two-room apartments are designed taking into 
account the functional ergonomic characteristics for living even when users experience slight reductions 
in psychophysical capacities. The characteristics of the structure, with telematic, assistance and health 
services, represent the basic requirement for facilitating personal lifestyles (Fondazione Cariplo, 2014).

The typological scheme of the apartments must necessarily be simple, with a mainly open living 
area that determines a living room, as well as the sleeping area consists of a bedroom and a private 
bathroom. Each accommodation must be free of architectural barriers and equipped with technical and 
ICT devices that allow the elderly to lead a life in autonomy and in total safety (Housing Learning and 
Improvement Network, 2007). The protected accommodations are intended for the elderly, singles or 
couples, with limited frailties, with a sufficient degree of autonomy but who need a controlled and 
protected environment, programmatically adjacent and connected to the Health Care Residences who 
can provide specialized services in conditions of particular needs. Among the best known models, the 
Continuing Care Retirement Community, specific in the experience of the United States, should be 
mentioned, which offers quality housing solutions integrated by proximity, home and light residential 
services (Lombardo, 2007).

4.8.6 Community

To define the conditions of expanded usability of urban open spaces, going beyond the first experiments 
conducted by Ronald Mace in 1997, Universal Design (UD) has extended its field of action to products 
and services studied with the methodology of Design for all (Preiser, 2017). More recently, these design 
approaches are referred to the development of smart solutions for information systems, for the security 
and control of spaces and for the management of services and flows. The design of the common spaces 
determines the accessibility conditions for a correct interaction between the person and the environment, 
in order to completely eliminate architectural barriers and the introduction of security measures for the 
use of urban spaces (Lauria, 2017). Older people with greater self-sufficiency must be able to use the 
spaces of relationship to improve their living conditions, while weak or non-self-sufficient users must be 
able to have the necessary spaces to manoeuvre the various walking aids as well as socialization activities.

The usability requirement must be understood in a broad sense, as the possibility of physical and visual 
access to spaces, of the possibility of being able to intervene independently on some environmental fac-
tors, of immediate identification of places and routes (Baratta et al., 2019). The care of outdoor spaces, 
including green spaces and urban parks, takes a particular value for elderly citizens as the landscape with 
which they relate daily, becoming a place of stay, recreation and contact with nature (Pineau et al., 2014).

The “wellness paths” represent an element of the quality of community spaces, based on mindfulness, 
on the innovation of technologies to help break down physical and sensorial architectural barriers and 
to support the functions of the person. With reference to Active Aging, there is a need for permeable 
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and accessible spaces, for “streets for people”, to raise the conditions of “well living” in the city, to be 
together, participate, share and cooperate (WHO, 2014).

5 INNOVATIVE APPROACHES TO PREVENT POOR HEALTH 
OUTCOMES AND INCREASE INDEPENDENT AGEING

5.1 Technological Innovations

The global market is witnessing the growing development of new technologies and devices that have 
the potential to assist older adults in their daily living, while preventing or delaying institutionalization 
(Kim et al., 2017). Technological innovations such as Assistive Technologies and Information and Com-
munication Technologies are resources that may improve aging in place for older adults and decrease 
the caregivers burden (Blaschke et al., 2009). The development of new technologies including Robots, 
Internet of Things (IoT), Smart Home and Ambient Assisted Living (SHAAL) and Sensors (wearable 
sensors or incorporated in smart homes) enable the provision of assistance, companionship, health and 
behavior monitoring. Such technological solutions have shown the impact in the improvement of mental 
and physical health, and quality of life. Technologies can be used to promote successful ageing in older 
adults in both the health and social domains (Task Force on Research and Development for Technology 
to Support Aging Adults, 2019).

5.2 Urban Form and Social Isolation

Since the introduction of agriculture, men abandoned the nomadic life: technological development, 
innovations and infrastructural improvements enhanced productivity and started to grow residential 
settlements that continued to be centers of innovation. Staying together imposed profound changes the 
social life of our ancestors, giving rise to class-structured society, formalized systems of laws, and a 
hierarchical territorially-based government, that led to increased child mortality and high levels of dis-
ease. Cohen and Armelagos in 1984 suggested that was largely caused by malnutrition consequent to the 
switch from a mixture of meat, grains, and fruit to a diet dominated by grains. Communicable diseases 
like malaria, tuberculosis, leprosy, influenza, smallpox and others existed during humankind’s hunter-
gatherer days, but it was only when the number of people in a given place became large enough that it 
was able to sustain direct life cycle bacterial and viral infections. Overcrowding, lack of clean water, lack 
of organic waste disposal, scarce personal and public hygiene, large number of people moving, poverty, 
famine war. For roughly 2500 years, cities have suffered powerlessly the devastating scourge of major 
epidemics and pandemics, which are “democratic” as they do not distinguish between rich and poor, with 
their dramatic social, economic and demographic effects changed history. From The Athens1 typhoid 
fever to Ebola today, it’s easy to see how civilizations are shaped by diseases. Only in the nineteenth 
century reformist movements, with the avant-gardes of a particularly attentive middle class, together 
with emerging disciplines such as public health and urban planning, sharing the goal of improving the 
physical and social conditions of urban populations, supported the need for integrated public interventions 
that quickly reduced the incidence of infectious diseases and overpopulation. During the 1870s, in fact, 
a series of new laws led to improvements in public health and hygiene. These included the provision of 
clean water, proper drainage and sewage systems and the appointment of a Medical Officer of Health in 
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every area. In 1875 the Artisans Dwellings Act allowed councils to clear slums and build better homes 
for working families. In 1876 the Sale of Food and Drugs Act banned the use of harmful substances in 
food, eg chalk in flour and Laws against pollution of rivers were introduced. In 1878 Epping Forest in 
London became a protected open space for local people to enjoy.

Current demographic trends outline a worsening of quality of life for older adults in the most set-
tings, be them urban or rural, as there have been no policy to adapt the built environment, for example 
in terms of accessibility.

Once the health crisis was over and with the introduction of new drugs, public health focused on the 
treatment of specific diseases, and the relationship between urban planning and health was loosened 
and then completely lost. At this time, cities are facing the “rising tide” of non-communicable diseases 
such as obesity, diabetes, hypertension and cancer. The increase in non-communicable diseases is in part 
due to the constant increase in the average life, which leads as a natural consequence to the increase in 
chronic diseases, but also to wrong lifestyles imposed also by the shape of the places. The best-known 
example is the obesity pandemic, and the consequent increase in cardiovascular diseases, associated 
worldwide with the decrease in physical activity, discouraged by the shape of the places, with the 
separation of the functions of urban spaces, urban sprawl and the inefficiency of public transport. The 
new massive urbanization which in 2007 for the first time in history has seen the population living in 
the city exceed that of the rural areas is another important element that has powerfully conditioned the 
shape of the places in recent years. Unprepared to deal with the aging population and to address the new 
mass exodus, the great urban centers are growing poorly. Schizophrenic cities where imaginative and 
fascinating “art objects” are proudly placed, meanwhile public space are non-existent or abandoned and 
neglected, where rapidly growing suburbs are rapidly transforming into slums and “informal settings”, 
where poor quality of the urban form turns into poor quality of life. If the form of the city reflects our 
idea of us, at this time it appears a sad, gray, and, above all selfish, idea. Cities become ugly, but above 
all bad and inhospitable, where people collides but never meets, where knowing each other and exchang-
ing knowledge that generates sharing and care is in fact prevented by the barriers imposed by the places. 
The poor quality of a place generates a sense of estrangement, places to which nobody feels to belong. 
Lost the sense of a life rooted in a place, traveling, wandering, moving is the new life project of adults 
and young people, the obsessive dream of an elsewhere where something can happen, where there is 
still a possibility and a hope.

Above all, the “bad” city steals time, the time of our life, wasted, spoiled, subtracted, fragmented and 
dilated at the same time. At the end of the day, the list of activities carried out is such as to fill more hours 
than a day contains. The time to think, to reflect, to elaborate the meaning of the things that are being 
done and the experiences that are being lived is stolen from us. A hostile environmental context, where 
every aspect of life is difficult and tiring, isolates, separates and causes stress. The price of a poor urban 
form is social isolation. There are strong evidences that high level of social isolation negatively impact on 
health outcomes and disease management (Singer, 2018). Lack of social connection, whether perceived 
or actual, induces a stress response within the body, removing energy and resources to the physiological 
processes maintaining body homeostasis, with a powerful impact on the cardiovascular and the immune 
systems. Thus, poor social connection can elicit negative physical responses e.g., high blood pressure, 
insomnia) and mental distress (e.g., anxiety, depression) (Cacioppo & Cacioppo, 2018). A poor urban 
setting (i.e. lack of transportation, dangerous suburbs) is conducive to social isolation particularly in the 
older adult. Urbanization rates and increase longevity has indeed created a dilemma regarding healthy 
aging (Gusmano & Rodwin, 2011). The World Health Organization reports that “at the same time as 
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cities are growing, their share of residents aged 60 years and more is increasing.” City planners must 
recognize the increasing trends of population ageing and urbanization, and respond accordingly to the 
needs of older people, particularly the most vulnerable cohort: persons of 85 years and older. The impact 
of urban planning on poor health, social isolation, physical inactivity is now well document (Carmichael 
et al., 2019; Thomas & Sanderson, 2013). Urban form can also help to create a sense of place, sense of 
belonging and emotional connection. Disruptions of this sense of belonging by, for example, removal, 
relocation or other dislocations have been found to have adverse physical and psychological health 
consequences Taske et al, 2005). Specifically, in lower socioeconomic neighbourhoods (Tesch-Römer 
& Wahl, 2017) where green space is lacking and environmental pollution is highest, as well a lack of 
integrity of walking infrastructure, road and traffic safety, personal security and lighting (Kerr et al., 
2012; Brownson et al., 2009; Ben Noon & Ayalon, 2018; Rowles, 1981). Neighbourhoods that enable 
informal social ties and social support networks that encourage and enable people to help each other 
can reinforce positive health behaviours (Greenshtein et al., 2020; Shaw, 2004). Thus, urban planning 
for healthy aging and fall prevention and maintenance of cognitive function are essential elements to be 
taken into consideration for wellbeing throughout the life span. For example, exposure to green environ-
ment seen from home was found also related not only to lower levels of depression/anxiety but also less 
stress level as reflected was related lower cortisol levels (Pun et al., 2018).

5.3 Social Connectivity in Culturally Appropriate Venues

In this view, a urban form that reduce meaningful “place in-between” where people can meet, talk, laugh, 
and make difficult access to leisure activities, induces social isolation thus influencing health. In search 
of strategy to counteract social isolation and its consequences on health, the role of leisure activities 
was investigated and results indicated that cultural and social engagement can be an important tools to 
increase and to maintain social connection. The existing evidence show that cultural participation may 
have strong and significant effects on life expectation, and more recent research seems to suggest that 
the impact is equally strong in terms of self-reported psychological well-being. In particular, it turns out 
that cultural participation is the second predictor of psychological well-being after (presence/absence 
of) major diseases, and in this respect has a significantly stronger impact than variables such as income, 
place of residence, age, gender, or occupation. The effect is particularly strong for the seriously ill and 
the elderly, where psychological well-being gaps between subjects with cultural access and subjects 
without cultural access is huge. Thus, an urban setting facilitating and encouraging cultural and social 
participation helps to fight social isolation and improves health. In this light, we need to rethink the 
connection between urban environment and public health.

Although the shape of places is recognized as an essential element for the maintenance and achieve-
ment of well-being and the topic is debated all over the world, cases of concrete application of the 
determinants of health in the design of the “environment” remain sporadic exceptions. In Europe and 
worldwide material and immaterial cultural heritage are driving Renovatio Urbis and development 
processes, Bilbao, Rouen, Paris, Berlin, Rome, Buenos Aires are well known examples of this strategy. 
Culture has the dimension that organizes social form, contributes to the well being of individuals and 
society by supplying a significant social identity, a sense of community. Thus, the cultural strategy of 
development goes far beyond the “sole” esthetic dimension, it is a fundamental part of a cultural welfare 
strategy and as such profoundly impacting on economic and social dimension.
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Despite the fact that more than 20 years have passed since the Ottawa declarations and scientific 
data clearly demonstrate the opposite, health remains, in the view of politicians and administrators, 
fundamentally a problem of “illness” to be addressed with the use of health care services and to the 
consumption of drugs, therefore of health competence. The resources for the promotion and protection 
of health remain in fact very scarce compared to those engaged more or less accurately in health systems. 
On the one hand, this myopic vision does not alleviate, but rather constantly aggravates the economic and 
social weight of health, on the other hand it effectively denies the value of the person in its entirety. The 
motivations and causes of this “cultural” attitude go beyond the purposes of this reflection, however, a 
“cultural” change is the necessary premise to face the problem of health today. Because the challenge is 
exceptional: on one hand to understand the “organized complexity” of the organism and the place and 
on the other their interaction to identify risk and protection variables and their causal relationships with 
respect to the final results. In order to face the current health crisis, 21st century medicine, despite its 
extraordinary progress, needs to re-establish relations with other disciplines that help it to draw reliable 
conclusions on the health of the population and on the methods required to guarantee it within a complex 
environment often characterized by uncertainty.

6 FROM STRATEGY TO IMPLEMENTATION

6.1 Regional Policies to Create Culturally Relevant 
Sustainable Communities to Support Aging in Place

Regions play a crucial role in the development and implementation of policies regarding active and 
healthy ageing. This is particularly true when competencies on health issues (public health and healthcare 
policy, planning, management and provision) are at regional level. This is the case of several Member 
States in the European Union and is reflected in the results of the las process of the European Innovation 
Partnership on Active and Healthy Ageing Reference Sites recognition. In most cases, social welfare 
and social care policies are regional too.

Regions represent an ideal environment for the consolidation and maintenance of these fundamental 
social welfare pillars. In addition to public authorities and its institutions, a wide range of partners from 
academia, research institutions, private and voluntary sectors, as well as civil society contribute to foster 
innovation to boost personal autonomy, prevent dependency, improve sustainability and efficiency of 
health and care services, and back entrepreneurship supporting employments in the field of AHA.

Working together in innovative ways helps to achieve the expected aims of the EIP on AHA: to enable 
citizens to live longer and healthier; while improving the quality, efficiency and sustainability of social 
and health care systems, contributing at the same time to economic growth through the development of 
innovative and competitive products and services in Europe.

6.2 Creating Supporting Community-Based Networks for Persons 
as They Age Including Their Family and Formal Caregivers

The elderly need the support of their informal caregivers, healthcare providers, and community groups 
in order to reduce falls and falls risks. In fact, these stakeholders can assist older adults in self‐manage-
ment of fall prevention, based on individual preferences, local resources, and community based interven-

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



42

Integrating Social and Health Services for People, Communities, Homes, and Places
 

tions. For this reason, it is necessary to disseminate falls prevention knowledge, expertise and resources 
through forums and meetings, promoting a comprehensive and systemic approach to falls prevention 
and to injury reduction. It is also necessary to promote cost-effective population-based interventions. In 
fact, targeted and evidence-based community programs have been shown to prevent falls as well as to 
provide a positive return on investment.

6.2.1 The “Long Live the Elderly!” Program Experience Could Be an 
Example to Overcome the Division Between Social and Health Services

The “Long Live the Elderly!” program (Comunità di Sant’Egidio, 2021) was born in Rome in 2004, as 
a response to the heat wave that in the summer of 2003 had caused thousands of unexpected deaths in 
Europe, in an attempt to prevent summer mortality. The philosophy of the program is that the emergency 
intervention in response to the heat wave is effective only if it is part of an active program throughout the 
year, which can thus, during an emergency, leverage procedures and relationships already established; in 
fact, the main risk factor that affects heat wave mortality is not only the psycho-physical condition of the 
subjects, but also social isolation. In fact, the main objective of the program is to counteract social isola-
tion through active monitoring of the situation of older people over 80 (those most exposed to the impact 
of social isolation) and the creation of a network of individual and collective relationships that involves, 
in addition to the elderly over 80, all those who voluntarily make themselves available to collaborate.

The intervention model is based on:

a)  contacting all over-80s in order to offer them a periodic assessment of their social and health needs, 
health promotion campaigns (eg “Tips for the heat”), assistance in handling bureaucratic issues or 
seeking formal assistance or informal and provide details of the office, active from 8:00 to 17:00, 
from Monday to Friday, to be contacted in case of need;

b)  strengthen the network of communities around sick and / or socially isolated people by involving 
people who live or work close to them in voluntary assistance actions;

c)  increase community awareness of the needs of the elderly.

The “Long Live the Elderly” program promotes a proactive approach to reach the entire targeted 
population, so as to prevent some individuals from being overlooked due to a lack of awareness of their 
care needs. Based on a list provided by the Municipality, all over-80s receive a letter and then a phone 
call to obtain their consent to be part of the program; the percentage of refusal is less than 5%. If the 
citizen accepts, a multidimensional assessment of his/her care needs is performed and the service begins. 
Based on the risk of a negative event, sized for each through a multidimensional assessment of frailty, an 
Individualized Care Plan (ICP) is drawn up and the citizen is included in the list of periodic telephone 
calls: the greater the risk of negative events, the more frequently it will be call the person, with a maxi-
mum frequency of once every two weeks, unless specific actions are required. In the event that an ICP 
is drawn up, the achievement of the objectives is periodically checked. The ICP can include the most 
different types of intervention (from planning structural adjustments to the apartment to reduce the risk 
of falls, to developing a treatment path that had been so far deficient; from identifying a paid assistant to 
completion of the paperwork necessary to obtain the disability allowance etc..). The program generally 
plays the role of the case manager, activating other formal services (for example home care) or informal 
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(a volunteer who takes care of accompanying the person at a medical examination), although in some 
cases it can intervene directly.

The activities of the program intensify when a heat wave occurs: all over-80s assisted by the program 
are tracked by phone and, if necessary, the staff intervenes with a visit to the house, bringing food and 
/ or medicine according to need, or by involving the citizen’s network of relationships. Throughout the 
year, the operators act as a link between the older adults assisted by the program and the community, in 
order to increase the social capital of both. Healthy over-80s, however, are also contacted at least three 
times a year and during climate emergencies to monitor their situation.

The activities of the program have recently been enriched by integration with the community nurse. 
It is a nursing figure who mainly provides for the evaluation and monitoring of specific aspects of daily 
life (degree of frailty, nutritional status, risk of falling, adherence to polypharmacotherapy, quality of 
life). It also performs a health promotion function by addressing specific issues such as, for example, 
anti-flu and pneumococcal vaccination. Finally, it represents a support to the General Practitioner, with 
whom he relates directly, improving the effectiveness of his action through attention to clinical aspects 
collateral to the prescription of therapies or diagnostic tests. This approach allows to overcome the 
division between social and health interventions which constitutes the main obstacle to the creation of 
effective care services at community level for the older population.

The program is currently operational in several Italian cities (in addition to Rome, Novara, Genoa, 
Civitavecchia, Amatrice, Naples, Brindisi, and Cagliari) and has around 14,000 subjects with an age 
equal to or greater than 80 years. In Rome, the Program was able to limit the increase in mortality during 
the heat waves of 2015 and 2017 by about 50% compared to other areas of the city where the program 
was not operational, with a reduction in expected mortality by 13% (Liotta et al., 2018b; Liotta et al., 
2018c). Furthermore, the “Long Live the Elderly” program appears to be able to reduce the hospitaliza-
tion rate in a sample of the elderly by about 10% in the first six months of follow-up by around 40% the 
institutionalization rate (Marazzi et al., 2015).

It is worth of note to underline that the program can represent an entrance door for the taking in 
charge of people over the age of 80, in order to assess their need for assistance and direct it to the most 
appropriate services. On the other hand, the participation of many older adults in the social protection 
networks implemented by the program itself highlights how it also involves people of a younger age or 
in any case willing to give a part of their time to others, thus creating an important drive towards active 
aging (Golinowska et al., 2017).

A further element of interest is represented by the costs saved in terms of hospitalizations or in 
avoided residential structures which are overall higher than the cost of the program (equal to € 81 per 
elderly person per year) (Liotta et al., 2018c). Although these are initial evidence that require further 
checks on larger samples of the population, a promising prospect is foreseen for the implementation of 
innovative services.

6.3 Integrated Policies and Implementation Practices Under the 
Concept of Smart Healthy Age-Friendly Environments

To live and participate in society, it is necessary that working and living environments are usable, ac-
cessible and reachable for all people, either they walk, drive, use a walker or wheelchair, have hearing 
or vision problems. With the ongoing digitization of society, digital solutions could assist to better 
prevent non-communicable diseases, promote independent living, thus favouring health and wellbe-
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ing. However, single digital solutions are not the panacea to all issues. Citizens need to improve their 
digital skills, health literacy, citizenship engagement and democratic participation. Environments face 
challenges: house retrofitting, digital infrastructures, public spaces and transport and climate neutral 
solutions. Finally, health and care need reliable and accessible big data, integrated and person-centered 
solutions (new pathways) and solid business models. All these challenges are interconnected and need 
a holistic approach.

In 2018, Caritas Coimbra and AFEdemy delivered a Joint Statement to the European Commission 
and Member States, defining 5 policy priorities to broaden the shared vision on the digital transforma-
tion of health and care - SHAFE – Smart Healthy Age-Friendly Environments. To create this shared 
vision in all its facets, achieving goals of healthy living, social inclusion and participation, the SHAFE 
network wants to draw the attention of policy makers, organisations and citizens to better align ICT 
with the built environments. This alignment must focus on an enhancement of the user-centred design 
of the major concept areas of People (e.g. citizenship, long-life learning, social interaction) and Places 
(as houses, built environments, community spaces and outdoor facilities). The reasons for this pledge 
are multiple (such as lack of real cooperation between policy pillars of health, infrastructure and digital 
innovation, unclear return on investment or business case, (digital and health) illiteracy and lack of 
funding and coordination), however it could be summarized as a pledge to realise SHAFE by focusing 
on better coordination and implementation and to involve (end)users from the beginning. From origin, 
SHAFE has its roots on the holistic age-friendly environments concept, developed by the World Health 
Organization in 2007, however further developed now into the new era of digitalization and health. This 
joint approach could assist to better prevent people from noncommunicable diseases, promote independent 
living, and thus favouring health and wellbeing. SHAFE needs a multi-faceted approach and multiple 
stakeholders to become really implemented. Single players are not enough to realize social inclusion 
and healthy lives for all. Therefore, it involves a broad network of stakeholders: varying from older and 
younger citizens, to businesses, financers and public authorities. With the start of the Thematic Network 
in 2018, it already laid ground for the integral approach of multiple stakeholders; it is now evolving 
to additional organisational and individual pledges aiming to continuously grow the network. Thus, in 
2020, the Stakeholders Network on SHAFE aims to achieve mainly Coordination and Implementation, 
specifically the following higher-level goals:

• Promote training of formal and informal caregivers (communities) on SHAFE, creating a toolkit 
and implementing training actions in multiple countries;

• Raise awareness on the need to enhance social care, building infrastructure and environment con-
ditions in order to move Health and wellbeing provision to the home and towards prevention – to 
a Health and Wellbeing value-based approach;

• Jointly develop sustainable business cases with insurance companies and investors to foster future 
investments on smart healthy environments;

• Modernise education of urban planners, architects and ICT-developers in general to focus on 
PEOPLE and PLACES and focus research on lifelong learning, evidence-based design, smart 
healthy environments and empowerment;

• Support public authorities and health and social care providers on implementing SHAFE, es-
pecially regarding building or restructuring the built environment to include ICT solutions with 
integrated health and care provision.
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6.4 The relevance of accessibility for an age-friendly environment

6.4.1 Accessibility: Framework and Definition

Accessibility means being able to be reached or obtained easily: the usability of a product, service, 
environment or facility by people with the widest range of capabilities. Every aspect of society, knowl-
edge, motion or rest, culture, should have no limits for people of every health’s degree: disable and non 
disable people need to be considered in a framework of inclusion and equality, in order to reach and 
produce social value and community empowerment (University of Cincinnati, 2021). Having an afford-
able approach means to make products and services easy and enjoyable in their features and interfaces. 
Removing physical and mental obstacles is pivotal to ensure to everyone the right to participate in 
cultural life, recreation leisure and sport, in political and public life as well as in placement and during 
the entire life-course.

6.4.2 Culture and environment: leisure and work

Closely related/linked to accessibility is the idea of universal design, and retrofitting the built environ-
ment to improve it. An environment should meet the needs of an entire population. Thinking about 
something accessible could be misunderstood: if you have no stairs, a place is reachable for a large 
number of people — no matter in what type of diversity they are living (Agenzia per l’Italia digitale, 
2021). So, it is truly required to architects and designers to think about “different shapes of humanity”, 
but it is equally important to have a person-centered perspective in designing things. It is a question of 
open-minded vision, where culture and education lead human growth.

6.4.3 Education, Media and Web

Learning should have no limits. To develop a user-friendly learning system, accessible contents need to 
be optimized for simply mental process — it is useful for every smart involvement. Information is more 
accessible and likely to be assimilated by learners when it is presented in a way that primes, activates, 
or provides any pre-requisite knowledge (National Center on Accessible Educational Materials, 2021).

According to The guidelines and Success Criteria of Web Content Accessibility Guidelines (WCAG) 
2.1, anyone who wants to use the Web must have content that is:

• Perceivable: information and user interface components must be presentable to users in ways they 
can perceive. This means that users must be able to perceive the information being presented (it 
can’t be invisible to all of their senses);

• Operable: user interface components and navigation must be operable. This means that users 
must be able to operate the interface (the interface cannot require interaction that a user cannot 
perform);

• Understandable: information and the operation of user interface must be understandable. This 
means that users must be able to understand the information as well as the operation of the user 
interface (the content or operation cannot be beyond their understanding)

• Robust: content must be robust enough that it can be interpreted reliably by a wide variety of user 
agents, including assistive technologies. This means that users must be able to access the content 
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as technologies advance (as technologies and user agents evolve, the content should remain acces-
sible) (World Wide Web Consortium, 2021).

If any of these are not true, users with disabilities — or ageing, will not be able to use the Web. As-
sistive technology can help and compensate every type of human need, with customization of interface 
(United Nations, 2021). Content creators should clarify vocabulary and symbols, syntax and structure, 
support general contents with explanations and examples; guide information processing and visualiza-
tion; encourage the use of multiple media for communication and of multiple tools for construction 
and composition (Center for Applied Special Technology [CAST], 2018; United States Department of 
Justice, 2021). This kind of procedure will undoubtedly be appreciated by both small kids and elderly 
people (Piaget, 1972; Piaget et al., 1974).

Governments, public organizations, associations and foundations, enterprises and citizens can col-
laborate to enable people to live independently and give them the opportunity to participate in every 
aspect of life: education, arts & crafts, leisure; culture, fun and amusement. Accessible transportation, 
technologies facilitate access to environment, both in urban and rural areas. Intellectual environment 
and knowledge have structure and rules that still need to be expanded.

6.4.4 Physical Accessibility Enabled by New Technologies

Human is, by his intimate nature, not self-sufficient at birth, his lack of self-sufficiency if not compensated 
by maternal care would preclude the continuation of life. Over time a homeostasis is established between 
endogenous and exogenous factors that allow to maintain an adequate level of autonomy. Diseases are 
one of the factors that most seriously undermine the physical integrity of the humans, leading to the 
emergence of disability. We can defend ourself from the diseases with prevention and improvement of 
care but despite all the technological advances, including those of regenerative medicine, to date the 
return from any disease to healing accumulates in our body an impairment of different degrees but in 
any case never absent. Over the course of life, each person accumulates impairments which, depending 
on the severity, affect his physical and mental abilities, progressively increasing his disability until he 
reaches, in extreme degrees, complete non self-sufficiency. In this process of individual’s health level 
potential decline, more than prevention and medical treatment, plays a fundamental and extraordinary 
role the possibility of intervening on the external living environment in which people live. The environ-
ment in which each person lives constitutes another variable that determines, to various degrees, their 
disability. The degree of obstacle that the environment represents, for the expression of their potential, 
it represents the handicap. It has long been understood the importance of acting on this factor to help to 
preserve as long as possible the residual abilities of the person. In the first instance the reduction of the 
Handicap was almost exclusively reserved to the removal of architectural barriers and to the adaptation of 
the safety characteristics of the life and working places. New technologies have subsequently introduced 
the possibility to intervene directly on the human body, by artificially reproducing structural parts or 
entire organs of it. The last frontier of this Handicap reduction process is the one offered by artificial 
intelligence that allows the production of a new generation of prostheses such as exoskeletons that applied 
to an individual can assist his movements. Another extraordinary example of the use of technology is 
the one of augmented reality applied to eye communicators that allow particular categories of patients, 
such as those suffering from motor neuron diseases (e.g. ALS), to be able to communicate and act 
with the outside world at an unthinkable level until recently. 5G, the latest breakthrough in information 
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technology, allows users to take advantage of augmented reality through eye communicators and the 
extraordinary interconnection not only between devices but also between simple household appliances. 
The patient with ALS will be able to interact with the outside in many ways: at a communicative level, 
by converting the words written through the eye pointer into voice, or by sending emails. From a prassic 
point of view the user, through the eye communicator, with a lift connected to a rail system, can move 
around his home and maintain a minimum of self-sufficiency. In conclusion, while waiting for medical 
progress, the use of new technologies is a valuable aid in the fight against non self-sufficiency.

7 EMERGING ENABLERS AND BOTTLENECKS

7.1 Training and Education to Enable the Adoption of Digital Solutions

The European Commission has adopted on 17 January 2018 the Communication on the Digital Education 
Action Plan (European Commission, 2018). The Action Plan outlines how the EU can help individuals, 
educational institutions and education systems to better adapt for life and work in an age of rapid digital 
change by:

• Making better use of digital technology for teaching and learning;
• Developing relevant digital competences and skills for the digital transformation;
• Improving education through better data analysis and foresight.

7.2 Data Sharing and Interoperability

While facing the challenge of how to provide modern healthcare, novel ICT solutions and devices for 
prevention, monitoring, home and cross-border health management are fast spreading and evolving. Many 
of these innovative tools also offer the opportunity of enriching the overwhelming amount of available 
information that may further contribute to support health management, research, policy makers and in-
novation in the associated sectors.

Notwithstanding these opportunities, data resources, when conceived and made available as additional 
deliverables, have restricted access and interoperability, limiting the full exploitation of the potential 
outcomes, as well as integrative efforts and long-term reusability.

Several steps have already been undertaken, which include: (i) the adoption of new guidance on in-
teroperability and standards for digital health and care, (ii) the strengthening of cross border health data 
(through the Connecting Europe Facility (CEF)), and (iii) new investments in large scale implementation 
of in digital health and social care programmes, both at national and regional levels.

Notwithstanding these efforts, there are still challenges that need to be addressed for maturing an 
interoperable eHealth environment considering all concerned levels and necessary competences. Among 
the main issues to be tackled there are the complexity of the overall information to manage, the project 
implementation plans which are not necessarily required for digitalized information sharing, the limited 
rules and standards to organize the varied data. Therefore, in the BIG Data era and in a “digital” world, 
the establishment of suitable standards for data and metadata collections still represents an open chal-
lenge for open, accessible resources.
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Fortunately, these aspects are not being left out of consideration for future action plans, as also men-
tioned in the European directives, since they are the keys for data integration and interoperability. A 
sustainable healthcare management, going from the transition from a hospital-based health care model, to 
personalised medicine, independent living or integrated health and social care, favouring early diagnosis, 
prevention of diseases and proactive re-design of working and living environments will favour citizens, as 
well as policy makers and enterprises, offering still underestimated social and economical opportunities.

7.3 Assessment and Change Management of ICT Adoption

According to the World Health Organization (WHO), e-health is a very broad and multidimensional 
concept, including the offer of technologies for diagnosis, care and assistance; the technical infrastructure 
and IT equipment necessary for the provision of these services; but also the cultural aspects related to 
the emergence of this technological innovation (WHO, 2005). Digital transformation in health and care 
needs adequate tools that offer decision-makers sufficient knowledge about the potential, advantages 
and costs associated with its introduction and use of innovative ICT solutions. It is already established 
that innovative solutions adoption varies among different countries (Currie Seddon, 2014) and the needs 
for effective business models to implement and adopt them are increasing (Kimble, 2015). An one-size-
fits-all implementation strategy for all of the health systems will most likely not succeed without either 
changing the technology and services or differentiate in the business models according to cultural and 
social contexts differences. E-Health solutions impact the patient’s health outcomes and lifestyle, the 
quality of the service provision and the professionals’ work, the equal accessibility to care by the citizens 
and data security. Underestimating the impact that the use of technology has on the system, without a 
change management planning, determines the failure of adoption processes. The main failure factor of 
innovation in healthcare is given by the underutilization from end-users (professionals and patients) of 
the new IT systems, leading to the so-called “IT productivity paradox”, for which there is a lack of return 
on investment against very high costs (Jones et al., 2012). IT can only contribute to the care path if the 
innovative solutions are adequately integrated into the assistance processes, work routines and daily life 
of end users. Knowledge of the care experience, held only by the patient, is particularly valuable. This 
knowledge can be enhanced through participatory design, in which the customer is no longer the passive 
recipient of a new product but is an integral part of the design and of the innovation process as a whole 
(De Luca et al., 2019b). The EU agenda for effective, accessible and resilient health systems (European 
Commission, 2014) indicates Health Technology Assessment (HTA) (Gabbay & Walley, 2006) and ICT 
as priorities to contribute to innovation, efficiency and sustainability of health systems. The Model for 
Assessment of Telemedicine (MAST) is an example of declination of the HTA methodology to evalu-
ate the efficacy and contribution to the quality of care of telemedicine applications (Kidholm, 2012). 
The integration between healthcare and citizens’ well-being has been addressed by the EIP on AHA in 
recent years. The update of the Blueprint for the Digital Transformation of Health and Care provided 
a methodology to develop persona types, representing citizens needs in a matrix developed along life-
course and complexity. Persona types share some unmet needs, related to dependency and caregivers 
stress, adherence to more or less complex treatment regimens, including healthy lifestyles, often safety 
and accessibility concerns and diverse degrees of social isolation. This approach facilitate the identifica-
tion of organizational, digital and sociocultural elements requiring customization to ensure adoption at 
a specific loco-regional level (European Commission, 2017). MAFEIP is an analytical decision-making 
model that integrates data from multiple sources to evaluate the impact of an innovative interventions, 
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with broader aims of telemedicine, on the years of life acquired, on the quality of life related to health 
and on the costs of health and social care (Boehler et al., 2015). It is clear that further development of 
the assessment methods is necessary. This aspect is crucial for the development and adoption of in-
novative approaches and technologies for effective and sustainable contribution to citizens’ health and 
social innovation.

8 CONCLUSION

In the framework of an ageing population, we are being faced with multiple challenges that include 
chronic conditions, as well as the increase of related acute events. Falls are one of the events occurring 
at older age with the highest impact, in terms of health outcomes, as well as of health care resources, 
that could be effectively prevented and managed implementing a proactive, interdisciplinary approach 
supported by innovative solutions.

Indeed, falls in older adults are linked to several elements, such as polypharmacy, sarcopenia, inadequate 
food intake, built environment that could be helpful in early identification of the risk of fractures and ri-
fractures. Addressing all these elements requires interdisciplinary and multi-organization collaborations, 
to identify the indicators than we need to assess for timely and personalised interventions. Collecting 
and sharing the data underlying risk stratification is the first step to implement tailored interventions that 
can be personalised and allow, for example, the detection of behavioural patterns capable of influencing 
health outcomes and prevent falls, and mitigate falls consequences.

Fall prevention represents a paradigm of policy interventions for public health that are implemented 
at a level and intensity of action that also tackle health inequalities. They are an example of how in-
novative, multilevel approaches can ensure economic benefits at a national level, as well as the right of 
all citizens to the highest attainable standard of health, irrespective of place of birth, gender, ability, or 
socioeconomic background.

The use of health impact assessments applied to fall interventions might be one of the frameworks 
through which the potential health impact of a shared policy might be evaluated to assess its health 
consequences.
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ABSTRACT

This chapter provides a summary of current evidence on fall-risk increasing drugs from the literature 
(recent systematic reviews) and expert opinion on this topic (statement paper of EuGMS Task & Finish 
group on FRIDs and results of Delphi study of the group). Furthermore, deprescribing of FRIDs is be-
ing discussed.

KEY MESSAGES

• The use of fall-risk-increasing drugs (FRIDs) is one of the most prominent fall risk factors
• Deprescribing FRIDs is an essential component of the multifactorial intervention to prevent falls 

and injurious falls
• EuGMS Task and Finish Group on FRIDs was established to tackle the lack of knowledge on 

FRIDs and develop deprescribing aids for both healthcare professionals and older adults at risk 
for falls

• STOPPFall, a European consensus deprescribing tool, was created by the EuGMS Task and Finish 
Group to provide a first step towards harmonizing practice and guidelines on drug-related falls 
internationally

• To further optimize prevention of medication-related falls, the following is warranted:
1)  greater awareness and knowledge of all stakeholders
2)  development of effective and personalized deprescribing aids
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3)  development of effective implementation strategies for FRIDs deprescribing, that take the 
patient perspective into account

4)  promote high-quality research and innovative research techniques, such as modern data-driven 
methods, considering the complexity of deprescribing interventions and heterogeneity of older 
persons

GENERAL BACKGROUND: FALLS AND FALLS PREVENTION

As the world ages, falls are a growing public health concern with a substantial impact on individuals as 
well as the society. Approximately one out of three of adults aged 65 years and older fall at least once 
a year, and over 60% percent of those who fell in the past year report being injured (Ganz & Latham, 
2020; Milat et al., 2011). Of all fall incidents, around 10-15% lead to a fracture and 5% serious soft tissue 
injury or head trauma (Berry & Miller, 2008). Falls are even more common in older and institutional-
ized populations; approximately one out of two institutionalized persons and persons aged 80 years and 
older will experience one or more falls yearly (Berry & Miller, 2008). Furthermore, fall incidents have 
been associated with many negative health effects in older persons, including greater functional decline, 
social withdrawal, symptoms of anxiety and depression, and fear of falling (Berry & Miller, 2008). Also, 
due to all adverse health-related effects, fall incidents have a drastic impact on healthcare expenditure. 
In Western countries, approximately 0.85-1.5% of the total healthcare expenditure are fall-related costs 
(Heinrich et al., 2010). Predominantly falls result from interacting risks, and certain medication classes 
are a significant risk factor for falls (de Vries et al., 2018; Seppala, van de Glind, & Daams, 2018; Sep-
pala, Wermelink, & de Vries, 2018).

Several clinical practice guidelines for falls prevention have been published across the globe, with 
varying content and recommendations (Montero-Odasso et al., 2021). Therefore, a standardized global 
falls prevention and management guideline is currently being developed, as well as, WHO technical 
package Step safely: strategies to prevent and manage falls across the life-course is being expected to 
be published in 2021 (Montero-Odasso et al., 2021; WHO,). One of the most recent clinical practice 
guidelines by the US Preventive Services Task Force (USPSTF) recommends exercise interventions 
and selectively offering multifactorial interventions to prevent falls in community-dwelling adults 65 
years or older who are at increased risk for falls (Force, 2018). Furthermore, the recent meta-analysis 
by Tricco et al. showed that also injurious falls are preventable (Tricco et al., 2017). Multifactorial 
interventions contain an initial assessment of risk factors for falls and subsequent customized interven-
tions for each patient based on risk factors identified in the assessment (Force, 2018). Since the use of 
fall-risk-increasing drugs (FRIDs) is one of the most prominent fall risk factors, a medication review 
with the aim of deprescribing FRIDs, is considered to be an essential component of the multifactorial 
intervention (de Vries et al., 2018; Seppala et al., 2020; Seppala, van de Glind, & Daams, 2018; Sep-
pala, Wermelink, & de Vries, 2018). In general, it is recommended to screen all older adults annually 
for high fall risk (American Geriatrics Society and British Geriatrics Society, 2011). A multifactorial 
intervention, including a medication review, is warranted in case of markers of high risk, including a 
history of two falls or more in the past year, a visit to an emergency department for a fall in the past 
year, or problems with walking or balance (American Geriatrics Society and British Geriatrics Society, 
2011). An updated algorithm to identify older persons at high risk of falls is currently being developed 
by the task force of the global falls guideline initiative (Montero-Odasso et al., 2021).
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FALL-RISK-INCREASING DRUGS

Older people are more vulnerable to adverse drug reactions (ADR), such as falls, due to age-related 
changes, including reduced renal excretion and hepatic metabolism, resulting in different pharmaco-
kinetics and -dynamics of medication. Traditionally, several medication classes of psychotropics and 
cardiovascular medication classes have been considered the main groups inducing increased fall risk. The 
use of FRIDs is common among older adults ranging from 65%‐93% in older adults with a fall-related 
injury, and the use of FRIDs appears to be increasing in the past decade(s) (Hart et al., 2020; Shaver 
et al., 2021). FRIDs can contribute to fall risk through different routes, i.e. adverse drug reactions. For 
example, antihypertensives may lead to balance and gait impairment, dizziness, and postural hypoten-
sion, which are all underlying pathways for the adverse drug reaction ‘falls’ (Tinetti et al., 2014), and 
benzodiazepines may induce sedation, dizziness, and balance problems (Ham et al., 2017). Furthermore, 
earlier studies have shown that individual patient characteristics may determine the association between 
FRIDs and fall risk in an individual since the risk appears to be dependent on patient characteristics such 
as history of previous fall injuries (Tinetti et al., 2014). Also, in general, risk of ADRs is strongly related 
to characteristics such as multimorbidity, polypharmacy, age, and frailty (Alomar, 2014).

Even though FRIDs use is a common and established risk factor, health care professionals and older 
adults, including caregivers, lack knowledge on medication-related fall risk. Due to a common interest 
among European experts on FRIDs to tackle this lack of knowledge and harmonize both clinical practice 
and guidelines on drug-related falls, a European working on FRIDs was established in 2016. It started 
as a task force of EIP AHA action group 2 on falls prevention, founded by the chair of the group, prof. 
Nathalie van der Velde, MD, PhD, and Lotta Seppala, MD, secretary (EuGMS, n.d.). The task force 
was officially accepted as a EuGMS Task and Finish Group in 2017 and currently contains 30 members 
from 14 countries (EuGMS, n.d.). Its main objectives are to update the knowledge related to FRIDs and 
disseminate this knowledge on FRIDs and deprescribing interventions to health care workers, students, 
and the older adults at risk. The ultimate goal is to minimize the use of inappropriate FRIDs in persons 
at risk, and to succeed in this, the Task and Finish Group has, for example, created a European consensus 
list of FRIDs (STOPPFall), organized several international symposia on FRIDs, and developed a leaflet 
for older adults about medication and falls. Eventually, the goal of the Task and Finish Group is to co-
develop drug deprescribing interventions that are personalized and effective in falls prevention and to 
harmonize practice on FRIDs deprescribing across Europe. With a representation in 14 countries across 
Europe, the Task and Finish group has an effective network with high potential to develop tools and rec-
ommendations and implement these. Furthermore, it works in close collaboration with EuGMS Special 
Interest Group on Pharmacology and Special Interest Group on Falls and Fractures and has provided 
chairs and the working group members for the polypharmacy and FRIDs working group of the anticipated 
global falls prevention and management guideline (Global Guidelines for Falls in Older Adults, n.d.).

The Task and Finish Group started the work by updating the current knowledge. In the compre-
hensive systematic reviews and meta-analyses, they confirmed the association between psychotropics 
(antidepressants, antipsychotics, benzodiazepines) and fall risk (Seppala, Wermelink, & de Vries, 2018). 
In addition, consistent associations with falls were reported for loop diuretics, antiepileptics, opioids, 
and polypharmacy (four or more medications) (de Vries et al., 2018; Seppala, van de Glind, & Daams, 
2018). However, the focus of these studies was on commonly prescribed medication classes and their fall 
risk in a relatively healthy older population, since in general, cohort studies on aging lack suitable data 
in terms of less prescribed medication classes and personalised treatment effects (Seppala et al., 2020). 
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This underlines the need to build a broader knowledge beyond the results obtained from systematic re-
views. Furthermore, some current national falls prevention guidelines in Europe have not been updated 
in recent years, and they vary considerably as to which medications they include as risk factors for falls 
(Seppala et al., 2020). Therefore, the Task and Finish group decided to create the European consensus 
deprescribing tool STOPPFall (Screening Tool of Older Persons Prescriptions in older adults with high 
fall risk), in collaboration with the EuGMS SIG on Pharmacology and an international advisory board. 
This international Delphi expert effort can be considered an important step towards harmonizing the 
practice and guidelines on drug-related falls in Europe (Seppala et al., 2020). The STOPPFall contains 
a consensus list of FRIDs and accompanying practical guidance to simplify and structure FRIDs depre-
scribing in clinical practice. The 14 medication groups that reached consensus are presented in Table 1. 
In general, the initial step to reduce the harm caused by FRIDs is to prevent their inappropriate use in 
the older population (Seppala et al., 2019). Thus, it is recommendable to systematically check for a his-
tory of falls and a high risk of falling before prescribing FRIDs for older people (Seppala et al., 2019).

DEPRESCRIBING FRIDS

Medication review, with the aim of deprescribing FRIDs, is considered to be an essential component 
of the multifactorial intervention to prevent falls, which has been proven effective in reducing the rate 
of falls (Gillespie et al., 2012). The majority of possible adverse effects leading to falls, such as pres-
ence of orthostatic hypotension or sedation, are reversible after deprescribing (van der Velde & van 
der Cammen, 2006). However, there is a lack of evidence related to the effectiveness of deprescribing 
as a single intervention to prevent falls (Lee et al., 2021). The recent systematic review by Lee et al. 
found no effect of pure FRIDs deprescribing on fall outcomes as a single intervention (Lee et al., 2021). 
Also, Cameron et al. concluded that a medication review, as a single intervention, may make little or no 
difference to the rate of falls or risk of falling in long-term care facilities (Cameron et al., 2018). Nev-

Table 1. Fall-risk increasing drugs according to Delphi consensus effort

• Benzodiazepines and benzodiazepine related drugs

• Antipsychotics

• Antidepressants

• Diuretics

• Alpha-blockers used as antihypertensives

• Centrally-acting antihypertensives

• Vasodilators used in cardiac diseases

• Opioids

• Antiepileptics

• Anticholinergics

• Alpha-blockers used for prostate hyperplasia

• Overactive bladder and incontinence medications

• Sedative antihistamines
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ertheless, in an ongoing meta-analysis of the FRIDs working group of the global falls prevention and 
management guideline assessing medication reviews, we did see a trend for a lower number of fallers in 
long-term care. This possibly indicates that in a frail subgroup of older persons, deprescribing might be 
effective also as a single intervention. Nevertheless, given the multifactorial nature of falls, deprescrib-
ing interventions should not be implemented as a stand-alone strategy to prevent falls but as a part of 
multimodal strategy (Seppala et al., 2020). Medication review is a complex intervention in which the 
potential beneficial effects of therapy must be balanced against potential and experienced adverse drug 
reactions. It is recommended to be performed in case of high risk of falling (Seppala et al., 2019). Fall 
incidents can thus serve as an important trigger for undertaking such a task. As mentioned earlier, stud-
ies have shown that the effect of FRIDs on fall risk is likely dependent on patient characteristics (Tinetti 
et al., 2014). Thus, these patient characteristics, including frailty status, polypharmacy, co-morbidities, 
patient’s preferences, and other geriatric syndromes, should be considered when performing a medica-
tion review (Beuscart et al., 2021). The review needs to be a holistic assessment incorporated into a 
comprehensive geriatric assessment to produce a personalized medication strategy that also includes 
patient’s perspectives (goals and wishes) (Beuscart et al., 2021). Moreover, about 20% of falls result in 
serious injuries, such as fragility fractures and intracranial bleeding (Berry & Miller, 2008). Therefore, in 
the overall medication review, the known drugs to enhance injury risk, such as skeletal fragility, should 
also be taken into account (Seppala et al., 2019).

In general, when conducting a medication review as a part of a multifactorial intervention, depre-
scribing of FRIDs can be performed safely in older people at high risk of falls’ (Iyer et al., 2008). Few 
adverse withdrawal effects occur, and if symptoms re-occur, they can be safely treated by restarting the 
withdrawn medication or if possible a safer alternative (Iyer et al., 2008). Nevertheless, this does not 
appear to be current practice. According to a recent systematic review, FRID use did not decrease at 1 
and 6 months following the fall-related healthcare episode in observational studies (Hart et al., 2020). 
Furthermore, in a study implementing the Centers for Disease Control and Prevention’s Stopping Elderly 
Accidents, Deaths, and Injuries initiative among primary care providers, most patients with high fall risk 
received the majority of recommended assessments and interventions, except medication modification 
(Eckstrom et al., 2017). In general, the barriers and enablers for deprescribing can be categorized into 
environmental (e.g., regulatory, financial, policy), healthcare organization, provider, and patient/public 
related factors (Sawan et al., 2020). Lack of knowledge and skills is a significant barrier to healthcare 
professionals’ capacity to implement effective fall-prevention approaches (Tinetti et al., 2006). Many 
physicians perceive the withdrawal of FRIDs to be challenging and find uncertainty about the possible 
adverse consequences uncomfortable (Bell et al., 2015). On the other hand, older adults are also hesitant 
to stop their medication, fearing withdrawal reactions and relapse of their disease (Reeve et al., 2013). 
Finally, if deprescribing of FRIDs is attempted, compliance is often poor, especially for psychotropics 
(Boye et al., 2017). For the long-term success of deprescribing, provision of education, monitoring, 
support, and documentation are crucial (Reeve et al., 2014).

To support clinicians in the complex task of deprescribing FRIDs, the Task and Finish Group has first 
described in statement paper the generic steps for FRIDs withdrawal, from medication review to symptom 
monitoring after deprescribing (Seppala et al., 2019). These generic steps of medication management 
of older fallers are listed in Table 2. To further simplify and structure FRIDs deprescribing, the STOP-
PFall FRIDs list was combined with a STOPPFall deprescribing tool with practical guidance (Seppala 
et al., 2020). A freely available online deprescribing decision support tool was built for each consensus 
medication class from Table 1 (EuGMS, n.d.). The tool works in a stepwise manner containing all the 
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steps of the medication management of older fallers from Table 2 and providing specific information for 
each medication class. Also, it includes relevant references and links to general deprescribing guidelines.

FUTURE PERSPECTIVES

In summary, falls and related injuries are a major public health concern with a substantial impact on 
individuals and society. Exercise interventions and multifactorial interventions are recommended inter-
ventions to prevent falls in community-dwelling adults 65 years or older who are at increased risk for 
falls. Since the use of FRIDs is one of the most important treatable fall risk factors, a medication review 
with the aim of deprescribing FRIDs is an essential component of the multifactorial intervention. As 
there was no international consensus on which medications are considered as FRIDs, STOPPFall was 
built through a European consensus Delphi process by the EuGMS Task and Finish Group on FRIDs, in 
collaboration with the EuGMS SIG on Pharmacology and international advisory board, and combined 
with a practical deprescribing tool designed to assist in clinical decision-making. Furthermore, it can 
provide an initial step towards harmonizing the practice and guidelines on medication management in 
falls prevention in Europe. However, further steps are needed to optimize the care for an individual and 
reduce the fall-injuries related burden on societies by:

• Dissemination of knowledge to all stakeholders
• Inclusion of medication-related falls as a part of the curriculum for all healthcare students in com-

pliance with the European Undergraduate Curriculum in Geriatric Medicine
• Inclusion of patient and other stakeholders perspectives in deprescribing interventions
• Development of implementation strategies aimed at structured FRIDs deprescribing in clinical 

practice
• Further personalization of FRIDs management
• High-quality research and innovative research techniques, such as modern data-driven methods, 

which take the complexity of deprescribing interventions and heterogeneity of older persons into 
account

Table 2. Steps in medication management of fallers

1. Medication review, a structured, critical examination of a patient’s medicine, with the aim of identifying FRIDs use

2. To identify possible appropriate indication for FRIDs prescribing

3. In case of existing indication, switching to a safer alternative, to smaller dosage or change in dosing time or interval

4. In case of no safer alternative is available, perform a shared decision-making with patient and possibly another specialist. The 
possible withdrawal or dose reduction decision should be based on disease and adverse event risk and patient’s goals.

5. If you have decided to withdraw or reduce the dosage based on any of the steps from 2-4, you should always create a plan for the 
deprescription including the following components:

   • If a stepwise withdrawal is needed and how this will be performed

   • How often and for which symptoms should be monitored. At least monitor for change in fall incidents and symptoms such as 
dizziness and possible negative outcomes such as the onset of symptoms for which the medication was prescribed
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Increased knowledge and skills in FRIDs withdrawal through knowledge dissemination and decision 
aids can tackle the current reluctance to withdraw FRIDs. For optimal knowledge dissemination and 
implementation, up-to-date recommendation of medication-related falls prevention and management 
available across the globe is warranted. The anticipated World falls prevention and management guideline 
will correspond to this need (Montero-Odasso et al., 2021). Such a guideline should subsequently be suc-
cessfully implemented at a national/local level. When developing recommendations, patient perspective 
should be taken into account as this could enable the empowerment of older individuals to participate 
in shared decision making actively. High-quality research will enable us to understand who is at risk of 
drug-related falls and to better target the population for deprescribing interventions, and further develop 
interventions that are effective and personalised.
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ABSTRACT

Osteoporosis is a major cause of morbidity and mortality around the world and is a silent disease char-
acterized by low bone strength that results in an increased risk of fracture. The benefits of being physi-
cally active in advanced ages to reduce the loss of bone mineral density (BMD) and improve functional 
capacities are well known. Quantitative ultrasound (QUS) is a peripheral bone densitometry technique 
that is rapidly gaining in popularity for the assessment of skeletal status, along with fall risk assessment. 
This chapter consists of a brief review of the literature on osteoporosis and describes ongoing activities 
on bone density and fall risk prevention in Algarve, Portugal as part of EIP AHA´s action group on 
fall prevention with the presentation of a preliminary study. This study aimed to demonstrate that the 
postmenopausal female seniors who adhere to the recommendations for the regular program of physical 
activity after osteoporosis screening one year later show a slower decrease in BMD.
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INTRODUCTION

Osteoporosis is a major cause of morbidity and mortality around the world (Melton III et al., 2013; Sözen, 
et al., 2016) and is a silent disease characterized by low bone strength that results in an increased risk 
of fracture (Lippuner, et al., 2006), particularly in elderly (Cauley, et al., 2007).

The term elderly refers to any individual aged 65 or over. Individuals aged between 50 and 64 years 
who have physical or clinical limitations that prevent the practice of physical activities or affect the 
ability to move are also considered elderly people (Riebe, et al., 2018).

There has been an exponential increase in the elderly population in recent years and it is expected to 
continue to increase in the coming decades (Werner, 2010). During aging, marked changes can occur, at 
a physiological, psychological or mechanical level, which can manifest themselves in the state of health, 
function and quality of life. An inherent characteristic of the aging process is sedentary behavior that 
tends to increase with age (Instituto Nacional de Estatistica, 2020).

Demographic changes in Europe (figure 1) as in all over the world are a difficult challenge to solve 
for younger generations than the previous ones, as they will take care of the aging population with the 
decrease in their quality of life.

Figure 1. Source Eurostat (online data code: demo_pjangroup; Note Break in series 2017: estimate, 
provisional)
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Most elderly people spend about 65 to 85% of their day in a sitting position, making them the most 
sedentary population. This chronic sedentary lifestyle leads to negative repercussions on metabolic 
functioning, cardiovascular and musculoskeletal health, body composition and mechanical functional-
ity in daily life tasks. In this way, the independence of the elderly is severely compromised (Wultems, 
et al., 2016).

It is not yet known why calcium and exercise together have a greater osteogenic effect than any of 
them alone. It is generally accepted that growing bones have the ability to adjust to an increased load 
through various mechanisms (Bielemann et al., 2013).

Therefore, the increased load stimulates bone modeling that results in changes in the shape of the 
cortical bone and increased trabecular BMD which, in turn, causes an increase in bone strength. (He-
mayattalab, 2010).

Adolescence is a critical period for the acquisition of bone mass, and epidemiological studies have 
suggested that obtaining a high peak of bone mass during growth may decrease the risk of suffering 
osteoporosis and osteoporotic fractures, therefore, later in life (Gómez-Bruton, Gónzalez-Agüero, Gómez-
Cabello, Casajús, & Vicente-Rodríguez, 2013).

EFFECT OF AGE ON BONE MASS & FRACTURES

Osteoporosis is defined clinically as the presence both of a fragility fracture and of low bone mass. 
Operationally, osteoporosis is defined as a bone density more than 2.5 SD below the mean peak BMD 
(T score < -2.5) and osteopenia is defined as BMD between 1 and 2.5 SD below the mean peak value 
(T score <-1 & > -2.5) while BMD with T score > -1 is reported normal. The fracture risk correlates 
well with the bone mass & BMD and increases 2 fold with each SD decrease in BMD (Genant et al., 
1990; WHO, 1994) (Figure 2).

Although significant advances have been made in the treatment of osteoporosis, much attention is still 
focused on preventive strategies (Nishizawa, et al., 2019) and demographic patterns and secular trends 
look set to ensure that, globally, the magnitude of this problem will increase substantially over the next 
few decades (Instituto Nacional de Estatistica, 2006).

Osteoporosis is a serious disease that affects millions of people worldwide (Figure 3). Without pre-
vention or treatment, osteoporosis can progress without pain or symptoms to bone breakage (fracture). 
Fractures usually occur in the hip, spine and wrist (Cooper et al., 1992).

The health care system all over the world are missing the screening of osteoporosis and education on 
osteoporosis the International Osteoporosis Foundation reports a fracture every 3 seconds accounting 
for 5500 fractures worldwide and resulting in more than 2 million fractures in the United States (Burge 
et al., 2007).

The socio-economic impact caused by osteoporotic fractures upon societies and families are enormous 
and increasing, if we take in consideration that preventive measures take by national health systems aren´t 
enough in our days in the near future the system will collapse. The European Union estimated at EUR 
32 thousand million (only considering direct costs) with annual cost of osteoporotic fractures (Reginster 
& Burlet, 2006). We must take into account that these estimates are just that, and usually governments 
do it by underestimation and when comparing with other diseases the cost are superior (Sözen, Özışık, 
& Başaran, 2016).
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It is well known the benefits of being physical active in advanced ages to reduce the loss of bone 
mineral density (BMD). Quantitative ultrasound (QUS) is a peripheral bone densitometry technique 
that is rapidly gaining in popularity for the assessment of skeletal status (Ray, Chan, Thamer, & Melton, 
1995; Thomsen, et al., 2015), in the impossibility of massifying the screening with the movement of 
individuals to a DEXA equipment, considered as the gold standard technique (Punda e Grazio, 2014). 

Figure 2. Decrease in peak bone mass with age and increase in fracture risk with increasing age
(Adapted from Valsamis et al., 2006).

Figure 3. Projections of osteoporotic hip fractures incidence worldwide
(Adapted from Cooper et al., 1992)
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The correlation between these two techniques is well demonstrated, thus ensuring the diagnostic accuracy 
. Measurement of BMD is used to diagnose osteoporosis, assess fracture risk, and monitor response to 
therapy (Lippuner, Golder, & Greiner, 2005) and has been shown to be a good predictor of fracture risk 
and is increasingly being used to screen for osteoporosis (Ganhão, et al., 2008).

Age-Specific and Sex-Specific Incidence of Radiographic 
Vertebral, Hip and Distal Forearm Fractures

Hip fracture rates vary considerably between populations. After age adjustment, fracture rates of the 
femoral neck are more common in Scandinavians and North America than those observed in European, 
Asian and Latin American countries in the south (figure 4) (Sambrook et al., 2006).

The number of hip fractures has been increasing in Portugal, it was 5.600 in 1989, 6.718 in 1994; 8.500 
in 2000, 9.523 in 2006, according to the National Health Directorate. They calculated that 40.000 osteo-
porotic fractures occurred in Portugal in 2006, with over 30.000 being non-hip fractures (Direção Geral 
da Saúde, 2005). The scenario for the future was portrayed, as everywhere, as even worse: it is expected 
that until 2060 life expectancy at birth will increase by about 10 years in Portugal (Center et al., 2007), 
which is expected to fuel an increasing burden of osteoporosis. Branco, Felicissimo, e Monteiro (2009) 
in their study refer that vertebral, forearm and humerus fractures were also estimated to be increasing.

Figure 4. Age-specific and sex-specific incidence of clinical vertebral, hip, and distal forearm fractures
(Source: adapted from Sambrook et al. Lancet 2006;367:2010-8)
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Few data were available in Portugal regarding the socio-economic impact of osteoporosis and osteo-
porotic fractures. Available studies are from small regions (hospital area coverage), only for hip fractures, 
and mainly retrospective with several other limitations.

It was described that 50 to 60% of Portuguese victims of hip fragility fractures lost their ability to 
walk after discharge, only 30 to 40% returned to pre-fracture functional status (Caldas, 2013; Santos, 
2010) and more than 75% became totally dependent thereafter (Costa et al., 2009).

The Algarve is a region of Portugal, being the southernmost among all regions of the country, with 
the fifth largest population and the fourth largest area. The city of Faro as its capital, the District of Faro, 
with an area of 5 412 km2 and a permanent population of 451 005 inhabitants (Census, 2011) (0.06% 
of the population of Europe and 6.27% of the population of Portugal). It is the most important tourist 
region in Portugal and one of the most important in Europe. In 2020, the Algarve is the second region 
in Portugal with the greatest purchasing power, behind only the Lisbon Metropolitan Area, with a GDP 
per capita of 83% of the European Union average (Comissão Europeia, 2020).

The Algarve has become one of the Portuguese regions with the largest number of foreign residents, 
mainly from other European countries. In 2018, 69,000 of the inhabitants were not Portuguese (Journal 
do Algarve, 2018).

Pina et al. (2008), in their study entitled “Hip fractures cluster in space: an epidemiological analysis 
in Portugal”, refer district of Algarve, with an hip fracture incidence rates for women among the highest 
of Portugal and along all the municipalities.

FRACTURES USUALLY OCCUR IN THE HIP, SPINE AND WRIST

Melton and collaborators (1992), estimated that one in three women aged 50 years or over will experience 
osteoporotic fractures, of which, one in six (15.6%) will suffer a vertebral fracture, one in six (17.5%) 
will suffer a hip fracture, one in six (16.0%) will suffer a wrist fracture, overall one in three (39.7%) will 
suffer at least one of these fractures.

At all times, old bone is decomposed more quickly than the formation of new bone tissue, with bone 
loss occurring. Bone loss can lead to low bone density (osteopenia), weakening of the bone, and even-
tually osteoporosis. Osteoporosis (or porous bone) is a disease in which the bones become weak and 
fragile. Porous bones are more likely to fracture (figure 5).

The decrease in the loss of bone mineral density in the senior population is associated with a reduc-
tion in the practice of regular physical activity throughout the woman’s life.

The aim of this study was to demonstrate that female post-menopausal seniors who adhere to the 
recommendations for physical activity after osteoporosis screening after one year show a decrease in 
BMD decrease.

METHODS

The sample consists of 76 post-menopausal women aged between 48 and 84 years old, divided into 
three groups according to their level of physical activity; It was applied an osteoporosis risk question-
naire (Ganhão et al., 2006), a healthy life styles questionnaire (Batista et al., 2016). The study had two 
moments of assessement in the years 2015 and 2016.
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The body weight was assessment using a digital scale (Tanita, CS601), without shoes and with light 
clothes or underwear and recorded at the nearest 0.1 kg. Body height was measured to the nearest 0.1 cm, 
with a stadiometer (Seca), according to standard procedures, an as described by the kineanthropometry 
group (Lohman et al., 1988).

Calcaneal measurements were performed using the Sahara device (Hologic), which measures bone 
mineral density in the heel. The World Health Organization (WHO) osteoporosis classification criteria 
were applied (WHO, 1994).

All the participants signed a consent to participate in the study.

RESULTS AND DISCUSSION

The sample of ours presents average values of height and body mass within those of the Portuguese 
average for the age group under study (INE, 2020). The vast majority are overweight for their height. 
When we look at the T-Score values of the total sample, it does not have major changes (table 1).

When the sample is subdivided into three groups (Active, Sedentary, Regular Physical Activity 
Program), it is possible to observe differences between groups in the percentage of demineralization 
after one year was higher in the group of sedentary women than in the group of active women. Most 
active women keep T-Scores close to -1 (osteopenia), on the other hand, sedentary women approach 
-2.5 (osteoporosis).

The results found in our study are in line with the results that Silva et al. (2014), in a systematic 
review on the effects of physical activity on bone mineral density in healthy pre-menopausal women.

Postmenopausal women participating in a regular physical activity program (T Score = -0.55) have 
higher bone mass density than their non-participating peers (T Score = -1.77).

Figure 5. Normal vs. osteoporotic bone
(Source: https://sci.washington.edu/info/forums/reports/osteoporosis.asp, consulted, 1 February, 2021)
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In figure 6 it is possible to observe that the group that has a history of physical activity and that cur-
rently adheres to a regular physical activity program provided by the municipalities, has lower values of 
osteoporosis, osteopenia, in the opposite sense, the sedentary group has a a high number of osteopenic 
participants and a small number of women within normal values. These values are in line with the vast 
majority of studies (DGS, 2015; Center et al. 2007), although they are not as negative as we look at the 
number of fractures of the hip reported in the national study by Pina et al. (2008), in the same study, 
it states that the Algarve has the highest number of fractures in the country, despite the most hours of 
sunshine.

The value of bone mineral density in postmenopausal women is conditioned by the peak bone mass 
reached at the end of puberty. From this moment on, the concern must go through maintaining it or 
avoiding its decline by engaging in regular physical activity practices. Sedentary women are at increased 
risk of fractures. Although the gradual loss of BMD is inevitable, it is possible to observe the difference 
it presents for different groups, namely between sedentary people and who maintain regular physical 
activity (figure 7) (Weaver, et al., 2015).

Table 1. Descriptive statistics (minimum, maximum, mean and standard deviation) for the entire sample 
(n = 76), morphology, BMD and T-Scores.

Minimum Maximum Mean Standard deviation

Weight 51.70 101.10 69.93 11.6

Height 135.80 170.40 155.04 7.01

BMI 15.70 38.70 28.76 4.56

BMD 2015 0.22 0.81 0.47 0.13

BMD 2016 0.20 0.80 0.44 0.11

T-SCORE 2015 -3.40 1.80 -1.20 1.13

T-SCORE 2016 -3.41 1.79 -1.27 1.13

Table 2. BMD and T-Scores results (minimum, maximum, mean and standard deviation) for the sample’s 
subgroups according to lifestyle

Life style BMD 
2015 T-SCORE 2015 BMD 

2016
T-SCORE 

2016

Sedentary

N 24 24 24 24

Mean 0.41 -1.70 0.30 -1,77

SD 0.10 0.92 0.10 .91

Active

N 30 30 30 30

Mean 0.47 -1.22 0.45 -1.29

SD 0.10 0.99 0.11 0.98

Regular Program of 
Physical Activity

N 18 18 18 18

Mean 0.55 -0.47 0.50 -0.55

SD 0.14 1.28 0.11 1.28
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Figure 6. Results by life style of the participant by classification of bone mineral density according to 
the intervals recommended by WHO

Figure 7. Schematic description of the effect of physical activity on bone mass throughout life
Adapted from Blanchet C, Chaire L, Chagnon A, Thibault G. Activité physique et santé osseuse. Avis du comité scientifique de 
Kino-Québec. Québec: Gouvernement du Québec, Ministère de l’Éducation, du Loisir et du Sport; 2008:1-42.
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As supported by most authors (Wultems et al., 2016; Gourlay et al., 2015) the of peak bone mass 
(reached in your 20s or 30s) is an important determinant of bone strength in older age. Regular and fre-
quent practice activities with loading during growth, particularly before and during puberty, maximizes 
the accumulation of minerals in the bones.

Regular exercise with weights and nutritional advice attenuates the decrease in bone mass and there-
fore delays the weakening of the bones associated with aging (Statham & Aspray, 2020). After the age 
of 35, the process of bone turnover slows down, resulting in a loss of bone mass of 0.3 to 1.0% per year. 
With age, the bones gradually thin and become more fragile (Ensrud, et al, 2007).

Physical activity is a relevant factor to increase or reduce bone loss due to changes in bone structure 
and geometry caused by mechanical loads (Bielemann, Martinez-Mesa, and Gigante, 2013) and also 
plays an important role in the development and maintenance of mass bone.

Systematic reviews of the literature have shown that high-impact sports appear to be more osteogenic 
than non-impact sports, such as swimming in children and young adults (Karlsson, Nordqvist, & Karls-
son, 2008; Morseth et al., 2011)

There is consensus in the literature that physical exercise has a positive effect on osteogenesis. This 
osteogenic effect is statistically significant, with an important effect on bone health and overall health. 
Exercise has an osteogenic effect and health benefits at any age.

Physiological and global therapeutic approach to each individual.
Physical exercise should be appropriate for each person, ideally under prescription, and monitored 

throughout life to improve adherence.
It is imperative to implement a national plan that promotes the practice of physical activity throughout life.
This national plan must integrate the national health plan as an integral part of primary care.

IMPLICATIONS

improving education and screening for osteoporosis among individuals in primary care is a step forward 
to reduce de impact of osteoporosis in society. Throughout implementation of national policies and the 
municipalities that promote physical activity as an healthy life style and that guarantees a better aging.

The goal of optimal bone health screening is important to identify as early as possible to keep bones 
healthy and fracture free. And simultaneously begin to engage patients in discussions about risk factors 
and bone health. Screening for osteoporosis is a low-cost method that can assist primary cares in meeting 
quality improvement measures and improve patient outcomes.
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ABSTRACT

With the increasing proportion of older persons globally, healthcare issues are becoming more complex. 
Older persons often spend substantial time confined to bed, which leads to physiological deconditioning 
and increased risk of falls. Fall-related injuries lead to higher hospitalization costs and worsening of the 
quality of life of older persons. Thus, monitoring of falls and reducing the risk of falls is an increasingly 
important element of geriatric care. Examined in this chapter will be aspects related to falls induced by 
immobilization (bedrest confinement). Interestingly, spaceflight-induced physiological deconditioning 
predisposes astronauts to higher risk of orthostatic intolerance and, consequently, falls. Since bedrest 
confinement is an established model for studying the deconditioning effects of spaceflight, knowledge 
drawn from bedrest studies can provide insights into the underlying mechanisms leading to falls in as-
tronauts and in bed confined patients and in particular in bed-confined older persons who are typically 
dealing with the deconditioning effects of aging.

INTRODUCTION

With the increasing proportion of older persons in the world, health care issues are becoming more com-
plex and health care delivery more difficult. Acute care for older persons must confront the interaction 
of pre-existing factors such as sarcopenia malnutrition and/or with the effects of bedrest confinement 
during hospitalization which poses difficult health care challenges. Heinrich and colleagues (2010) car-
ried out a systematic review and concluded that up to 1.5% of total health care costs arise due to falls 
and falls-related injuries. Not surprisingly, understanding the underlying mechanisms of falls and how 
they can be reduced are pivotal issues in geriatric health (Bousquet et al., 2017; Broadbent et al., 2017; 
Blain et al., 2016).

Effects of Spaceflight, Aging, 
and Bedrest on Falls:

Aging Meets Spaceflight!
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While a consequence of frailty is falls (and falls related injuries), bedrest confinement during health 
care treatment per se leads to further deconditioning in older persons, who typically are coping with 
deconditioning due to aging and thus leave the hospital (or bed confinement) in worse shape than when 
they began treatment. Therefore, there is a need to understand the negative effects of bedrest confine-
ment on physiological functions (e.g. muscle volume and structure loss, plasma volume loss, etc.) and 
on the increased risk of falls. Furthermore, falls lead to higher hospitalization cost, including increased 
nursing and medical staff, greater spending by insurance companies, and worsening of the quality of 
life of older persons. Thus, it is clear that monitoring of falls and more importantly, reducing the risk of 
falls is an important element of geriatric care. As the proportion of older persons is increasing globally, 
there is a need to address this immediately to ensure that both the quality of life and the well-being of 
our senior citizens is effectively addressed.

Older persons subject to bedrest induced immobilization should receive careful medical and social 
screening, including risk of falls. Upon discharge, such older persons have enhanced risk of falls and 
this falls risk should be monitored in the community. Social gerontological guidance should be imple-
mented such as empowering older persons to adopt healthy behaviors to maintain healthy lifestyles (e.g. 
increased physical activity, nutrition) and community elements related to social care of the older persons 
should be incorporated.

This chapter discusses the similarities between deconditioning due to the aging process and spaceflight 
induced deconditioning related to the microgravity of space. Bed confined individuals and in particular 
older persons who typically spend large amounts of their time (approximately 80%) in hospital confined 
in bed, experience a deterioration in their physiological functions in a manner similar to that which 
astronauts` experience. Knowledge learned from spaceflight deconditioning can thus be used to help 
physiological deconditioning as occurs in bed confined individuals and especially in older bed confined 
persons who are already subject to physiological changes due to aging. Conversely, understanding the 
consequences of bed confinement may aid in developing countermeasures to both the deconditioning 
of space flight and bed confinement. In addition, this chapter aims to present a case for understanding 
and managing the vulnerability of older people towards falls. As falls often arise due to physiological 
deconditioning associated with aging and aggravated by bedrest confinement, this chapter will focus 
on key aspects in integrated care of older persons who are subject to the risk of loss of physical activity 
and mobility, functional and cognitive decline (FCD), frailty and malnutrition. These factors leading 
to falls and other risks are magnified by the consequences of health-related bedrest confinement. 
Specifically, current knowledge will be examined in related to falls in all phases of hospitalization and 
recovery beginning with the admission phase (including screening), through immobilization care during 
hospitalization as well as recovery after return to community to support return to enhanced mobility and 
prevent falls and improve quality of life. It will also provide examples of how strategies and exercise 
programs used for maintenance of astronaut health in space could also be used for older persons on 
Earth (“Geriatrics meets Spaceflight!”, Goswami, 2017). That is, how the training programs, along with 
nutritional supplementation, used by the astronauts can be used for bed confined older persons. The role 
of exercises, along with nutritional supplementation, during bedrest confinement will be elaborated in 
detail in this chapter.
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BACKGROUND

Effects of Spaceflight

Spaceflight and in particular the microgravity of the space environment have important effects on many 
key physiological systems. These include the musculoskeletal system, the cardiovascular system, cere-
bral autoregulatory and sensorimotor systems (Blaber et al., 2011; Buckey et al., 1996; Goswami et al., 
2015a). The return to Earth and normal gravity, results in a number of significant reactions which can 
include increased heart rate, dizziness upon standing up (decreased orthostatic tolerance) and a reduction 
in exercise capacity (Buckey et al., 1996). Alterations in cerebral autoregulation and/or cardio-postural 
interactions induced by spaceflight have been partially attributed to lead to post-spaceflight induced 
orthostatic intolerance.

Physiological Deconditioning in Aging and Due to Bedrest Confinement

Aging is well known to be associated with a decline in physiological deconditioning. Indeed, aging-
associated physiological deconditioning on Earth is similar to what is seen in spaceflight (Goswami, 
2017; Vernikos and Schneider, 2010).

In older persons, many conditions and diseases including cerebral or peripheral vascular disease, 
cardiac arrhythmias, metabolic or endocrine disorders, and autonomic neuropathy, can contribute to 
orthostatic intolerance (dizziness and/or loss of consciousness upon standing up), particularly during 
a change in posture from lying/ sitting to standing up (Goswami et al., 2017). Furthermore, illness or 
injury in older persons frequently requires hospital-based care which often includes bed confine-
ment. As alluded to above, bedrest confinement during hospitalization represents a significant source 
of physiological deconditioning. The reduction in physiological function - which occurs during hospital 
induced bedrest confinement - especially in older persons, can contribute to a vicious and continuous 
negative spiral of increasing deconditioning and even frailty, reductions in orthostatic tolerance and, 
consequently, elevated risk of falls and falls related injuries and rehospitalization (Mühlberg and Sieber, 
2004; Mahoney, 1998; Figure 1).

Figure 1. Relationship of functional cognitive Decline (FCD) and/or frailty, falls, bedrest confinement, 
and risk of further falls. Reproduced from Goswami N (2017) Falls and Fall-Prevention in Older Persons: 
Geriatrics Meets Spaceflight! Front. Physiol. 8:603.
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In addition to the reductions in muscle function contributing to falls in older persons, other factors 
can also lead to the increase in the number of falls in aged persons (Blain et al., 2016; Bousquet et al., 
2017). Some of these include: bed rest induced hypovolemia (Convertino, 2007), negative metabolic 
and functional effects (Agostini et al., 2010; Pisot et al., 2016; Soavi et al., 2016), postural hypoten-
sion (Weiss et al., 2004), and dizziness upon standing up (orthostatic intolerance, Dittmer and Teasell, 
1993) as well as potential deficits in brain structure and function (Grogorieva and Kozlovskaia, 1987; 
Leblanc et al., 1990; Traon et al., 1998; Perhonen et al., 2001; Pisot et al., 2008; Lipnicki and Gunga, 
2009; Rittweger et al., 2009; Dolenc and Petric, 2013; Marusic et al., 2014, 2016; Cassady et al., 2016). 
Indeed, quite a large number of falls reported in senior homes arise due to posture changes when older 
persons stand up from a reclining position (Rapp et al., 2012). Additional factors that lead to higher risk 
of falls include polypharmacy. Particularly important medications that cause falls in older persons are 
anti-hypertensives and diuretics (Gangavati et al., 2011). While each of these factors could potentially 
cause falls, it is more likely the combination of all these etiologies that leads to alterations in cardio-
postural control, and/or reduction in cerebral perfusion, that leads dizziness upon standing up and falls.

Postural Changes Induced Responses (Cardio-Postural Interactions)

Standing is a delicate balance between detection of postural disturbances by the body and its ability to 
respond to the effects of such disturbances with proper responses. These abilities are worsened with 
increasing age and, therefore, older persons often have imbalance and greater risk of falls (Blaszczyk 
et al., 1994; MacKey and Robinovitch, 2006; Hsiao-Wecksler and Robinovitch, 2007). Age associated 
worsening of the somatosensory and motor systems functioning leads to further problems with the 
standing balance (Lord et al., 1991; Hurley et al., 1998). Blaber and colleagues (2009) and Goswami et 
al. (2012) have developed a cardiovascular-postural interaction research model. It can be used to assess 
the how effective the cardiovascular and postural systems (Figure 2) are during changes in posture (e.g. 
sitting to standing).

Overall, assessment of changes in cardio-postural interaction could be done pre- and post- bedrest 
confinement, which can influence sensory motor input and/ or cardiovascular system. The strategy to 
assess cardio-postural interactions is also important for improving ambulatory recovery and to understand 
the effects of innovative interventions in preventing falls in older persons or during bedrest confinement.

Bedrest as a Model to Understand Spaceflight Induced Deconditioning

Bedrest is used as a ground-based analog model for investigating the effects of spaceflight on human 
physiological systems (Goswami et al., 2015a; Jost, 2008; Pavy Le Traon et al., 2007). Bedrest confinement 
is a largely controllable experimental set-up that allows for investigation of physiological deconditioning 
during reduced gravitational stress. Bedrest has been frequently used by global space agencies to study 
the underlying mechanisms of physiological deconditioning that occur during spaceflight (Arzeno et al., 
2013; Cvirn et al., 2015; O’shea et al., 2015). In these bedrest studies, typically healthy persons (often 
young males) are restricted to the supine position over various durations of time which can range from 
several days to several weeks.
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As older persons in hospital can spend as much as 80% of their time confined to bed (Pedersen et al., 
2013), data from bedrest studies - albeit from younger persons - can also help in furthering our under-
standing of the deconditioning process during hospitalization in older persons in acute and chronic care 
setting (Figure 3) and for development of countermeasures post-bedrest to reduce falls risk (Figure 4).

Astronaut’s Training Protocols and Regimens: 
Could They be Used in Aging Care?

Astronauts devote a substantial amount of time in spaceflight focusing on physical training – together 
with nutrition and other measures - with the goal to ensure optimal health in space and to reduce de-
conditioning due to microgravity, and post-spaceflight orthostatic intolerance (Hackney et al., 2015; 
Petersen et al., 2016). Aspects such as resistive exercises have been shown to be effective in reducing 
physiological deconditioning that occurs in space (see detailed discussion in Pedersen et al (2016)). Ad-
ditionally, data from young bed confined persons suggest that resistive vibration exercises can reduce 
muscle atrophy (Belavy et al., 2009).

Figure 2. The proposed research model of cardio-postural interactions. The component are: Sensory 
motor input required for postural control (Right); Cardiovascular parameters involved in regulation 
of blood pressure (heart rate, blood volume, vascular resistance) (Left). Cardio-postural integration is 
shown here as a hypothetic model of baroreflex activation of skeletal muscle pump (Center). Reproduced 
from Goswami N, Blaber AP, Hinghofer-Szalkay H and Montani J-P (2017) Orthostatic Intolerance in 
Older Persons: Etiology and Countermeasures. Front. Physiol. 8:803.
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The question arises: Could activity programs to maintain health carried out by astronauts in space 
be applied to older persons – particularly during bedrest confinement - to counteract physiological de-
conditioning? This question illustrates how data generated from bedrest studies (ground-based analogs 
of physiological deconditioning) could have application in geriatric care. A search of the literature has 
shown that there is some evidence that in older persons both physical functionality and mental health are 
maintained by physical activity (Olanrewaju et al., 2016). However, the effectiveness of various forms 
of physical activity in combating bed confinement induced physiological deconditioning, especially in 
older persons, has not been studied in detail. For example, physiotherapy is used in hospitalized patients 
to prevent thrombotic events and/or contractures that can occur during prolonged bedrest. However, its 
effects on strength - and function - of the muscles are currently not known.

Another aspect to consider is the implementation of physical activity devices/ exercise machines in 
counteracting the effects of bed confinement. While ambulatory older persons can easily access cardio-
vascular training and muscle strengthening devices, bed confined patients often are not able to do so. 
For instance, in ambulatory geriatric care, devices such as vibration plates and power plates are routinely 
used but this is not the case in bed confined persons. Using resistive vibration exercises - reported to 
maintain muscle strength and function in bedrest studies involving bed-rested young persons (Schneider 
et al., 2009) - in bed confined older persons is yet another example of how evidence from bedrest studies 
(ground-based analogs of spaceflight) could lead to applications in geriatric care.

Figure 3: Bedrest induced physiological deconditioning and its effects. Reproduced from Goswami N 
(2019). Spaceflight meets Geriatrics!. Front. Physiol. Conference Abstract: 39th ISGP Meeting & ESA 
Life Sciences Meeting. doi: 10.3389/conf.fphys.2018.26.00022
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Role of Nutritional Supplementation in Astronauts and Older Persons

Data from spaceflight show that resistance exercise, along with proper nutritional intake - especially 
with the inclusion of Vitamin D - is effective in maintaining physiological functionality in astronauts 
during spaceflights of up to six months (Smith et al., 2012). In older persons, inadequate food intake and 
nutrition has been shown to be strongly associated with frailty risk (Martone et al., 2013). Malnutrition 
generally leads to greater functional decline, increased/ early dependency leading to frequent institu-
tionalizations, greater number of re-admissions following hospital discharge, overall greater morbidity 
and mortality, and larger financial burden on the healthcare system .

Low dietary intake plays a key role in malnutrition (Saunders et al., 2015). Current literature shows 
that adequate energy and protein intake together with vitamin D and calcium improves muscle function 
and maintains muscle and bone health (European Commission, 2012; Saunders et al., 2015). To what 
extent, however, nutrition alone can provide benefits in senior citizens is largely unknown (Muscaritoli 
et al., 2016). For instance, while young bed rested women who performed alternating aerobic and resis-
tive exercises could restore their aerobic capacity during bedrest confinement (Schneider et al., 2009), 
this effect was not seen when only nutritional supplementation was provided. Furthermore, a Cochrane 
review summarized that nutritional supplementation can decrease costs related to geriatric care but there 
is not enough evidence to conclude that the treatment of malnutrition leads to decreases in hospital re-
admissions (Muscaritoli et al., 2017). Exercise in combination with nutritional supplementation appears 
to be key in maintaining muscle mass and physiological functionality. Strandberg et al. (1985) observed 
that in older persons nutritional supplementation, in combination with resistive exercise training, leads 
to improvements in muscle mass. Moreover, Daly and colleagues (2014) reported that in older women a 
diet high in protein improves both muscle mass and strength when it is combined with resistive exercise 
training.

Plasma Volume Changes During Spaceflight and During Bedrest Confinement

As spaceflight induced cephalad fluid shifts result in significant plasma volume reduction in astronauts 
during spaceflight, salt ingestion shortly before landing – to prevent the development of post-spaceflight 
orthostatic intolerance - is currently carried out in astronauts (Campbell and Charles, 2015). Similarly, as 
bedrest leads to plasma volume losses, plasma volume replenishment with fluid loading and salt tablets 
has been reported to prevent post-bedrest orthostatic hypotension after 6-degree head down bed rest of 
up to 12 days (Waters et al., 2005). Currently, however, the exact effects of plasma volume loss during 
bedrest confinement are neither clear nor well investigated. It is, therefore, suggested that plasma elec-
trolytes should be regularly assessed in bed confined older persons (Stuempfle and Drury, 2007). This 
will allow any correction of fluid and electrolyte loses that occur during bedrest confinement.

Does Timing of Interventions Matter?

In the acute care setting, remobilization after bed confinement of older persons is often delayed in many 
hospitals which can lead to a permanent loss of functionality, loss of autonomy and/or the ability to lead 
an independent life, and resulting in increased risk of mortality (Singh et al., 2008). Started early enough, 
remobilization interventions can overcome the decline of physiological function, leading to complete 
recovery of conditioning. Some authors have reported that there is indeed a need to carry out early in-
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terventions in older persons confined to bed (Singh et al., 2008; Martínez-Velilla et al., 2015); without 
these interventions an accelerated degradation in muscle mass and bone as well as loss in physiological 
functionality could occur (Singh et al., 2008). Moreover, delayed interventions may result in only partial 
recovery. The delay in commencement of physical exercise interventions is often due to non-standard 
decision making and/or care provider experience. The delay in implementation of interventions could 
lead to lack of return to full physical functionality, further de-conditioning and hospital re-admissions 
and extended dependency care (Figure 3). As pointed out in Figure 4, combinations of interventions 
such as those incorporating physical exercise and/ or nutritional supplementation and cognitive training 
can be used.

Based on the above discussions about deconditioning in astronauts and post-spaceflight orthostatic 
intolerance, insights from space medicine with regards to these issues that are important in geriatric 
care can be obtained. Furthermore, by linking the physiological responses to spaceflight and the conse-
quences of bedrest confinement, strong synergy of information can be developed. The parallels that can 
be drawn between spaceflight, aging, and bedrest confinement are extensively discussed in the elegant 
review by Vernikos and Schneider (2010).

Figure 4. The need for early re-mobilization in bedrest confined persons to minimize risk of falls. Shown 
in the figure are also some innovative countermeasures that can be used to ensure reduction in falls, 
falls-related injuries thus supporting active and healthy aging. Countermeasures to prevent orthostatic 
intolerance include physical activity – with and without nutrition (Muscaritoli et al., 2017) - and cogni-
tive training (Goswami et al., 2015). Reproduced from Goswami N (2019). Spaceflight meets Geriatrics! 
Front. Physiol. Conference Abstract: 39th ISGP Meeting & ESA Life Sciences Meeting. doi: 10.3389/
conf.fphys.2018.26.00022).
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CONCLUSION

There is an urgent need to understand the links between health status, FCD and frailty. Previously inde-
pendent older persons can suddenly be bed confined and, as as discussed in this chapter, suffer effects 
that can result in the reduction or loss of an independent lifestyle. In addition, progression to frailty must 
be reduced among the pre-frail and interventions should be carried out in at risk older persons to pre-
vent frailty and falls (European Innovative Partnership Active Healthy Aging (EIP-AHA) report, 2013). 
Physical activity interventions and the life style modifications presented in this chapter could serve as 
the basis for the development of interventions to counteract the (negative) effects of bed confinement 
as well as for combating the onset of frailty and risk of falls in older persons.

Furthermore, this chapter illustrated how integration of knowledge of physiological deconditioning that 
occurs in spaceflight and also as persons age allows for each of these physiological conditions to provide 
new insights into the other which can lead to establishment of new and innovative tools to overcome the 
effects of both spaceflight and the aging process (“Spacelflight meets Geriatrics!”, Goswami (2017)). 
An important example of how ground-based analog of spaceflight induced physiological deconditioning 
can be used in clinical geriatrics is the use of resistive vibration exercise (RVE). RVE, which has been 
reported to maintain muscle function and strength in bed rested young persons, could potentially be used 
in older bed confined persons to prevent the physiological deconditioning induced by bedrest and to 
promote early remobilization (Schneider et al., 2009). This chapter also provided specific evidence that 
data obtained from ground-based analogs of spaceflight such as bedrest and also from directly from liv-
ing in space can be used as guides for supplementing - and optimizing - the effects of physical exercises 
via the addition of nutritional supplements. Therefore, an integrated approach to therapy, especially in 
older persons, could be developed to counter bed-confined deconditioning (see Hackney et al., 2015).

The call-out box outlines the important aspects of this chapter:

• Combining knowledge regarding physiological effects of spaceflight induced deconditioning with 
those of evidence from bedrest confinement studies could lead to an integrative understanding of 
deconditioning (Figure 3) and to development of innovative countermeasures (Figure 4).

• Astronauts during spaceflight schedule regular sessions of specialized exercise training to reduce 
the deconditioning effects of microgravity.

• Resistive exercise used by astronauts could be used to counteract deconditioning in bed confined 
older persons.

• Older persons could also use nutritional supplementation, together with physical activity, to re-
store muscle strength and function and prevent cardiovascular system decline, and consequently 
falls (Figure 4).

• Early remobilization after a period of confinement to bed in older persons can prevent orthostatic 
intolerance, falls and falls-related injuries.

FUTURE RESEARCH DIRECTIONS

In the future there is a need to carry out careful screening of age-related risk factors, especially at admis-
sion in hospitalized older patients. The schema below summarizes the need for early screening of frailty 
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and risk of falls and the need for early re-mobilization to ensure falls reduction and to ensure Active and 
Healthy Aging (Figure 5).

In addition, aspects such as social gerontology should also be incorporated into future research. This 
aspect is important for reducing falls in older persons , upon discharge from hospitals and afterwards. 
Finally, there is an urgent need to educate formal and informal caregivers as well as key stakeholders 
in geriatric care about falls prevention. This is elaborated further in the chapter related to education of 
falls prevention (“Falls prevention education – good examples from higher education”) in this book.
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ABSTRACT

Falls are an important clinical, socioeconomic, and public health problem in the older adult population. 
Advancing age is a major risk factor for mild cognitive impairment (MCI) and Alzheimer’s disease (AD). 
The preclinical phase of AD, which is regarded as an important window for early therapeutic interven-
tion before the onset of MCI and subsequently AD, can serve as a critical period to reduce or prevent 
falls among elderly people at risk of AD. In this chapter, first, a discussion is provided on the degrees of 
fall-related injuries, pain, and severity of falls in elderly people at risk of AD. Secondly, a discussion is 
provided on the clinical, socioeconomic, and public health implications of falls. Studies that integrated 
neuroimaging techniques were also reviewed to identify brain biomarkers that can be targeted for the 
prevention of falls among the elderly. It is anticipated that the outcome of this chapter may have a criti-
cal role in the prevention of falls among elderly people at risk or suffering from AD.
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INTRODUCTION

Falls are important clinical, socioeconomic, and public health problem in the older adult population. 
Falls have been linked to premature institutionalization, injury, functional reduction, decrease in au-
tonomy, and injury-related mortality (Tinetti & Williams, 1997). The World Health Organization (WHO) 
(2019a) identified fall as the second major cause of accidental or unintentional injury deaths worldwide. 
Annually, it is estimated that 646, 000 individuals die from falls, with over 80% occurring in low- and 
middle-income countries (WHO, 2019a). The greatest number of fatal falls have been noted to occur 
among adults older than 65 years of age (WHO, 2019a). Globally, adults above the age of 70 years, 
particularly females, demonstrate significantly increased fall-related death rates compared to younger 
people (WHO, 2019b).

Previous epidemiological studies have identified a number of potential intrinsic and extrinsic risk 
factors for falls in community‐dwelling elderly people (Deandrea et al., 2010). Intrinsic risk factors 
for fall include advanced age, history of falls, gait and balance problems, muscle weakness, poor vi-
sion, sleep disturbances, and chronic diseases such as arthritis, stroke, diabetes, dementia, Parkinson’s, 
and incontinence (Deandrea et al., 2010; Hopewell et al., 2018; Rajagopalan, Litvan, & Jung, 2017). 
On the other hand, extrinsic risk factors for falls include environmental factors i.e. lack of hand rails, 
wet, slippery or uneven surfaces, poor lighting, use of walking aids, poor footwear, and clutter (Todd 
& Skelton, 2004; Rajagopalan et al., 2017). It is estimated that close to 15% of falls occur as a result 
of major external event that would result in falls in most people (Hopewell et al., 2018). Even though 
similar percentage of falls occur from a single identifiable event i.e. syncope (Hopewell et al., 2018), 
most occur as a result of multiple interacting factors (e.g. balance problems, poor vision, and slips on an 
uneven surface) (Campbell & Robertson, 2006). Generally, the risk of fall tends to increase with more 
risk factors (Hopewell et al., 2018).

Cognitively impaired people have been reported to experience falls up to more than two times than 
cognitively normal individuals, often leading to more serious consequences (Allan, Ballard, Rowan, 
& Kenny, 2009; Taylor, Ketels, & Delbaere, 2012). Despite that the reasons underlying the higher 
prevalence of falls remain unclear, neurodegenerative changes in mild cognitive impairment (MCI) and 
Alzheimer’s disease (AD) may heighten the risk of falls due to alterations in executive functions, abil-
ity to solve problems or make decisions, and ability to perform simultaneous tasks (Taylor et al., 2013; 
Sheridan & Hausdorff, 2007). Individuals with AD dementia have been reported to have an increased 
risk of serious falls (Sheridan & Hausdorff, 2007). There is also evidence that gait changes and falls are 
associated with non-AD dementias (Verghese et al., 2002). The rate of falls is estimated to be almost 
three times more evident than that observed among non-demented elderly (Weller & Schatzker, 2004). 
In a longitudinal study which compared falls in AD and normal aging, 36% of the participants with AD 
were noted to have had falls compared to 11% of the age matched controls (Weller & Schatzker, 2004). 
Higher rate of institutionalization was also reported among fallers, suggesting an interrelation between 
AD, falls, and loss of independence (Sheridan & Hausdorff, 2007).

The preclinical phase of AD which is considered an important window for early therapeutic interven-
tion before the onset of MCI and subsequently AD (Sperling, Aisen, Beckett, Bennett, & Fagan, 2011) 
can also serve as a critical period to prevent falls among elderly people at risk of AD. Neuroimaging 
methods can provide important information regarding the structural and functional changes associated 
with the risk of AD, and falls among the elderly population. Structural brain properties, which include 
gray matter (GM) and white matter (WM) volumes offer important information that can be interrogated 
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using quantitative measures derived from structural anatomical images of the brain, with high spatial 
resolution and isotropic voxels. DTI provides an opportunity to interrogate microstructural integrity of 
WM tracts. Fluid Attenuated Inversion Recovery (FLAIR) images are also invaluable in the evaluation 
of WM hyperintensities. Gradient echo (GRE) pulse sequence is another non-invasive MR imaging 
technique that is sensitive to iron-containing fluid (i.e. blood) in the brain thereby showing signal loss 
(Cordonnier et al. 2010). With functional MRI (fMRI), the blood oxygen level-dependent (BOLD) 
response, which indicates a measure of the proportion of oxy- to deoxy-hemoglobin for instance in a 
regional sampled blood volume, can be indirectly measured to provide information on brain activity 
(Ogawa et al., 1990). Finally, positron emission tomography (PET), a radiation-based imaging modal-
ity allows the interrogation of cerebral blood flow, metabolism, or the use of radioligands to determine 
whether disease biomarkers are present in the brain (Klunk et al., 2004).

In summary, the application of neuroimaging measures is important to identify biomarkers capable of 
predicting the risk of falls in this population. The aim of this chapter is to review the role of these novel 
neuroimaging techniques in fall prevention in older adults who are at risk of AD. To achieve this goal, 
first, discussion is provided on the degrees of fall-related injuries, pain, and severity of falls in elderly 
people at risk of AD. In addition, discussion is provided on the clinical, socioeconomic, and public health 
implications of falls. Furthermore, evidence from studies that integrated neuroimaging techniques were 
explored to unravel brain biomarkers as a means for early identification of elderly individuals that are 
prone to fall in order to put in measures for prevention. It is anticipate that the outcome of this chapter 
may have a critical role in the prevention of falls among elderly people at risk or suffering from AD.

DEGREES OF FALL-RELATED INJURIES, PAIN, AND SEVERITY OF FALLS

Degrees of Fall-Related Injuries

Globally, injury is a public health problem and has become one of the leading causes of death with 
evolving lifestyles (Chen et al., 2018). Severe trauma and long-term disability may be caused by injury 
(Hofman et al., 2005). In people with dementia, particularly AD, cognitive function and performance tend 
to decline over time, which may lead to an increased risk of injuries (Chen et al., 2018). Injury-related 
hospitalization has been reported to be linked to the following risk factors: dementia, female gender, age 
65–74 years, and seeking medical attention for an injury at a clinic or emergency room within the last 
year (Chen et al., 2018). Indeed previous studies (Meuleners, Fraser, Bulsara, Chow, & Ng, 2016; Meu-
leners & Hobday, 2017) reported a higher risk of injury-related hospitalization in people with dementia 
relative to those without dementia. However, there are mixed results on the role of gender regarding 
injury-related hospitalization. For instance, Chen et al. (2018) reported that women were 1.1 times more 
likely to be hospitalized due to an injury compared to men. Meuleners et al. (2016) also affirmed that 
females with dementia were more vulnerable to a higher risk of falls and unintentional drug poisoning 
compared to males. On the contrary, Meuleners and Hobday (2017) concluded that demented females 
had a lower risk of injury-related hospitalization when compared to their male counterparts. Presump-
tive preclinical AD has been reported to be a risk factor for falls in the elderly, suggesting that subtle 
non-cognitive changes that predispose the elderly to falls are not only associated with AD, but may also 
precede detectable cognitive changes (Stark et al ., 2013). According to Chen et al. (2018), people with 
dementia were about 2.3 times more likely to be admitted for suffocation compared to those without 
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dementia. Evidence shows that individuals within the range of 65 years and above are more likely to 
die as a result of suffocation (mostly due to food) compared to those in other age groups (Kramarow, 
Warner, & Chen, 2014; Berzlanovich, Fazeny-Dörner, Waldhoer, Fasching, & Keil, 2005). Risk factors 
for food-related suffocation often include liquid (i.e. alcohol) or semi-solid food, sedatives, antipsychot-
ics, and poor dentition (Kramarow et al., 2014). In agreement with a previous study (Mitchell, Harvey, 
Brodaty, Draper, & Close, 2015), unintentional drug poisoning was also reported as another injury 
subtype that can lead to hospitalization in people with dementia (Chen et al., 2018). The risk was shown 
to be about 1.5 times more in people with dementia than those without dementia (Chen et al., 2018). In 
the elderly, causes of such unintentional overdose have been found to be associated with regular use of 
3 two medications, drug-drug interactions, over-the-counter medications or supplements, wrong route 
of administration, poor or lack of monitoring or supervision of drug concentrations, lack or inadequate 
knowledge regarding drugs, poor storage of drugs, adverse reactions, and sharing of drugs with others 
(Elliott, 2006; Douglas, Letts, & Richardson; Klein-Schwartz & Oderda, 1991; Morgan et al., 2012). 
Compliance problems may be a critical issue in people with dementia; this include following the drug 
intake, poor knowledge about drugs, and inability to identify or handle adverse drug reactions (Morgan 
et al., 2012; Woolf, Fish, & Azzara, 1990). This is often borne out of decline in memory, computational 
capability, judgment, and attention (Cerejeira, Lagarto, & Mukaetova-Ladinska, 2012), leading to in-
creased risk of hospitalization secondary to unintentional drug poisoning (Chen et al., 2018).

Accidental falls, abuse, suicide, homicide, self-inflicted injury, and road traffic accidents (RTAs) 
have also been listed as common types of injury among those with dementia. As previously indicated, 
elderly people suffering from cognitive impairment were more likely to fall about two times more than 
those without cognitive impairment (Taylor, Lord, Delbaere, Mikolaizak, 2012). Furthermore, those with 
MCI have been reported to be highly susceptible to falls (Lach, Harrison, Phongphanngam, 2017) and 
have a relative risk of about 1.72 times more vulnerable to fall when compared to those without cognitive 
impairment (Delbaere, et al., 2012). Studies conducted in Kyoto, London, Stockholm, United States (US), 
Amsterdam, and Ireland reported that 5% to 55% of the elderly suffering from dementia were abused, 
and this percentage was noted to be significantly higher than that observed in the general population 
which reported a range of 3.2% to 27.5% (Cooper, Selwood, & Livingston, 2008; Yan & Kwok, 2011). 
In the US, between 500,000 to 2.5 million individuals aged 60 and above were reported to suffer from 
abuse, and it was found to occur from either in the hands of their spouse or children (Friedman, Avila, 
Tanouye, & Joseph, 2011). Even though abuse may be physical, psychological, or sexual (Cooper et al., 
2009), the most common form of abuse is psychological abuse (~ 27.9–62.3%) (Dong, Chen, & Simon, 
2014). The risk of suicide cannot be ruled out entirely in people with dementia, particularly in the early 
stage of dementia, when they realize their tendency to become dependent or disabled over the course 
of their disease (Chen et al., 2018). Vulnerability to RTAs in people with dementia is usually as a result 
of their cognitive impairment which tends to have an impact on attention, perception, problem solving, 
judgement, decision-making skills, and vision (Taylor & Tripodes, 2001; Wagner, Müri, Nef, Mosimann, 
2011; Petersen, Siersma, Nielsen, Vass, & Waldorff, 2016). However, there are mixed results regarding 
concluding on the link between dementia and the risk of RTA. Some studies reported that individuals 
with MCI or dementia are 2–10 times more likely to die from RTAs while driving or riding motorcycles 
relative to those without dementia (Petersen et al., 2016; Friedland et al., 1988; Tuokko, Tallman, Beattie, 
Cooper, & Weir, 1995). Contrarily, others reported that there is no significant difference in the rates of 
RTAs between those with and those without dementia (Orriols et al., 2014; Man-Son-Hing, Marshall, 
Molnar, & Wilson, 2007).
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Pain and Severity of Falls

In older adults, pain is a common occurrence with up to one-third of community-dwelling people above 
the age of 60 experiencing regular pain (Shega et al., 2010). In people with dementia, it is estimated that 
at least 50% of them regularly experience pain (Achterberg et al., 2013). Pain can originate from any situ-
ation, however, the major cause is injury (Hanoch, Kumar, & Elavarasi, 2016). Globally, the prevalence 
of chronic pain among community-dwelling elderly individuals is estimated to range between 25% and 
50% (International Pain Summit Of The International Association For The Study Of Pain, 2011), and 
the prevalence increases with age, reaching a plateau at around 70–75 years (Gibson & Schroder, 2001). 
Falls often result in injury which is undoubtedly associated with pain. In a systematic review, Stubbs 
et al. (2014) reported that older adults with pain are at increased risk of recurrent falls, suggesting that 
increasing age may play a role. This is also supported in a previous study (Meuleners et al., 2016). In 
older adult, chronic pain measured according to number of locations, severity or pain interference with 
daily activities have been reported to be associated with greater risk for falls in older adults (Leveille et 
al., 2009). In a study of older adults, it was also found that those reporting pain with moderate to severe 
level of pain-related interference with activities were more likely to report any falls or multiple falls 
compared to those not reporting pain (Blyth, Cumming, Mitchell, & Wang, 2007).

According to the WHO (2019a), an estimated 37.3 million falls that are severe enough to require 
medical attention occur annually. Severity of fall and injury risk depends on a number of host and en-
vironmental factors which can include fall height, impact position, surface stiffness, muscular strength, 
and bone strength (Cheng, Cheng, Robinovitch, & Lotz, 2003). The loss of muscle mass and strength 
which characterizes sarcopenia, a geriatric syndrome have also been linked to incidents of increased fall 
among the elderly. For instance, in a recent study, Gadelha et al., (2017) reported that individuals suf-
fering from severe sarcopenia presented higher risk of falling, and fear of falling was higher in all stages 
of sarcopenia when compared to non-sarcopenic individuals. The outcome of the study clearly indicates 
that sarcopenia negatively affects balance, and both risk and fear of falling in community-dwelling older 
people, particularly women (Gadelha et al., 2017). In a study, Sterling and colleagues (2001) noted that 
falls resulted in serious injury more often in older people compared to younger people. Furthermore, the 
authors (Sterling et al., 2001) identified that same-level falls which resulted in serious injury were found 
to occur more in older people. In another study, Lindner and colleagues (2015) also reported that out of 
195 falls, 41% were injurious with a moderate or severe post-fall injury in 6.7% of patients.

In AD, even though neuropathological changes that occur selectively affect critical areas contribut-
ing to pain’s medial pathway (particularly the medial nuclei of thalamus, hypothalamus, cingulate and 
insula), brain regions involved in pain’s lateral pathway are relatively well-preserved (Braak & Braak, 
1997). Therefore, with typical degeneration of AD, the affective-motivational component of pain (me-
dial pathway) appears to be more involved than the sensory-discriminative dimension (lateral pathway), 
according to a widely accepted theory (Scherder & Bouma, 1997). Furthermore, memory deficits and 
reasoning, which usually characterize AD, have the tendency of affecting individual assessment of a 
painful experience as well as the ability to describe it (Cravello et al., 2019). Indeed, previous studies 
have reported a higher tolerance for intense pain in individuals with AD relative to controls (Benedetti 
et al., 1999), and some authors have suggested that the perception of acute pain is relatively preserved 
in AD and that there may be altered experience of chronic pain (Pickering, Jourdan, & Dubray, 2006).
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Clinical, Socioeconomic, and Public Health Implications of Falls

Falls pose a significant health risk to older adults such that as close to 30% of community-dwelling 
older adults 3 65 years fall annually (Tromp et al., 2001). Falls have been identified as a leading cause 
of unintentional injury and death in older age (Deandrea et al., 2010; Deandrea et al., 2013) resulting in 
impaired mobility, disability, fear of falling, loss of confidence, and reduced quality of life (da Costa, 
Rutjes, Mendy, Freund-Heritage, & Vieira, 2012; Gillespie et al., 2012; Kwan et al., 2013; Yardley & 
Smith, 2002). Consequently, the result is self‐restricted activity levels, which may also lead to reduced 
physical function and social interactions (Yardley & Smith, 2002). In addition, falls are very costly to 
health and social care systems (Centre for Disease Control and Prevention, 2013). Falling also exerts 
pressure on the family and it is considered mainly as an independent predictor of institutionalization 
(Laird, Studenski, Perera, & Wallace, 2001; Tinetti & Williams, 1997). A prospective study (Buchner 
& Larson, 1987), which focused on falls and fractures reported that during the follow-up period of the 
study, 50% of the study participants either fell or were unable to walk, and the fracture rate was three 
times the age and sex adjusted rate in the general population (Buchner & Larson, 1987). In another study, 
Wei and colleagues (2016), reported an association between antidepressants and higher fall and fracture 
risk compared to antipsychotics in the management of elderly individuals with AD and related dementias 
who experience moderate-to-severe behavioral symptoms. Evidence shows there is a strong correlation 
between the use of psychopharmacological medication and increased risk of falls or fractures (Oderda, 
Young, Asche, & Pepper, 2012; Coupland et al., 2011; Woolcott et al., 2009). In fact it is estimated that 
about 5% of falls lead to a fracture, with another 5% leading to other serious consequences (Stel, Smit, 
Pluijm, & Lips, 2004). It was also reported that many who fall experience psychological concerns, i.e. 
fear of falling, which tends to increase their risk of future falls (Stubb, West, Patchay, & Schofield, 2014).

The socioeconomic and public health impact of falls can be a critical issue that can weigh a heavy 
toll on the society, community, and family (WHO, 2007). Costs associated with falls can be categorized 
as either direct or indirect costs. Direct costs can include costs for both diagnostic (i.e. diagnostic im-
aging and laboratory) and therapeutic services (i.e. physiotherapy or rehabilitation), including costs of 
medications. On the other hand, indirect costs are associated with societal productivity losses of activi-
ties in the individual suffering from the fall or caregivers responsible for taking care of the fall victim, 
resulting in loss of income (WHO, 2007).

NEUROIMAGING

Computed Tomography (CT)

Injuries related to falls i.e. structural anatomical fractures involving the head, hip, pelvis, or lower limbs 
usually commence with the performance of plain x-ray. X-ray may be followed by advanced imaging 
modalities i.e. CT and MRI or bone scan if there is persistent pain (Strout & Anderson, 2016), and the 
need to evaluate bony details and/or tissue injury i.e. laceration. Evidence shows that there is a substantial 
rise in the number of ED visits related to falls in the elderly as well as the increase in CT use for their 
clinical evaluation (Brinjikji, Kallmes, & Cloft, 2015; Roudsari, Psoter, Fine, & Jarvik, 2012; Korley, 
Pham, & Kirsch, 2010). CT of the brain is a mainstay diagnostic imaging tool for head injuries in people 
who are 65 years or older (Stiell et al., 2001). Head injuries secondary to falls in the elderly can reveal a 
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myriad of findings on CT including intracranial bleeds, bony fractures or incidental findings i.e. pathol-
ogy. In particular, brain CT scans are mainly conducted after a fall to detect subdural hematomas (Tan 
& Tan, 2016), and bony injury.

In a study of elderly people (with a mean age of 83.3 years) and participants divided into 2 groups 
without evidence of neurologic diagnoses, Masdeu et al. (1986) found that 16 of the subjects who 
were fallers demonstrated a significantly higher degree of white matter hypodensity. Danielson et al. 
(2019) also investigate 713 patients over the age of 65 with a history of low-energy fall, of which 76.2% 
(543/713) underwent a head CT scan as part of their evaluation. They found that even though the most 
common presenting symptom was patient hitting their head, only 0.4% (3) of those who underwent 
head CT showed acute findings (i.e. infarct and parenchymal bleed) and none of them required acute 
neurosurgical intervention (Masdeu et al., 1986). This is somewhat similar to a study conducted by Ma-
niar et al. (2015) in which a relatively smaller number of patients underwent brain CT to be evaluated 
for factors associated with intracerebral pathology in geriatric hip fractures. They also reported acute 
findings in only 6% of the patients who underwent head CT and none of them also required neurosurgi-
cal intervention. These smaller percentages reported by Masdeu et al. (1996) and Maniar et al. (2015) 
appear to resonate with that of Bennett et al. (2015). In their analysis of 321 patients (mean age of 81.4 
years) who had head CT out of 783 patients who presented with fall and traumatic injury, Bennett et al. 
(2015) noted that only 3.1% (12) had abnormal head CTs with 2.8% (9) showing an acute intracranial 
injury. None of these patients also required neurosurgical intervention (Bennett et al., 2015). The find-
ings reported in these studies (Masdeu et al., 1996; Maniar et al., 2015; Bennett et al., 2015) somewhat 
conflicts with that reported by Nagurney and colleagues (1998). Nagurney et al. (1998) reported that 
16% (31) had an abnormal head CT scan, and 2% (4) required neurosurgery. The most common lesions 
found on CT were subdural haematomas and cerebral contusions, which were noted in 33% and 38% 
of patients respectively (Nagurney et al., 1998). In a recent study, Pages et al (2019) also reported that 
out of 500 consecutive patients aged 65 and over who underwent head CT for fall 7.6% (38) showed 
evidence of traumatic lesions on CT, and 53.4% (267) were hospitalized following the scan. Only 0.6% 
(3) of the patients underwent urgent head surgery (Pages et al., 2019).

The fear of lawsuit has been identified as one of the reasons for over-reliance on CT (Rohacek, Albre-
cht, Kleim, Zimmermann, & Exadaktylos, 2012). Clinicians appear to be at risk of lawsuits in case they 
miss out important findings managing a patient with head injury. For instance, Lindor and colleagues 
(2015) in their review of 60 lawsuits found that in 10 cases, providers were found negligent for failing 
to apply clinical decision rules, following the management of patients with head injury who would have 
otherwise been requested to undergo a head CT (Lindor et al., 2015).

Positron Emission Tomography (PET)

PET is a versatile minimally invasive neuroimaging modality with a wide range of applications in both 
clinical and research areas. The three-dimensional (3D) mapping of radiopharmaceuticals i.e. fluorode-
oxyglucose-18 to track the metabolism of glucose, is one of its major hallmarks.

The 12-month prospective cohort PET study conducted by Stark et al. (2013) suggests that falls may 
be an early sign of AD, in this case older adults with preclinical AD. They found higher levels of PiB 
retention and CSF biomarker ratios were associated with a faster time to first fall (Stark et al., 2013). 
Bohnen et al (2009) also investigated the relationship between the severity of age-associated striatal 
dopaminergic denervation (AASDD) and falls in 77 community-dwelling subjects. Dopamine is a neu-
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rotransmitter that exerts widespread effects not only in neuronal tissues but also in non-neuronal tissues 
where it acts as an autocrine or paracrine agent (Drozak & Bryla, 2005). The authors (Bohnen et al., 
2009) found that about 34% (26) participants reported at least one fall, with 6.5% (5) of them reporting 3 
2 falls. A recent review (Martorana & Koch, 2014) noted that different degree of dopamine dysfunction 
can occur during any phase of AD. Evidence shows that dopaminergic drugs administered to AD patients 
resulted in beneficial effects on some cognitive domains (Koch et al., 2014). Therefore dopamine may be 
a predictor for falls in elderly people at risk or with AD, and may serve as target for early intervention.

Magnetic Resonance Imaging (MRI)

MRI provides better advantage than CT as it does not involve the use of ionizing radiation, and provides 
better contrast resolution of soft tissues, making it a powerful tool for interrogating brain structures. 
Volumetric measures of the brain structures are often carried out using a technique called “voxel-based 
morphometry”. Voxel-based comparison of these images can then be undertaken between groups or cor-
relations with neuropsychological measures (Holtzer, Epstein, Mahoney, Izzetoglu, & Blumen, 2014).

Structural changes in the brain have been reported in older adults with gait problems (Rosano et al., 
2012) and postural instability (Kido et al 2010). Specifically, reduced GM density are associated with 
gait impairment (Rosano et al., 2012; Rosano et al., 2008; Rosano et al., 2007) and postural instability 
(Kido et al., 2012). In the study conducted by Kido et al. (2012), they found postural instability to be 
associated with GM volume loss, and it is related to pathological cognitive decline, such as MCI and AD. 
Indeed reduced GM volume has not only been found to be related to cognitive decline, but also decreased 
physical function (Makizako et al., 2013). In their study, Makizako et al. (2013) also studied 42 older 
adults with MCI and found that fallers demonstrated a significantly increased reduction in the bilateral 
middle frontal gyrus and superior frontal gyrus (Makizako et al., 2013). The function of the middle frontal 
gyrus is its involvement in motor output and the direct control of behavior, including planning, spatial 
guidance, and sensory guidance of movement (Graziano & Gross, 1998). Bae et al. (2019) in their recent 
study, which also sought to analyze volumetric size of the brain in patients afflicted with osteoporosis 
found a statistically decreased volume percentage of the brain parenchyma, coupled with an increased 
volume percentage of the lateral ventricles with increasing age. Additionally, they found that patients 
with osteoporotic vertebral compression fractures (OVCF) demonstrated a significantly reduced volume 
percentage of brain parenchyma compared to those without OVCF (Bae et al., 2019). Osteoporosis is 
well known to contribute to bone fragility and increase risk of injury, fractures of the wrist, spine, and 
wrist, and their sequelae following falls (National Institute of Arthritis and Musculoskeletal and Skin 
Diseases, 2018; Guggenbuhl, 2009). Indeed some studies have reportedly demonstrated the incidence 
of reduced bone mineral density of the hip in patients with AD, and their two times fold susceptibility 
of hip fracture (Wang et al., 2014; Zhao et al., 2012).

Fluid Attenuated Inversion Recovery (FLAIR)

FLAIR is an MRI technique that employs long inversion times to null the MRI signal from CSF to reveal 
periventricular lesions or white matter lesions.

WM lesions have been investigated using FLAIR in elderly people. Elderly people with history of 
falls have also been investigated for evidence of WM lesions, and their relation with incident of falls. 
In one of such studies, Srikanth et al. (2009) found that WM lesion volume associated independently 
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with any incident fall and multiple incident falls. In another study, Zheng et al. (2012) also reported 
that those with severe WM lesion burden had an increased risk of falls during a 1-year follow-up. Other 
studies have also established that greater WM lesion load is associated with falls (Baezner et al., 2008) 
and poorer balance in older people (Tell, Lefkowitz, Diehr, & Elster, 1998).

Gradient Echo (GRE)

GRE pulse sequences, due to their lack of 1800 radiofrequency (RF) refocusing pulse that is required 
for the formation of an RF spin-echo (Bernstein, King, & Zhou, 2018), they are useful for providing 
susceptibility-weighted (SW) images or T2* weighted images. On T2* weighted image, haemorrhage 
appears in the form of signal loss (hypointensity). Evidence shows that increased vessel wall thickness 
may be a predisposing factor in the formation of microbleeds compared to macrobleeds (Greenberg et 
al., 2009). Cerebral MBs are small, round, or ovoid foci (< 5mm) of signal loss on GRE, and purported 
to be caused by structural abnormalities of the small vessels (Cheng et al., 2013; Martinez-Ramirez, 
Greenberg, & Viswanathan, 2014). Even though T2* weighted imaging is sensitive for identifying MBs, 
there are studies (Tsui, Tsai, Hasso, Greensite, & Nguyen, 2009; Haacke et al., 2007) that have made 
pronouncements on the relatively higher sensitivity of SW imaging compared to T2* for detection of 
MBs. Pathological analysis of MBs shows that they represent small regions of hemosiderin deposition 
adjacent to small arteries (Fazekas et al., 1999). There have been consistent reports associating MBs 
with vascular risk factors (i.e. age and hypertension), and markers of small vessel pathology (i.e. lacunar 
infarcts and WM hyperintensities) (Koennecke, 2006). It is however important to note that in the absence 
of hypertension, MBs can be present (Fisher, French, Ji, & Kim, 2010). The distribution of MBs in 
deep and infratentorial regions (i.e. thalamus, basal ganglia, and brainstem) are reflective of hyperten-
sive vasculopathy (Vernooij et al., 2008). On the other hand, when MBs are distributed in cortical and 
subcortical regions, they are considered to reflect hemorrhagic lesions, which have been attributed to 
cerebral amyloid angiopathy (CAA) (Greenberg et al., 2009; Vernooij et al., 2008). CAA refers to the 
deposition of amyloid-beta in the media and adventitia of small cerebral arterioles (Greenberg et al., 
2009; Vernooij et al., 2008).

Although MBs are a common finding in healthy older individuals (Martinez-Ramirez et al., 2014), 
their overall prevalence is considered to be much higher in people with AD compared with the non-
demented older individuals (Cordonnier et al., 2006; Pettersen et al., 2008). Therefore MBs have clinical 
importance in cognitive aging. That people with AD have relatively higher MBs than non-demented older 
people (Cordonnier et al., 2006; Pettersen et al., 2008), and most of them demonstrating CAA at autopsy 
(Jellinger, 2002) provides evidence that MBs may be associated with incidents of falls in older people. 
This finding is supported in a recent study (Dörr, Schickel, Lucke-Paulig, Schöntag, & Lobmann, 2019) 
which reported that CAA-related inflammation was causative not only for neuro-psychiatric symptoms 
but also worsening of gait with recurrent falls as well as cognitive decline. In older individuals, the pres-
ence of MBs, as well as lacunar infarcts, have also been reported to be associated with a slower 25-metre 
walking speed (Stijntjes et al., 2016).

Diffusion Tensor Imaging (DTI)

DTI is unique in its strength to interrogate WM microstructural integrity, thereby allowing quantification 
of WM alterations. Impairment of WM leading to neurological disorders can be classified according to 

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



116

The Role of Neuroimaging in Fall Prevention in Healthy Adults at Risk of Alzheimer’s Disease
 

the abnormality of myelin (demyelination), axonal injury, or a combination of both (Perry & Anthony, 
1999; McGavern, Murray, & Rodrigquez, 1999).

DTI has been widely used to characterize elderly people identified to be at risk or suffering from 
AD. DTI has also been used to interrogate WM integrity in the genu of corpus callosum of older people 
with gait problems (Bhadelia et al., 2009; De Laat et al., 2011; Kafri et al., 2012). Using whole-brain 
tract-based spatial statistics analysis, Wong et al (2017) found significant differences in both MD and 
AxD values for various WM tracts between fallers and non-fallers. In another study, Koo et al. (2012) 
found several abnormal WM regions, which include the medial frontal and parietal subcortical pathways, 
genu and splenium of corpus callosum, posterior cingulate, prefrontal, and orbitofrontal pathways, and 
longitudinal pathways that connect frontal-parietal-temporal lobes. A recent study conducted by Snir 
and colleagues (2019) also found that several WM tracts including the corpus callosum, forceps minor, 
and the left inferior fronto-occipital fasciculus were significantly associated with history of falls, and 
lower dual-task gait performance. Indeed evidence shows that individuals with MCI have twice the 
risk of fall relative to age matched cognitively normal older adults (Tinetti et al., 1988). Another study 
(Gómez-Ansón et al., 2015) also revealed that there was evidence of significant deteriorations in local 
WM integrity within the superior longitudinal fasciculus and corticospinal tract, and these region were 
found to be associated with falls. Further studies have also revealed that increases in AxD are not only 
associated with axonal damage, but unveils potential microstructural changes associated with falls in 
older adults (Roosendaal et al., 2009; Metwalli et al., 2010).

Functional Magnetic Resonance Imaging (fMRI)

fMRI is a noninvasive advanced MRI technique developed to provide measures of brain activity and 
connectivity with unparalleled spatial specificity (Soares et al., 2016). Mapping of brain function is 
most often undertaken using the venous BOLD contrast technique (Ogawa, 2012). This BOLD fMRI 
primarily uses GRE because of the increased T2* contrast (Boxerman et al., 1995). fMRI has also been 
used to study functional correlates in older adults with falls.

In a comparative study, which compared functional connectivity (FC) of four brain networks, at rest and 
during a simple motor tapping task, Hsu et al (2014) revealed that fallers demonstrated more connectivity 
between DMN and FPN during tapping of the right finger, as well as significantly less functional con-
nectivity between the SMN and FPN during rest, when compared to the non-fallers. Evidence of less FC 
between SMN and FPN has also been reported by Inman et al. (2012) during rest in survivors of stroke.

SUMMARY AND FUTURE DIRECTION

Prediction and prevention systems are crucial to help reduce the socioeconomic, physical, and psychologi-
cal impact of falls (Rajagopalan et al., 2017). With elderly individuals at risk or suffering from AD being 
highly susceptible to falls compared to those with healthy cognitive aging, a multifactorial intervention 
may be required to stem the tide of falls in this population (Gillespie et al., 2012).

CT may be used to rule out injuries, pathology, or structural changes that may be associated with 
incidence of falls. PET studies show that dopmamine levels (Bohnen et al., 2009), and deposits of AD-
associated plaques (Stark et al., 2013) may also offer some insight regarding the prediction of future 
falls, hence may be targeted for therapeutic intervention to prevent or reduce falls among elderly people. 
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MRI findings of structural brain changes i.e. GM volume loss, WM hyperintensities, and macro and 
microbleeds noted to be prevalent with increasing age, and in people with AD can also be targeted for 
therapeutic interventions in this population as a measure to prevent falls. Improvement in bone mass 
among elderly people to prevent or reduce osteopenia and osteoporosis, particularly among women may 
also suffice to reduce or prevent the risk of falls. WM abnormalities in specific regions of the brain, 
found to correlate with cognitive function scores (Koo et al., 2012; Snir et al., 2019; Gómez-Ansón et al., 
2015) may be targeted for early therapeutic interventions. Alterations in FC between the SMN and FPN 
may also be targeted for fall prevention (Hsu et al., 2014). Longitudinal studies employing multimodal 
neuroimaging techniques, large sample sizes with control groups may also be required to help predict 
incidents of falls in elderly individuals at risk or suffering from AD.
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ABSTRACT

Increasing life expectancy and the growing number of elderly people have also increased the number of 
comorbidities common in this population in the same proportion, where the risk of falling is highlighted 
and has been increasing in a worrying and negative way. However, the practice of physical exercise can 
improve the prevention and reduction of falls. In this context, this chapter addresses the theme with the 
objective of identifying how, which, and when physical exercise can contribute in relation to the risk of 
falling in the elderly. Through analysis of articles and recent reviews, the chapter addresses the influence 
of strength, power, aerobic, and multicomponent exercises in their various components and possible 
influences on the risk of falling. There is also a proposal for a specific program for the risk of falling 
in the elderly, with adjustments in volume and intensity according to the needs of the target audience, 
based and improved by worldwide guidelines.
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INTRODUCTION

Despite the known benefits of physical activity on health and physical function with aging, the propor-
tion of older adults meeting recommended physical activity remains low, being around 30% or below 
(Dipietro et al., 2019; Guthold, Stevens, Riley, & Bull, 2018). Therefore, in the last two decades, con-
siderable evidence (including a significative number of guidelines) has emerged regarding the relative 
benefits of various modes or combinations of physical activity, such as progressive resistance training, 
multicomponent exercise, dual-task training, tai chi, yoga, dance, and balance for fall-related injury 
prevention and for specific physical function outcomes (e.g., strength, gait speed, balance, activities of 
daily living [ADL] function) (Erickson et al., 2019; Europeia, 2008; Jakicic et al., 2019).

Falls are partly a consequence, and to a great part cause of physical inactivity in older adults. Falls 
are defined as involuntary events that make you lose your balance and hit the body on the ground or 
another firm surface that stops it (Windle, Hughes, Linck, Russell, & Woods, 2013). Falls are the main 
cause of fatal and nonfatal injuries among the elderly according to a survey by the Behavioral Risk and 
Surveillance System, which was analyzed by the US Centers for Disease Control and Prevention (Center 
of Disease Control and Prevention, 2018). In this survey, in 2014, about 28.7% of older people reported 
falling at least one time in last year, what resulted in 29.0 million falls and about 7.0 million fall injuries 
only in United States (Bergen, Stevens, & Burns, 2016).

Moreover, the percentage of older people who fall increases with age, from 26.7% among people aged 
65 to 74, to 29.8% among people aged 75 to 84, to 36.5% among older people over 85 years old (Florence 
et al., 2018). Of the older adults who fall, half have recurrent falls and 50% will fall again in the same 
year (Rebelatto, Castro, & Chan, 2007). The fall event is, therefore, a risk factor for suffering further 
falls. According to the Brazilian Ministry of Health, approximately one third of the elderly population 
suffers multiple falls each year (DATASUS, 2009) and in the USA one in each four elderly falls every 
year, these falls being the major and most common cause of fatal injuries and hospitalizations (Center 
of Disease Control and Prevention, 2018).

The severity of the fall injury can advocate the early onset of morbidity and mortality. From the total 
number analyzed by the US, 2.8 million were treated at emergency units for fall-related injuries and ap-
proximately 800.000 of those treated, were subsequently hospitalized, and approximately 27.000 died, 
with women being more likely to report falls and a fall injury than men (Bergen et al., 2016; Florence et 
al., 2018). These numbers kept growing, between 2007 to 2016, the falls related occur by 2030, which 
is pretty death in USA increasing by 30%. Within this scenario around 7 deaths/hour will dramatic and 
highly costly. And Europe goes in the same way, with the Western region with 8.4 million older adults 
attended in medical centers due to fall-related injuries in 2017 (Haagsma et al., 2020).

Also it should be emphasized that falls are the most common cause of traumatic brain injury in older 
adults (Center of Disease Control and Prevention, 2018). That can produce an increment in cognitive 
impairment and contribute to the acceleration of the loss of functionality and an increase of sedentary 
behaviors through the emergence of fear-of-falling (Erickson et al., 2019; Freiberger, Häberle, Spirduso, 
& Rixt Zijlstra, 2012).

Prevention of falls and injuries is not easy due to the combination of intrinsic impairments (e.g., 
decreased muscle mass; deterioration of nerve, musculoskeletal, vestibular and visual systems; loss of 
tactile sensitivity to pain; memory loss, depression and anxiety) and extrinsic or environmental hazards 
(e.g., uneven ground surface, loose carpets, inadequate lighting, high beds, low toilet, inappropriate 
footwear, etc.) (Silva et al., 2016). Knowledge of preventive factors for falls in the older people might 
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lead to a reduction in this personal and public health problem. In a large number of occasions falls in the 
elderly lead to fractures of the hip and/or femoral bones, that situation increases the level of dependence 
and elevates the institutionalization rates with the consequent rise in socioeconomic cost (Teixeira, 
Oliveira, & Dias, 2006). Furthermore, older adults institutionalized are even at greater risk of falls, 
concisely they are three times more likely to fall because its higher physical and cognitive impairment, 
and 39.8% of then being between 80 and 89 years old, showing even more vulnerability (Florence et al., 
2018; Hartholt et al., 2012).

The institutionalized elderly usually have singular characteristics, such as sedentary habits, decreased 
autonomy and, in many cases, family abandonment, which contribute to the increase and prevalence of 
related to morbidities and comorbidities, especially falls, as it is one of the most relevant (and prevent-
able) health issues in aging, due to the high social and economic cost (Ribeiro, Souza, Atie, Souza, & 
Schilithz, 2008).

Institutionalized elderly have different needs, requiring attention, support and specialized services, as 
the vast majority are considered frail, presenting physical and/or mental morbidities, which makes them 
more prone to health problems, conceptualizing the frailty syndrome (E. J. Kim et al., 2015; Vlaeyen 
et al., 2015).

The concept of frailty refers to the heterogeneous syndrome that is found in older people, character-
ized by physical frailty concomitant with cognitive impairment (Fried et al., 2001). Among the features 
of the syndrome, the loss of functional physical capabilities such as muscle strength (due to possible 
sarcopenia), resistance (due to possible sedentary behavior), as well unintentional weight loss, can lead 
to an increased risk of accidents (Cai, Chan, Yan, & Peng, 2014; Bothania Hassan et al., 2016).

AGE-RELATED BIOLOGICAL CHANGES PREDISPOSING TO FALL EVENTS

Before the design of an intervention program to reduce the risk of falling through physical exercise, the 
health professional has to analyze and understand the changes related to age that increase the risk of falls.

Loss of Muscle Mass

Originally, the loss of muscle mass has been considered as an inherent phenomenon to the aging and 
determining process in increasing the risk of falls. Since the age of 25 to 30, there is a progressive loss 
of muscle mass that could reach up to 30% at the age of 80 (Center of Disease Control and Prevention, 
2003). However, the ratio of muscle mass loss is not the same between men and women and among 
the upper and lower members. Older men lose muscle mass in arms at a rate of ~ 0.29 kg/decade and 
women ~ 0.19 kg/decade, however this loss is greater in the lower limbs, reaching values of ~ 0.63 
vs. ~ 0.49 kg/decade for men and women respectively (Janssen, Heymsfield, Wang, & Ross, 2000). In 
addition, the anatomical cross-sectional area may be overestimated if the noncontractile tissue is not 
deducted, which usually represent a higher percentage in the elderly (Overend, Cunningham, Paterson, 
& Lefcoe, 1992). Taking into account all this information, it is expected that the older adults have a 
reduced amount of contractile tissue that harms functionality and increases the risk of falls. To this re-
duction in the muscle mass produced during the process of aging and unrelated to the presence of other 
circumstances (e.g., cancer, accident immobilization) has been called Sarcopenia (Rosenberg, 1989). 
This denomination marked a before and after research on the decline of muscle mass and its relationship 
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with functionality in older people. However, we now know that functionality, understood as the ability 
to perform movements required in daily life, and in which we could frame walking or getting up from a 
chair without falling, depends on other factors in addition to the amount of muscle mass. In this sense, 
more than four decades ago that dissociation between muscle mass and the force applied in a gesture 
(Moritani & DeVries, 1979) is reported. In fact, the concept of sarcopenia has evolved, and, in many 
consensus scientific articles, the deterioration of force, power or functionality have been included within 
the definition (Cruz-Jentoft et al., 2019). In this sense, in the last decade, the use of the term Dynapenia 
has been proposed to refer to the deterioration of muscle strength, power and functionality (Manini & 
Clark, 2012), arguing that this new paradigm can mark the means used for evaluation and the interven-
tion in the improvement of functionality.

Loss of Strength and Power

The rate of decline in muscle strength is greater than muscle mass during the aging process. Results 
of cross-sectional studies report a difference in maximum isometric force of 30%-50% between young 
people and older adults (~70 y). Muscle strength reaches its peak between the second and third decades 
of life, is maintained or slightly reduced between the fourth and fifth decades, and then progressively 
declines sharply at a rate of ~ 1.0 to ~ 1.5% per year (12%/decade), especially this reduction accelerates 
from 65 to 70 years (Booth, Harwood, Hood, Masud, & Logan, 2016; Chen et al., 2019). The rate of loss 
of strength, like the age-related muscle mass loss, is faster in the lower limbs than in the upper limbs 
(Booth et al., 2016; Chen et al., 2019). In addition, women have less absolute strength throughout the 
life cycle, which leads them to reach the dependency threshold at an earlier age. This makes strength 
training in women a priority to prevent dependency and the risk of falling. A deterioration in the abil-
ity to exert force and to contract fibers at high velocity has its origin in the atrophy that occurs over the 
years in muscle fibers, especially in the fast velocity contraction fibers or type-II fibers, the reduced 
muscle thickness and pinnation angle, slower formation of actin-myosin cross bridges, the deterioration 
of the recruitment capacity of high-frequency motor units and the reduction in voluntary activation. 
The reduction in force and velocity that experiments older people leads to a critically affected ability 
to generate muscle power or the ability to perform movements that require a manifestation of force at a 
certain speed. Two decades ago, muscle power was believed necessary to improve performance in sports 
activities, however, during the last ten years it has been known that it is also an essential component in the 
performance of certain activities of daily life and that is closely linked with improved functionality (Raj, 
Bird, & Shield, 2010). An adequate level of neuromuscular power will help older people to decelerate 
their movement to change their spontaneous direction of gait or stop their movement in a situation that 
poses a certain risk of falling, it will also allow them to rebalance in the face of an external disturbance 
(e.g., a stone in the road, a boost on the bus, etc.). Indeed, it has been suggested that muscle power is a 
more discriminating predictor of functional performance in older adults than muscle strength (Baltasar-
fernandez et al., 2021). In a study carried out with women in good physical condition in which two age 
groups were compared (18 to 30 vs. 65 to 74 years), it was reported that the muscular power measured 
in the unilateral leg press exercise was 61% lower in older women (Macaluso & Vito, 2004). This dif-
ference was determined by a 52% reduction in optimal force and a 21% reduction in optimal velocity, 
resulting in a 22.1% reduction in the ratio between peak power and maximum isometric voluntary con-
traction (Macaluso & Vito, 2004). The importance of introducing power training in exercise programs 
that seek functional improvement in older people and the consequent reduction in the risk of falls seems 

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



134

Fall Risk and the Use of Exercise as a Fall Prevention Strategy
 

unquestionable. There are an increasing number of studies that have applied high-speed training in older 
adults (Jaque et al., 2020; Ramirez-campillo, Castillo, De, & Campos-jara, 2018) and have shown that 
exercise interventions aimed at improving muscle power of the lower extremities are well tolerated, safe 
and effective even among frail older adults.

Decrease of Force Steadiness

The normalized amplitude (coefficient of variation, CV) of force fluctuations measured when a person 
attempts to sustain a constant force during submaximal isometric activation or the standard deviation (SD) 
of anisometric (eccentric, concentric) force activation is called force steadiness (or force variability) (de 
Luca, LeFever, McCue, & Xenakis, 1982; Enoka et al., 2003; Enoka & Farina, 2021). In general, older 
individuals are less steady (greater CV during isometric activation or greater SD during anisometric 
activation) than young individuals when they applied force at levels generally lower than 40% (Enoka & 
Farina, 2021). Force steadiness has been moderately associated with standing balance (Davis et al., 2020; 
Kouzaki & Shinohara, 2010) and risk of falls in older individuals (Carville, Perry, Rutherford, Smith, & 
Newham, 2007). For instance, Carville et al. (2007) have observed that older adults (>70 y) with a his-
tory of falls presented 31% lower levels of force steadiness compared to those older adults who did not 
have a history of falls, moreover this observation was independent of their maximal muscle strength. It 
has been suggested that the dominant factor influencing the amplitude of the fluctuations in force (<10 
Hz) is the variance in the modulation of discharge times within the force bandwidth, which represents 
only the slow oscillatory variability in motor unit discharge times (Enoka & Farina, 2021). Even though 
it remains unclear why the variability in the neural drive to muscle during a submaximal isometric or 
anisometric activation can explain significant amounts of the variance in tests of motor function it has 
been stated that the CV for force during steady contractions can explain more of the variance in motor 
performance than can measures of muscle strength (Enoka & Farina, 2021).

Brain and Cognitive Deterioration

The aging process, besides the association with locomotor system, is also strongly associated with 
changes in cognitive abilities (Seidler et al., 2010). In fact, daily life activities need the combination of 
executive/cognitive and functional abilities (locomotor system) (Faulkner et al., 2007), with the progres-
sive deterioration of the capacity to perform simultaneous (dual) tasks, also referred as cognitive-motor 
interference, starts to be a major risk for falls (Wollesen & Voelcker-Rehage, 2014).

A recent study (Wollesen, Wildbredt, Schooten, Lim, & Delbaere, 2020) has shown three important 
factors of executive function which are of special relevance to daily life activities:

(i)  inhibitory control (ability to stay focused, without distraction);
(ii)  working memory (ability to hold/manipulate information, priorities, and action plan);
(iii)  cognitive flexibility (ability to adjust/change attention, set-shifting, task-switching).

The executive functions need to be trained and improved to prevent fast deterioration, and increased 
risk of fall (Wollesen et al., 2020). Furthermore, as an additive effect specific higher-order cognitive 
processes may moderate efficacy of exercise via adherence (Best, Nagamatsu, & Liu-Ambrose, 2014). 
Adhering to exercise training is a must precondition to take benefits that regularly practice of exercise 
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offers. Therefore, it may be important to assess and consider internal self-regulatory cognitive processes 
at baseline to determine optimal strategies for promoting adherence to exercise recommendations for 
preventing falls in non-supervised programs. For example, those with executive dysfunction may require 
more frequent contact and in-person support versus those without executive dysfunction, and strategies 
as exergames training could be an more than optimal option to reduce fall risk and to work executive 
capacities (Gschwind et al., 2015; J. M. Cisneros Herreros & G. Peñalva Moreno, 2010).

PHYSICAL ACTIVITY AND FALL RISK

The above discussed about the decline in functional capacity results in part from neuromuscular changes 
such as muscle denervation, atrophy, and selective loss of muscle fibers (especially type II fibers) with 
reduced total muscle mass and decreased muscle strength and power, negatively affecting the balance 
and functional mobility of the elderly by reducing the effectiveness of postural adjustment and motor 
control mechanisms (Sherrington et al., 2019), and contributing to this increased risk of falls and fractures. 
This risk is particularly high in institutionalized elderly, since, among other factors, functional fitness 
levels are lower than in non-institutionalized elderly, which may partially explain the higher prevalence 
of falls with femur fracture that has been observed in this segment of population (Bergen et al., 2016; 
Florence et al., 2018).

Loss of muscle and functionality are only part of the age-related changes in the body (Milte & Crotty, 
2014). Causes of physical and cognitive impairment include cardiometabolic disease, chronic kidney 
disease, insulin resistance, sleep disorders, chronic inflammation and obesity (A. King et al., 2019; Kraus 
et al., 2019; Salminen, 2020). Some of the predisposing factors underlying sarcopenia (e.g., oxidative 
stress, inflammation) are also associated and may explain the common etiological factor, which is po-
tentiated by physical inactivity (Jensen, Hasselbalch, Waldemar, & Simonsen, 2015).

As well, the increase in the older population and the high levels of physical inactivity that occur 
in several countries in this population, predict the increased prevalence and incidence of falls in this 
population. Thus, physical exercise may play a key role in maintaining balance, functional mobility and 
consequently preventing falls in the elderly (A. King et al., 2019).

In this context, physical exercise appears as a non-pharmacological tool against consequences related 
to the risk of falling, as well as syndromes that may contribute to a greater predisposition to falling, or to 
the risk of falling. During exercise, various substances outside the central nervous system have the abil-
ity to communicate with the brain, including various types of cytokines. Some systemic inflammatory 
cytokines, such as TNF-α and IL-1β, have direct catabolic effects on skeletal muscle and brain functions 
during and after prolonged exercise (Trappe, Standley, Jemiolo, Carroll, & Trappe, 2013). Observations 
of the beneficial effects of physical exercise on physical and cognitive performance, particularly in the 
elderly, were made experimentally by several researchers.

However, regardless of gender, older people’s participation in exercise programs promotes increased 
muscle mass, muscle strength and balance, reducing the risk of falls and consequently fractures (Stokes, 
2009). The ACSM, in their 2018 Physical Activity Guidelines (A. King et al., 2019) provides strong 
evidence that physical activity reduces around 30-40% the risk of fall-related injuries in older people, 
and this includes severe falls requiring medical care or hospitalization.

Thus, the effectiveness of physical activity/exercise programs that emphasize combinations of 
moderate-intensity balance, strength, aerobic, gait, and physical function training for risk reduction 
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has significant public health relevance in older age, due to the high prevalence of falls and fall-related 
injuries and fractures among older adults, as well as the consequent morbidity, disability and reduced 
quality of life (Erickson et al., 2019; Kraus et al., 2019).

Strength-Power Training and Fall Risk

As a fall has a strong connection with muscle weakness and the loss of muscle mass, the kind of exercise 
that fights it, is strength training, is one of the most recommended type of physical activity for older 
populations (Cruz-Jentoft et al., 2010; de Souto Barreto et al., 2016; Bothaina Hassan et al., 2016; A. 
King et al., 2019).

Studies that associate strength exercises and the possible effects on fall risk and quality of life are 
scarce, but have been increasing its number in the last 5 years (Chupel et al., 2017; Cuevas-trisan, 2019; 
A. King et al., 2019). In some of the studies, it was observed that strengthening exercises promoted sig-
nificative improvements in muscle strength, increasing, or maintaining (or, at least, reducing the speed 
of loss of) muscle mass, as it plays a key role in maintaining balance and functional mobility, which are 
important factors for reducing and controlling the risk of falling in the elderly (Blain, Bernard, Boubakri, 
& Bousquet, 2019; Chodzko-Zajko et al., 2009; Cruz-Jentoft et al., 2010; Dipietro et al., 2019).

Also, the strength training programs were able to improved psychological well-being, stress levels and 
cognitive functioning (Kearney, Harwood, Gladman, Lincoln, & Masud, 2013; Salzman, 2011) which 
could help the individuals keep their adherence to exercise programs. Moreover, strength training based 
on perceived exertion has been shown to be an effective method for improving health-related quality of 
life in some subscales (vitality, functional capacity, general health, and mental health) as well in reduc-
ing depressive symptoms (Cuevas-trisan, 2019; A. King et al., 2019).

In some studies (Baltasar-fernandez et al., 2021; Rodriguez-lopez et al., 2021) were compared the 
power and strength training in different ways. Using traditional resistance training, focused on strength 
capacity, and some high-speed resistance training, focusing in the development of power as well. Over 
the 12-week training period, both groups showed significant improvements, and were effective in im-
proving functional capacity, muscle performance and quality of life in older women, but the high-speed 
resistance training program induced in a greater way, the improvements in muscle power and functional 
capacity (Ramirez-campillo et al., 2018), showing another interesting way for interventions.

Briefly, the programs that emphasizes in the use of strength and power training were able to improve 
muscle strength by 6% to 60% in older people and were effective in reducing the fall rate by 22% to 35% 
(Cadore, Rodríguez-Mañas, Sinclair, & Izquierdo, 2013).

Balance and Fall Risk

Recent studies have shown that exercise programs with at least 3 hour/duration/week, with some lev-
els of balance challenge, and balance-specific training could reduce around 21% the rate of falls in 
community-dwelling older people (Chou, Hwang, & Wu, 2012; Hauer et al., 2001). This studies also 
showed that all exercise programs had a fall prevention effect in community-dwelling people with some 
level of cognitive impairment and Parkinson’s disease. However, among stroke survivors and recently 
hospitalized elderly, the fall prevention effect, was not found with the same physical exercise program.

In another study (Binder et al., 2002) was compared the frequency of falls in 91 institutionalized frail 
elderly, divided in three different groups: i) Vitamin D supplementation; ii) low-frequency exercise and 
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iii) combination of both. The intervention iii) (i.e., combination of both) showed to be the most effective 
for the reduction of falls among institutionalized frail elderly individuals, showing the importance of the 
vitamin D supplementation, beyond the importance of physical exercise.

A recent meta-analysis (based on 18 RCT studies) (Huang, Feng, Li, & Lv, 2017) that analyzed the 
influence and use of Tai Chi, showed some evidence of its beneficial issues, mainly, in improving bal-
ance, and therefore reducing fall risk. Another review evaluating outcomes of these kind of interventions 
revealed that programs targeting at least two of these components (strength, endurance, flexibility, and 
balance) were able to improve balance capacities between 5% to 80% in older adults, and reduce the 
rate of falls significantly, with the rate of fall, and fall risk reduction above 55% (Cadore et al., 2013; 
Casas & Izquierdo, 2012).

Aerobic Exercise and Fall Risk

As the aging process is always associated with a cardiorespiratory capacity decline, the use of aerobic 
exercise has been recommended to counteract this process (Carrick-Ranson et al., 2020; Valenzuela, 
Maffiuletti, Joyner, Lucia, & Lepers, 2020). The aerobic/endurance/cardiorespiratory training usually 
include treadmill walking, step-ups, stair climb, cycling (usually, stationary cycling), and walking, with 
changes in pace and time duration (Freiberger et al., 2012; H. K. Kim et al., 2012; Zhang et al., 2016).

In a review investigating the effect of exercise interventions (Cadore et al., 2013), the outcomes of 
aerobic exercise showed improvements in maximum rate of oxygen consumption (VO2max) around 13% 
in older adults, after 3 months of practicing walking exercise ate 70-75% of maximal heart rate (HR) 
intensity, with progression starting in 20 minutes to 60 minutes duration. However, older persons with 
severe functional decline, most of times, are not able to perform this kind of exercise interventions, in 
a way to recover their cardiorespiratory capacities, or to promote significative changes (Cadore et al., 
2012; Izquierdo et al., 2001).

Although, aerobic capacity is a very important characteristic of physical capacity, and should be in-
cluded in an exercise training routine, there may be a need to strengthen the muscular system, or to use 
some method for controlling the adequate intensity for cardiorespiratory tolerance, previously the starting 
of an aerobic training, in order to achieve significant changes and adaptations (Izquierdo et al., 2001).

Some studies (Cadore et al., 2012; Izquierdo et al., 2001) have demonstrated that has a positive as-
sociation between strength and aerobic capacity, recommending the use of multicomponent interventions 
(Freiberger et al., 2012; García-Molina et al., 2018; H. K. Kim et al., 2012; Wang et al., 2018; Zhang et 
al., 2016), which have shown improvement not only in physical capacities, but also in cognitive functions 
of the participants, including reaction time, gait speed, balance, memory, mood and general well-being 
(Meurer, Benedetti, & Mazo, 2009). As well in a study by Chupel et al (2017) where aerobic capacity 
was correlated with cognitive performance and positive effects were noted in the trained group.

Multicomponent Exercise and Fall Risk

The “multicomponent” term refers to physical exercise programs which are composed by more than an 
only one mode of physical activity, being a mix of some of most common types such as strength train-
ing, aerobic exercise and stretching training, for example.
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A review (Cadore et al., 2013) on the use of this kind of exercise training, concluded that multiple-
component group exercise programs reduced the rate of falls and risk of falling, in both individually or 
group prescribed, home-based or physically present exercise programs in a very significant way.

In the same way, the American College of Sports Medicine (ACSM) 2018 Guidelines report convincing 
evidence related to the greater benefits of multicomponent exercise when compared to a single-mode of 
exercise alone (strength, aerobic, balance, etc.), in the prevention/reduction of fall-related injuries, and 
fall risk, by improvements in physical function in older adults. It has become the most recommended 
type of exercise program (A. King et al., 2019) with a rate of fall prevention around 31% in frail older 
adults (Cadore et al., 2013).

Moreover, multicomponent exercise programs, as well as the multi-task activities (that which com-
bine cognitive and physical task together) have shown to be an important and better option to daily live 
routine, being a positive alternative to the single, structure and regular exercise programs.

Dual-Task and Fall Risk

Dual-task activities refers to the combination of some cognitive task with some physical/locomotor 
activity (e.g., walking while counting backwards) (Wollesen & Voelcker-Rehage, 2014).

A recent meta-analyses has shown general dual-task activities improved significativly the level of 
global cognition and executive functions as well, in many and different types of exercise, its intensity, 
and the intervention settings, with some heterogenity, but all being positivi in some ways (Wollesen 
et al., 2020). Therefore, the review suggest that the studies where long interventions was choosen, had 
more benefits and improvents in general cognition

Also, the domains of cognitive function that are influenced by this kind of training are vast and sig-
nificant, going of inhibitory control to attention and mental shifting skills (Faulkner et al., 2007; Wollesen 
& Voelcker-Rehage, 2014). In this way, the use and promotion of new technologies may be a helpful tool 
to complement some kind of home-based and/or not supervised program for older adults, as they can, in 
some level, independently perform interesting and more diverse training sessions (Wollesen et al., 2020).

RECOMMENDATIONS, PREVENTION AND MANAGEMENT STRATEGIES

Adding to the above discussed benefits, physical exercise exceed fall prevention and the reduction of 
fall risk, being beneficial to general health and well-being and able to reduce the risk of disease onset, 
also managing chronic conditions such as arthritis, diabetes, heart and respiratory conditions, which are 
very common and related to aging process (Mendes, Sousa, & Barata, 2011).

Taking into account, the general recommendation from the ACSM (Jakicic et al., 2019), the European 
Union (European Union, 2014), the World Health Organization (Bull et al., 2020) and The National 
Program for Health and Physical Activity from Portugal (Direcao Geral de Saude, 2017) on physical 
activity to prevent fall converges in many point, highlighting that older adults should perform a varied 
multicomponent exercise at moderate to high intensity, that should include:

i)  Around 30 minutes/day of moderate intensity aerobic exercise, 3 to 5 days a week; or do vigorously 
intense aerobic exercise, for 20 minutes/day, 3 to 5 days a week.

ii)  Around 8 to 10 strength training exercises, with 10 to 20 repetitions, 2 to 3 times per week.
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iii)  Include balance exercises in the physical activity plan, as they can prevent fall in both, high risk 
groups and the general population.

These general recommendations of physical exercise to older adult population include the incorpora-
tion of physical activities focusing on maintaining and/or increasing/improving physical capabilities, 
such as muscle mass, flexibility, balance, endurance, and gait speed (A. King et al., 2019).

Some studies (Albornos-Muñoz et al., 2018; García-Molina et al., 2018; Hamed, Bohm, Mersmann, 
& Arampatzis, 2018; Pimentel & Scheicher, 2009; Sosnoff et al., 2015) also highlight the importance of 
effectively challenge balance with specific exercises that are conducted whilst standing, and participants 
should be encouraged, among other things, to:

i)  stand with their feet closer together or on one leg;
ii)  minimize the use of their hands to assist balance;
iii)  practice controlled movements of the body’s center of mass/gravity.

However, the prescription of the exercise and its difficulty must be guided taking account the indi-
vidual’s capacities and limitation, and the safety conditions. When balance, or any other physical capacity 
is mastered in a safe, stable and positive manner without any other support, it should be progressed to 
increase challenge and continue the progression rate (A. King et al., 2019; Kraus et al., 2019).

Specific ways to increase intensity of balance training for example, should taking to account the pro-
gressively difficulty of postures in different bases of body support, such as semi-tandem, tandem, and 
one leg stands, as well the movements which perturb the body’s gravity center, like circle turns, stepping 
over obstacles and tandem walk, and activities with reduced sensory output (eyes closed, walking or at 
least stand in unstable surfaces). Specific strength training exercises should also be included to improve 
balance, such as hip abduction and heel and toe stands (de Souto Barreto et al., 2016).

In addition to that, high doses of exercise (more than 50 hours – 2 session of 1 hour/ week, for 6 
months) have been shown to even have bigger effects on fall prevention. It is almost mandatory that ex-
ercise needs to be ongoing to have a lasting effect on fall rates. Therefore programs should offer ongoing 
exercise, or encourage people to undertake ongoing exercise at the end of a short-term formal program 
as recommended by the ACSM (A. King et al., 2019).

A study including 54 randomized controlled trials (Sherrington et al., 2011) indicates that the better 
options of exercise programs for preventing falls is those containing these three characteristics:

i)  Exercises specific to challenge balance;
ii)  High volume of exercise;
iii)  Low volume of walking program.

These three characteristics combined resulted in a rate of falls reduction by 38%. On the other hand, 
the exercise programs that have included walking resulted in a rate of fall reduction by 21%. According 
to the authors, this “apparently” lower effect around walking programs, may be related to one or more 
of these indicators:

i)  Elevated exposure to threats, contributing to increase fall risk with walking;
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ii)  The walking activity taking time away from exercises more indicated (balance training and/or 
strength training) and/or;

iii)  Confounding results (as the walking programs were more frequently prescribed to high-risk popu-
lations-institutionalized elderly, the beneficial effects of exercise in this population are less marked, 
and progress slower, even a reduction in the speed of capacities degradation can be understood as 
an improvement).

However, while walking appears not to be an effective strategy for fall prevention, there are other 
benefits in walking for aged people (Kraus et al., 2019; Mendes et al., 2011). In general, it was suggest 
that walking training may be add into a fall prevention program as long it does not take the place of 
balance training for example, and people at higher risk should not do brisk walking programs due to 
the increased risk with this activity (Grue, Kirkevold, Mowinchel, & Ranhoff, 2009; Kraus et al., 2019; 
Rapp, Becker, Cameron, König, & Büchele, 2012; Wu & Lu, 2017).

Additionally, the use of dual task programs should also be encouraged, with different kinds of combina-
tion, such as memory task and gait training or balance exercise, balance/walking exercises and hand-eye 
coordination, tandem walk with cognitive tasks, counting backward when weightlifting, and balance 
itself can be considered a coordination task, since it involves ongoing postural adjustments in different 
moments and conditions (standing, sitting, walking to a new base of support, or seat) (Wang et al., 2018).

Also, research aimed at studying if older adults were able to learn a specific movement (“tuck-and-
roll”) which could reduce impact during a fall, when the participants were trained and performed, in 
a standardized way, sideway falls (Moon, Bishnoi, Sun, Shin, & Sosnoff, 2019). The results showed 
significant decrease in the hip impact force, showing preliminary evidence that this kind of training has 
potential effect in reducing the severity of an unpredictably fall in older adults, and could be included 
in specific programs.

The exercise program also must include and respect the gradual approach to increase and increment 
the physical activity (types and time duration) over time (de Vries et al., 2012; Jakicic et al., 2019; A. 
King et al., 2019). Muscle strength training and weightlifting exercises are very important for older adults 
due to their specific role in preventing loss of muscle and bone mass overtime (de Vries et al., 2012; 
Jakicic et al., 2019; A. King et al., 2019). A significative number of studies (Chan et al., 2015; Ferreira, 
Ferreira, & Escobar, 2012; García-Molina et al., 2018; Padoin, Gonçalves, Comaru, & Silva, 2010; 
Pimentel & Scheicher, 2009; Ramalho et al., 2018; Sherrington et al., 2019) showed that exercise has 
important and consistent effects in reducing fall risk in older adult populations, mainly when prescribed 
at the very correct progression rate and intensity (Chou et al., 2012).

Besides some emphasis on the importance of balance and its training, the strength training is also 
gaining space/importance since strength capacities declines strongly after the age of 35-40 years (Blain 
et al., 2019; Cruz-Jentoft et al., 2010; Gielen et al., 2012), and impaired lower limb strength has been 
identified as an important fall risk factor (Menezes & Bachion, 2008; Ramalho et al., 2018). So, physi-
cal activities focusing on strengthening the lower limb muscle groups (Gillespie et al., 2012; Ramalho 
et al., 2018), muscles of the ankles, and feet (Spink et al., 2011) have been observed in successful fall 
prevention programs (Dipietro et al., 2019).

Moreover, the older adults who has some medical issues where therapeutic exercise should be performed 
in a specific manner to treat the condition, should engage in activities in a very specific way to prevent 
and reduce some of the risk involved, and the risk of developing any other diseases (Kraus et al., 2019).
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In summary, exercise programs which focus on balance and strength activities, providing continuous 
exercise, are showing to be effective in preventing falls. Exercises targeting the muscles of ankles and 
feet are considered important components of a successful fall prevention program (Spink et al., 2011). 
Also, the exercise programs design should meet the needs (Graph 1) and abilities of the targeted popula-
tion to provide exercises which are safe, motivational, and challenging.

The “functional state” is defined as the current state of the first evaluating moment, in summary, 
what he/she is capable in terms of training capability. This “functional state” is dependent on the “func-
tional capacities”, which is the capacity of to do/to perform daily life activities. This “capacities” being 
determined by their “physiological capacities”, that is, the physiological capacity of nervous system 
transmission to muscle fibers, cardiac debit, muscle strength and proprioception.

Therefore, the “physiological capacity” determines the “functional capacity” that determines the 
“functional state”, which is, the current state of the older person, so with correct physical evaluations 
and tests, addressing the correct functional level, we should be capable to recommend the most adequate 
kind of exercises to achieve the expected adaptation in the “physiological capacities”, to improve de 
“functional capacities” and level-up the “functional state”, keeping the circle working as good as possible.

In addition, some other activities such as aerobic classes, dancing, and specific sports have not been 
used in studies about fall prevention and its context, possible due to their difficulty, however as they 
are activities in which coordination, balance, and body control are required, they may be beneficial in 
maintaining balance and physical fitness status, but only for older people who are more able and ac-
tive (at the top of the pyramids in Table 1), or middle age groups. For older people with poor physical 

Figure 1. Elderly Needs

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



142

Fall Risk and the Use of Exercise as a Fall Prevention Strategy
 

status and postural control, these activities can be more dangerous, and increase fall risk (Gillespie et 
al., 2012; Tinetti, 2003).

CONSIDERATION FOR CLINICAL GROUPS

Most guidelines (de Souto Barreto et al., 2016; European Union, 2014; A. King et al., 2019) declare that 
is safe to (almost) all individuals (even sedentary ones) to start a moderate-intensity exercise program, 
and they have some assessment screening to know and clarify about any specific medical conditions 
and recommendations for older adults. However, they also state that if any older person wants to start 
a moderate physical exercise, and is apparently healthy, with no special condition to address, medical 
screening is not necessary, but is still recommended, and if the older one wants to start a vigorous physi-
cal exercise program, medical screening is strongly recommended.

On the other hand, older persons with some known disease (cardiac, pulmonary or metabolic) or any 
other factors which increase or influence the risk of adverse effects should undergo medical screening 
prior the beginning of any exercise programs. In addition, immediate cessation of physical exercise and 
a fast medical review is strongly recommended if they have any symptom or experience dizziness, chest 
pain, difficulty of breath (Dipietro et al., 2019). Taking that to account, the intensity of exercise should 
also be progressive with time, but in a much more tailored way, identifying individual tolerances, dif-
ficulties and preferences (Chodzko-Zajko et al., 2009; de Souto Barreto et al., 2016).

When prescribing exercise to people aged over 85 years, with or without any chronic disease, like 
functional limitation, Parkinson and previous stroke, for example, it is very important to be aware that 
they are at a substantially increased risk of falls (Erickson et al., 2019; A. King et al., 2019; Kraus et al., 
2019). Meanwhile, the evidence about the potential to prevent falls using well-design exercise program 
even in high-risk populations is well established, taking only extra attention to safety, ensuring that 
exercise is well supervised by well-trained professionals (Albornos-Muñoz et al., 2018; Barnett, Smith, 
Lord, Williams, & Baumand, 2003).

However, further studies are still necessary to better explain the most correct approach to prevent falls 
in older persons in some of these special conditions, since the scientific evidence about this is limited 
(Dipietro et al., 2019; Hill et al., 2011; Pimentel & Scheicher, 2009). In the same way, exercise programs 
designed for cognitively impaired populations, and its relation to fall and fall risk outcomes are scarce. 
However, it is expected that these populations will benefit from carefully, specifically prescribed and 
well monitored exercise programs.

For older persons with other kinds of medical conditions, some extra precautions may be required 
to ensure safe and effective exercise participation. Elderly with asthma and/or hearth disease may need 
some medication (Kraus et al., 2019), the diabetics may require the use of additional carbohydrate be-
fore or even during exercise (Foscolou et al., 2019; Hsu et al., 2011), and all of this can have a direct or 
indirect effect on exercise execution.

Additionally, some guidelines (Bull et al., 2020; Dipietro et al., 2019; Jakicic et al., 2019) recom-
mend extra attention, and the possibility of an extended period for a cool down activity, after physical 
exercise, to reduce the possibility syncope, hypotension, or even arrhythmias during the post-exercise 
period. The hydration status is also a concern since dehydration is more likely to occur in older persons 
(and some of them take diuretics to hypertension control, for example), so intake of mainly water is 
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highly recommended, before, during and after exercise (Picetti et al., 2017; Scherer, Maroto-Sánchez, 
Palacios, & González-Gross, 2016).

PRACTICAL PROPOSAL AND TIPS

The programs should all be supervised by an exercise expert, since some studies have shown that older 
people who exercise without a professional supervision, have the same benefits as the ones who do not 
exercise (Steele et al., 2017). The program proposed below of structured exercises performed with a chair 
to help and ensure the safety of the participants, consists of a progressively increased intensity employ-
ing elastic bands in 7 to 10 exercises per session (Table 1). Intensity progression was fixed according to 
the OMNI table for bands progression (Colado et al., 2018).

These exercises and its progression (and periodization) were adjusted to the recommendations from 
the guidelines mentioned above. The intensity of the proposed program was indirectly calculated using 
the Karvonen’s formula to predict target heart rate (HR), with HRmax being calculated using a speciðc 
formula for older populations (Target Heart Rate = (HRmax−resting HR) x %Intensity) + resting HR 
(Tanaka et al., 2001). During the exercise programs, to assess the internal load, cardiac frequency could 
be monitored with heart rate monitors and the rate of perceived exertion (RPE) with the Borg scale 
(Borg, 1982) for example.

The exercise program proposed here consisted of 3 to 4 session/week, with 7 to 10 exercise plus some 
level of aerobic and stretching exercising, of 2-3 sets of 10-20 repetitions, starting using only the body 
weight (just doing the movements) first, and goes on with a light intensity band during the adaptation 
period and progressed to 2-3 sets of 10-20 repetitions with a higher intensity elastic band for 2-3 weeks 
and increasing to 2-3 sets of 10-20 repetitions for another 2-3 weeks. Keeping this same system of pro-
gression for the following weeks, with the increase happening every 2-3 weeks, or, to the point that the 
supervisor believes it should happen. Finally, when the elastic band reach the green or blue colour (using 
Thera-band® colour-weight system), meaning they have been exercising for at least for 2 months, some 
extra exercises for balance (e.g. taking more time in the stand position than seated at the chair, stand in 
one foot, walking in a straight line, etc.), some free weights and shin guards could be added in, prefer-
able in a circuit format, which will allow a more intense and diversified range of exercises. Some gym 
exercises, and specific classes like yoga or tai-chi, to increase the variety of exercises could also be added.

The exercise program dynamics consisted of performing muscle groups alternated, with the approxi-
mate cadence of 2 seconds concentric phase and 3 seconds’ eccentric phase, and the frequency of 2-3 
times week, in alternated days, to allow appropriate recovery. Also, the use of music can be helpful to 
help then to warm-up, do exercises, and cooldown in a better way (Ziv & Lidor, 2011).

The program could start using the simple sequence of doing some warm-up exercise for 5min, and 
exercise 1, 2, 4, 6, 7, 8 and 9, without the elastic band, using only the body weight, with 2 sets of 10-15 
repetitions, with 30 seconds resting interval, for a week or two (3-6 training session), and in the follow-
ing week, the same, with the first elastic band (yellow). The following increment could be to include 
exercise 3, during 1-2 weeks with the yellow band, and going on to the red one. In the next step, exercise 
10 could be addressed, and in this 1st week, start with the yellow band, just to adapt, and go on to the 
red for another 2 weeks. In the following steps, using all 10 exercises proposed, starting with the red 
elastic band, 2 sets of 10-15 repetitions, being increased in the following week to 3 sets of 20 repetitions.
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Table 1. Protocol of Multicomponent Exercise Program

Warm-up 5-10 minutes PSE 4-6
Stand walking/Walking/Arm’s movements

Exercises (7-10) Sets Repetitions Cadence Interval PSE

1. Front squat (with a chair for beginners) 2-3 10-20 1:2 30 seconds 4 to 7

2. Chair Bench over row (with flexion) 2-3 10-20 1:2 30 seconds 4 to 7

3. Chair unilateral hip flexion 2-3 10-20 1:2 30 seconds 4 to 7

4. Chest Press (stand and/or chair) 2-3 10-20 1:2 30 seconds 4 to 7

5. Bench over row unilateral (Stand) 2-3 10-20 1:2 30 seconds 4 to 7

6. Chair (or stand) frontal total raiser 2-3 10-20 1:2 30 seconds 4 to 7

7. Chair (or Stand) reverse fly 2-3 10-20 1:2 30 seconds 4 to 7

8. Shoulder Press/twist arm front position 2-3 10-20 1:2 30 seconds 4 to 7

9. Chair (or Stand) Biceps arm curl 2-3 10-20 1:2 30 seconds 4 to 7

10. Chair (or Stand) Overhead triceps extension 2-3 10-20 1:2 30 seconds 4 to 7

Cooling down 5-10 minutes PSE 1-3
Upper and Lower body’s stretching (seated and/or standing)

Table 2. Progression and Intensity of Elastic Bands (by color and weeks)

Week Exercises Elastic band/weighs/shin guards Sets/Repetition

1 
2

1, 2, 4, 6, 7, 8, 9 
1, 2, 4, 6, 7, 8, 9

Body weight 
Body weight

2x 10-15 
2x15-20

3 
4 
5

1, 2, 4, 6, 7, 8, 9 
1, 2, 3, 4, 6, 7, 8, 9
1, 2, 3, 4, 6, 7, 8, 9

Yellow 
Yellow 
Yellow/Red

2x10-15 
2x10-20 
3x15-20

6 
7 
8 
9

1, 2, 3, 4, 6, 7, 8, 9, 10
1, 2, 3, 4, 6, 7, 8, 9, 10
1, 2, 3, 4, 6, 7, 8, 9, 10
1, 2, 3, 4, 6, 7, 8, 9, 10

Yellow 
Red 
Red 
Red

2x10-15 
2x10-15 
2x10-20 
3x15-20

10 
11 
12

All 10 
All 10 
All 10

Red 
Green 
Green

2x10-15 
2x10-20 
3x15-20

13 
14 
15

All 10 in a Circuit format 
All 10 in a Circuit format 
All 10 in a Circuit format

Red 
Green 
Green

2x10-20 
3x10-15 
3x15-20

16 
17 
18

All 10 + Circuit format + Free weight 
All 10 + Circuit format + Free weight 
All 10 + Circuit format + Free weight

Green 
Green + free weight (exercises 1, 5, 8) 
Green + free weight (exercises 1, 5, 8)

2x10-20 
3x10-15 
3x15-20

19 
20 
21

All 10 + Circuit format + Free weight 
All 10 + Circuit format + Free weight 
All 10 + Circuit format + Free weight

Green + free weight (exercises 1, 5, 6, 8, 10) 
Blue + free weight (exercises 1, 5, 6, 8, 10) 
Blue + free weight (exercises 1, 5, 6, 8, 10)

2x10-20 
3x10-15 
3x15-20

22 
23 
24

All above + Shin guards 
All above + Shin guards 
All above + Shin guards

Blue + free weight (ex. 1, 5, 8) + shin guards (ex. 3) 
Blue + free weight (ex. 1, 5, 6, 8, 10) +shin guards (ex. 3) 
Blue + free weight (ex. 1, 5, 6, 8, 10) +shin guards (ex. 3)

2x10-20 
3x10-15 
3x15-20
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This system (Table 2) can go on for a long period of time, with some and different levels of incre-
ment in one of the three exercise categories (quantity and difficulty, color/intensity of elastic band, and 
the number of sets and repetition) each 1 to 2 weeks, and a general “level up” at each 3 to 4 weeks, 
which shows progression in an easy and safety way, which could (should) be adapted to the personal 
needs of the “participants” according to the examination of the professional in charge, who will be the 
one deciding the best way to progress during exercise sessions, as well in the circuit training example 
proposed (Figure 1).

FINAL CONSIDERATIONS

Since de first guidelines were published, significant scientific evidence has emerged and showed, in 
some details, the benefits of a variety of types of exercise (aerobic, strengthening, balance) and its com-
binations and/or composed activities (Tai Chi, Yoga, multicomponent exercise, HIIT, Dance, dual-task 
training) in physical functions (gait, balance, ADL, muscular strength, muscle mass) and fall-related 
injuries (Dipietro et al., 2019; Jakicic et al., 2019).

In spite of the benefits of physical exercise on health and physical function throughout life and dur-
ing aging being well known, the proportion of older adults meeting the recommended levels of physical 
activity remains very low, being not above 27% in USA (Dipietro et al., 2019), 36% in Brazil (DATASUS, 
2009) and 30% in Europe (WHO, 2018). Also, low levels of physical exercise usually walk side-by-side 
with chronic diseases, which have a big impact in physical function decline. Some evidence shows that 
a sedentary lifestyle is one of the strongest indicators of disability in older population, which will also 

Figure 2. Example of a Circuit Training
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increase fall risk and for consequentely mortality (Dipietro et al., 2019; Erickson et al., 2019; Jakicic 
et al., 2019)

In the opposite way, a more active lifestyle with regular physical activity/exercise, meeting the mini-
mum recommendation of aerobic, strength training, and/or multicomponent exercise seems to have a very 
strong relationship with improved physical capacities and health in the elderly, as well in those suffering 
of some chronic disease, so, these kinds of activities may improve, or at least delay the processes of 
decreased mobility, frailty status, fall risk, and consequently the loss of independence during the aging 
process (Dipietro et al., 2019).

However, evidence on long-term exercise, aided by nutrition, is still scarce in this population. Supple-
mentation of branched chain amino acids has been studied and used as an alternative to try to combat 
/ alleviate the process of musculoskeletal degradation and may be an important agent in the control of 
falls in the elderly (Mitchell et al., 2012).

Thus, the role of adequate physical exercise programs in targeting these events must be highlighted, and 
fall prevention programs must be established with priority, including not only exercise programs (effective 
single prevention strategy), but also environmental modifications and multifactorial interventions(M. 
King et al., 2002).

In this perspective, appropriate interventions by health professionals are important in order to provide 
better conditions for a good quality of life and to prevent the increase of disabilities, which are the earliest 
causes of institutionalization, and one of the causes for an increased risk of fall, showing the need and 
importance of multifactorial interventions, which will be more effective than any single intervention 
(Cuevas-trisan, 2019).
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ABSTRACT

Falls are a significant and increasing threat to wellbeing and health of older adults in Finland. Education 
is a key factor to prevent falls. National recommendations have been published to guide the health care 
professionals’ work in falls prevention. In addition, interprofessional collaboration between different 
organizations have been done to prevent falls. This collaboration has produced evidence-based falls 
risk assessment tools, falls prevention programs, and materials advising older adults to prevent falls. 
Healthcare and educational organizations use these methods and materials to educate professionals and 
students in the risk assessment and prevention of falls among older adults. Finland is a good example 
how healthcare professionals from different settings and universities have worked together to increase 
the knowledge about falls and skills to prevent falls. Good collaboration can prevent falls nationally.
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INTRODUCTION

Falls are a growing health challenge for older adults worldwide. Life expectancy is increasing globally 
(United Nations, Department of Economic and Social Affairs, Population Division, 2015). In rapidly 
aging Finland, the number and incidence of severe fall-related injuries and deaths has increased during 
the last four decades, only the incidence of hip fractures has shown declining trend (Korhonen, 2014). 
Among the oldest old, especially among older women, there is an increasing need of long-term care 
because of fall-related injuries (Ryynänen, Kivelä, Honkanen, Laippala & Soini, 1991; Halonen, Rai-
tanen, Jämsen, Enroth & Jylhä, 2019).

Falls and falls prevention have a long research tradition in Finland. The first studies were about fall-
related hip fractures from the beginning of 20th century (Faltin, 1924) continuing with intervention 
studies (Edgren et al 2019). Despite the increasing knowledge about falls, there are shortcomings in 
implementation and integration of falls prevention into clinical practice and care of older adults. How-
ever, in the recent years some major efforts have been done in Finland in spreading the evidence-based 
knowledge to enhance effective falls prevention.

In education, falls prevention is an important topic for several reasons. Falls are prevalent and a major 
public health concern (World Health Organization, 2007). At individual level, falls cause distress, fear, 
harm and disability (World Health Organization, 2007; Panel on Prevention of Falls in Older Persons, 
American Geriatrics Society and British Geriatrics Society, 2011; Vieira, Palmer, & Chaves, 2016). 
Furthermore, consequences of falls demand health care resources and cause direct and indirect costs to 
the society (Florence, Bergen, Atherly, Burns, Stevens, & Drake, 2018).

This chapter focuses on fall prevention aimed at older adults. The authors describe the development 
of falls prevention work and education in Finland. The chapter determine the role of educational, health 
care, research, administrative and non-profit organizations (NGOs) in falls prevention work. The authors 
present the work done in Finland to make falls prevention more consistent and systematic across the 
organizations and among the social and health care students and professionals.

Background

Research about falls in older adults has a long history in Finland. Academic theses and articles focusing 
on epidemiology and treatment of fall-related hip fractures were first published (Faltin, 1924; Solonen 
1955; Nieminen, 1974; Kannus, Niemi, Parkkari & Sievänen, 2018), followed by epidemiology (Kurkipää, 
Vaalasti, & Peltokallio, 1959; Lönnroos et al., 2006), prognosis (Kivilaakso, 1956; Nieminen, 1974) 
and costs (Heikel & Österman, 1962; Nurmi, Narinen, Lüthje & Tanninen, 2003) of hip fractures. Stud-
ies on epidemiology and risk factors of falls have been conducted since the 1980s (Ryynänen, 1993; 
Luukinen, 1995).

Since the international evidence-based recommendations on falls prevention have been published 
(Guideline for the prevention of falls in older persons, 2001; Panel on Prevention of Falls in Older Persons, 
American Geriatrics Society and British Geriatrics Society in 2011), they have become widely recog-
nized and utilized in the Finnish health care and education. The Finnish Association of Physiotherapists 
published an evidence-based physiotherapy recommendation on the prevention of falls and fall-related 
injuries first in 2011 and updated version in 2017 (The Finnish Association of Physiotherapists, 2017).

As a national level project, the systematic implementation of falls prevention has started in Finland. 
The knowledge on falls prevention strategies is increasing. Regional falls prevention networks have been 
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established (The Regional Fall Prevention Network, n.d.), and programs for implementing falls prevention 
practices have been built and evaluated (Good Ageing in Lahti region; Ikihyvä, n.d.). This development 
has taken place during the past couple of decades. At the moment, the leadership and management play 
a key role in the long-term implementation of falls prevention practices. In addition, tools and practices 
on how to measure gains and effectiveness of falls prevention at population level are under development. 
In the field of education, the contents of fall prevention studies are clear.

A challenge is how to make teaching and learning attractive. For certain, health care professionals 
such as physicians, registered nurses, practical nurses, physiotherapist, occupational therapists and social 
workers, should be involved in falls prevention during their undergraduate studies. To reinforce learning 
and assure that practical learning periods confirm the importance of falls prevention, it is utmost impor-
tant for all health care students to see, that falls prevention is a living and important issue at hospitals 
and health care centers, and in residential aged care facilities.

INCREASING THE EVIDENCE-BASED KNOWLEDGE ON FALLS PREVENTION

Guidelines and Fall Risk Assessment Tools for Health Care Professionals

To increase evidence-based knowledge and practices of falls prevention, Finnish Institute for Health and 
Welfare (THL) published Finnish national guideline on assessment and prevention of falls in 2006 (Mänty 
et al. 2006). The extended and updated version of the Guideline was published in 2012. (Pajala, 2012). 
The aim of the guideline was to unify practices and tools used in falls prevention work nationally. The 
guideline was targeted to professionals and students working with older adults. This guideline included 
the model to implement evidence-based falls prevention, called IKINÄ-model. The model is based on 
international guidelines (Panel on Prevention of Falls in Older Persons, American Geriatrics Society 
and British Geriatrics Society, 2011) and research evidence. It is enriched with practical instructions and 
tools for implementing falls prevention among community dwelling older adults as well as in residential 
aged care and hospital settings. Included are the tools to assess fall risk as well as several measures for 
further evaluating specific fall risk factors, such as physical performance and mobility, cognition, fear 
of falling, nutrition, medication use and depression. These tools are introduced in Table 1. Selection 
criteria in including these tools to guideline was their validity and usability in falls prevention work.

In Finland, TOIMIA Functioning Measures Database is the repository of the national and those 
international measures that have been translated in Finnish (TOIMIA, n.d.). Database provides also 
description and evaluation of the psychometric properties of each measure. Most of the measures pre-
sented in the falls prevention guideline have sound validity and reliability, and they can be found from 
the TOIMIA Database.

The UKK Institute for Health Promotion Research has developed and a validated self-rated fall risk 
assessment tool called KaatumisSeula (Karinkanta et al. 2019). This screening tool is intended primar-
ily for non-professionals, such as exercise leaders, volunteers and NGO workers, who meet older adults 
elsewhere than in health care organizations. However, the screening tool is also in use among those 
health professionals who prefer self-assessment in their target group.
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Clinical Practice Tools for Falls Prevention

Good guiding materials help health care professionals to implement falls prevention. Guidebook for 
Implementation of falls prevention of older adults published by THL includes a set of tools, which are 
useful when starting implementation and evaluating the process. These are for example registering the 
falls, determination of fall incidence, staff knowledge level about falls prevention in the beginning of the 
process and how to monitor progress throughout the process. Along with Guidebook of Falls Preven-
tion THL produced fact-sheets for different health professional groups to aid their work to implement 

Table 1. Recommended tools for fall risk assessment and falls prevention in Finland

Assessment Tools and tests Available

Fall risk screening

FROP-Com Screen (Falls Risk 
for Older People) http://urn.fi/URN:NBN:fi-fe201205085108

FRAT, (Fall Risk Assessment 
Scale) http://urn.fi/URN:NBN:fi-fe201205085108

Comprehensive Fall Risk 
Assessment http://urn.fi/URN:NBN:fi-fe201205085108

KaatumisSeula self-rated fall 
risk assessment tool

www.kaatumisseula.fi, pdf-versions (digital version coming in Spring 
2020)

Physical performance

Balance & muscle strength SPPB (Short Physical 
Performance Battery) http://urn.fi/URN:NBN:fi-fe201205085108

Mobility & balance TUG (Timed “Up and Go” 
Test) http://urn.fi/URN:NBN:fi-fe201205085108

Balance BBS (Berg Balance Scale) https://www.terveysportti.fi/dtk/tmi/tmm00154

Self-rated balance ABC (The Activities-Specific 
Balance Confidence Scale) http://urn.fi/URN:NBN:fi-fe201205085108

Cognition and mood

Cognition MMSE (Mini Mental State 
Examination) http://urn.fi/URN:NBN:fi-fe201205085108

Depression GDS-15 (Geriatric Depression 
Scale) http://urn.fi/URN:NBN:fi-fe201205085108

Fear of falling FES-I-FIN (Falls Efficacy Scale 
International Finnish Version) www.ukkinstituutti.fi/ammattilaisille/testaaminen/kaatumispelkokysely

Nutrition

MNA (Mini Nutritional 
Assessment) http://urn.fi/URN:NBN:fi-fe201205085108

NRS-2002 http://urn.fi/URN:NBN:fi-fe201205085108

Alcohol consumption

AUDIT-C (Alcohol Use 
Disorders Identification Test) http://urn.fi/URN:NBN:fi-fe201205085108

Environmental hazards

Environmental checklist for fall 
prevention http://urn.fi/URN:NBN:fi-fe201205085108
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falls prevention. These include separate fact-sheets for medical doctors, registered nurses, leaders and 
managers. In addition, fact-sheets for clients and their families are available.

The UKK Institute has published the following materials for falls prevention: Exercise Guide, Checklist 
of Risk Factors for Falls which You Can Influence, and Ten Ways to Prevent Falls. These materials can 
be used independently or alongside with KaatumisSeula Self-rated Fall Risk Assessment. Materials are 
freely available in Finnish, Swedish and English (The UKK Institute for Health Promotion Research n.d.). 
The Regional Fall Prevention Network (RFPNetwork) has also published a guide Stay Up! Information 
about fall prevention for you and your loved ones. This guide is intended for clients and is also useful 
for professionals and students. (The Regional Fall Prevention Network, n.d.) All of the above tools are 
introduced in Table 2.

EDUCATION IN FALLS PREVENTION IN FINLAND

Health Care Professionals’ Undergraduate Education

In education of health care students, falls are an excellent topic to teach the concept of comprehensive 
geriatric assessment (Pilotto & Finbarr, 2018) and interprofessional teamwork. In Finland, falls preven-
tion ought to be a core content in the health care students’ curricula. Right timing is also important. For 
example, in the curriculum of registered nurses’, the last third of the studies showed to be optimal for the 
falls prevention education. In this study phase, the students are able to integrate theory and practical skills 
and manage multifactorial and multidimensional health risks such as falls in older adults. (Äijö 2019.)

As a learning content falls prevention is broad. First, it is important for health care students to notice 
the impact of falls at individual, health care organization and societal levels. The second step is how to 
identify older adults at risk of falling. Health care students must learn to ask about falls. All older adults 

Table 2. Recommended tools for implementation of falls prevention in Finland

Target groups Tools Available

Professionals 
and health care 
students

Guidebook for Implementation of falls 
prevention http://urn.fi/URN:NBN:fi-fe201205085108

Falls Prevention fact-sheets
https://thl.fi/web/hyvinvoinnin-ja-terveyden-edistamisen-johtaminen/
turvallisuuden-edistaminen/tapaturmien-ehkaisy/ikaantyneiden-
tapaturmat/kaatumisten-ehkaisy/kaatumisvaaran-arviointi 

Older adults

Safety years for older adults -guide https://www.kotitapaturma.fi/en/

Safe times with memory disabilities – a 
guide for families

https://www.muistiturku.fi/media/filer_public/20/cf/20cf9e4e-7b85-
46be-9449-a6b3031ce160/turvallisia_vuosia_muistiperheille.pdf

Exercise Guide, Checklist of Risk 
Factors for Falls and Ten Ways to 
Prevent Falls materials

www.kaatumisseula.fi

Stay Up –guide www.psshp.fi/rfpnetwork 
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who are under the care of health care professional should be asked about falls at least once a year (Panel 
on Prevention of Falls in Older Persons, American Geriatrics Society and British Geriatrics Society, 
2011). Those who report single fall should have gait and balance evaluation, for example with Timed 
Up and go Test. Those demonstrating difficulty or unsteadiness require further assessment. All high-risk 
groups such as older adults who present for medical attention because of a fall, report recurrent falls, or 
have gait and / or balance problems should be directed to comprehensive assessment. Third, knowing 
the screening tools, such as FRAT and FROP-Com, and learn to use them is part of the fall prevention 
studies. Screening tools are also a method to guide students to understand intrinsic and extrinsic risk 
factors of falls (Vieira, Palmer, & Chaves, 2016).

Forth, it is essential for students to see in practice how comprehensive fall risk assessment is done, and 
after that how the care and rehabilitation plan is developed and implemented. The multiprofessional falls 
clinics are best places to learn these skills. Unfortunately, these kinds of clinics are still few in Finland. 
Assessing older adults’ risk of falls in different environments such as outdoors, at home, in residential 
care facilities and hospitals, should be an advanced step in falls prevention studies.

Fifth, the students need to know evidence-based falls risk prevention methods. It is utmost important 
for students to see these methods and programs in action during their clinical practices in health care. Last 
but not least, students need to know their own role and responsibility as health care professionals and as 
members of the interprofessional falls prevention teams. Ethical issues are always present when students 
or health care professionals are working with older adults at increased risk of falling. The major concern 
is if a professional or student does not understand or ignores the risks of falling and consequences of falls.

All health care students have to learn how to identify persons at increased risk of falling, and what are 
the steps following the identification. For example, physiotherapy and nurse students need to recognize 
when the patient needs assistive devises or when it is important to do environmental assessment to reduce 
the risk of falls. Respectively, medical students need to be able to evaluate the role of patient’s health 
status, chronic conditions and medication with regard to risk of falls. Nearly all patients’ at increased 
risk of falls benefit from physical exercise to prevent future falls.

Evidence based knowledge form the solid basis for teaching and learning falls prevention. In addition 
to presenting sound theory, active and new teaching methods should be applied. Modern learning envi-
ronments such as simulation and skills labs promote students integrative learning by serving experiences 
how to combine theoretical knowledge, practical skills and interdisciplinary team working. Interactive 
skills such as how to interview, counsel and advise older adults are important in falls prevention, as are 
also the skills how to use different falls prevention assessment tools. There should be opportunities to 
practice these skills at vocational education institutions, universities and in clinical practice (Äijö, 2019).

Health Care Professionals’ Continuing Education

In Finland, specialized medical care hospitals are responsible to organize training courses for the staff 
in their region. Because of that obligation, Kuopio University Hospital (KUH) and RFPNetwork has 
organized several courses, videos, and information days in fall prevention. For example, KUH together 
with Kuopio´s education organizations have made a video “Why Lempi falled”. An educational version 
of this video will be made during spring 2020. It can be used as an education material for both profes-
sionals and students. This will support consistent falls prevention practices, procedures and guidelines.

KUH is piloting evidence-based Fall T.I.P.S. –model (Dykes, et al., 2017; Dykes, et al., 2019) to 
prevent falls in acute care hospital. The pilot started in December 2019 and will be implemented to all 
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inpatient wards before the end of 2020. The pilot contains education for professionals and collaboration 
with educational organizations and students. In continuing education, national web-based courses and 
materials have been used to increase the knowledge and skills of health care professionals (The Finnish 
Medical Society Duodecim n.d.). In addition, KUH has developed game-based education, using the 
escape room idea, to learn serious topics in a fun way (Niiranen 2019).

The UKK Institute offers knowledge and education for health care professionals nationally. A web-
based education program concerning different aspects of falls prevention has started recently. Web-
based education allows equal participation from all regions of the country and is available without time 
limitation. Education is free of charge, but registration is needed since the course is offered as a part 
of falls prevention implementation project. This project, funded by the Finnish ministry of social af-
fairs and health, also enables to further development of kaatumisseula.fi website. In the future, targeted 
information is available for health professionals, NGOs and older adults and their relatives. Based on 
large research and development, the UKK Institute has a long history of educating health professionals 
in falls prevention among older adults.

The Finnish Medical Society Duodecim (n.d.) produced on-line training package for falls prevention 
in 2015. This package is available through Oppiportti learning portal. Duodecim provides also many 
other on-line learning modules which are useful in recognizing and treating risk factors of falls. The 
National Current Care Guidelines produced by Duodecim cover important issues related to falls preven-
tion, for example, physical activity and exercise training for adults in sickness and in health, hip fracture, 
osteoporosis and hypertension.

FALLS PREVENTION IMPLEMENTATION EXAMPLES FROM FINLAND

IKINÄ Model

Widespread and systematic falls prevention remains insufficient despite extensive knowledge on the is-
sue. In 2014, the Joint Authority for Päijät-Häme Social and Health Care in Finland made the decision 
to begin the project to enhance implementation of falls prevention. Reduction of falls and fall injuries 
was set into one of the organizations strategic goals. Implementation project targeted over 7000 social 
and healthcare professionals.

The IKINÄ-model, based on AGS/BGS Clinical Practice Guideline, was chosen as a framework for 
the implementation and developing local falls prevention practices. The emphasis was on organized 
and systematic multi-professional fall risk assessment, risk-assessment-based planning and execution 
of necessary interventions. Implementation initiates always with analysis of falls, practices of recording 
the falls and skills and competence of the health care staff.

Since 2014, one or two staff members of each nursing home units, home care and acute/rehabilita-
tion wards (altogether 300 staff members) have undergone training of falls prevention and implemen-
tation champions. The basic training program consist of four modules, which include evidence-based 
knowledge on risk and prevention of falls together with practical tools for local implementation (Figure 
1). In addition, each fall champion attends yearly one-day further training event. Each staff member at 
the care unit is entitled to take web-based course of falls prevention, provided by The Finnish Medical 
Society Duodecim (n.d.). Furthermore, the head of each unit have taken part of the training program 
and they are liable for deployment of implementation in co-operation with the staff. Practices and scales 
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for systematic fall risk factor assessment using FRAT and Resident Assessment Instrument (RAI) have 
been put into operation.

Up until the autumn 2019, systematic fall risk assessment has become a fixed procedure at the region. 
Documentation of falls, risk factors, patient safety incident reporting and preventive work has improved. 
Physical activity and exercise are included in standard everyday program in care units. Beyond major 
improvements in falls prevention practices, the most important achievements of implementation so far 
are the ideas of ongoing process, continuous improvement and falls prevention being a permanent part 
of daily work of social and healthcare staff.

KaatumisSeula® Model

The UKK Institute has implemented falls prevention work from the perspectives of research and evidence-
based operational models and practices. Actors have been educated and tools developed to support falls 
prevention work. In addition to social and health care professionals, other actors such as physical educa-
tion instructors and NGO actors have been involved in falls prevention work.

Volunteers and NGOs meet a large number of older adults in their activities – also those who are not 
visiting healthcare regularly. Therefore, resources of the NGOs should be utilized in falls prevention. 
The main goal of KaatumisSeula® project (2014-2016) was to create local operational models for fall 
risk screening and implementing evidence-based preventive measures. The models were based on co-
operation between health care sector and NGOs, and local circumstances and resources were taken into 
consideration. The main action ideas were to offer risk screening largely and to put in action individually 
tailored preventive measures based on the screening.

Especially NGOs implemented the use of self-rated fall risk screening tool developed in the project 
(KaatumisSeula Fall Risk Assessment, see Table 2). Based on preliminary risk screening, people at high 
risk of falls were referred to comprehensive assessment conducted by educated health care professionals. 

Figure 1. Falls champion training program in Päijät-Häme region in Finland
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As the result of comprehensive assessment, tailored preventive measures were defined and implemeted. 
This approach is based on the multifactorial Chaos Falls Clinic Study (Palvanen, et al., 2014).

NGOs played a central role in not only screening but also informing about fall prevention measures 
and offering accessible balance and strength training for those with low risk. Exercise, especially balance 
and strength training, has been found to be the most effective single intervention in fall prevention, and 
therefore is the most important preventive measure in terms of primary prevention.

As a result of the project NGOs were found to be very active and keen in their role. Targeted educa-
tional material and self-rated fall risk screening tool produced in the project made it possible for NGOs 
to start fall risk screening and informing of preventive measures as part of their normal activities, such as 
in social meetings and events. At the moment, the UKK Institute is implementing both KaatumisSeula® 
and IKINÄ (developed by THL) models nationally to enhance multifaceted use of evidence-based fall 
prevention practices.

The Regional Fall Prevention Network

Kuopio University Hospital constantly develops methods to better meet the needs of patients and popula-
tion. Care and rehabilitation are developed in co-operation with the clients considering the quality and 
safety aspects and clients’ self-care and agency. The Regional Fall Prevention Network (RFPNetwork) 
established in 2012 is part of this development project. It is an open, interprofessional group with the 
aim of promoting falls prevention and fall-related accidents in the Kuopio University Hospital District 
by supporting the implementation of evidence-based and consistent falls prevention practices. The main 
objective is that the number of accidental falls and fall-related injuries will not increase in the area but 
rather turns to decline. (Tervo-Heikkinen, Äijö & Holopainen 2016; The Regional Fall Prevention Network 
n.d.) RFPNetwork member organizations represent different kinds of hospitals, health centers, nursing 
homes, homecare or educational organizations, altogether 15 organizations and groups of organizations 
in the area. The network has also nonprofessional members. (Figure 2.)

Network supports evidence-based falls prevention work and education by searching and producing 
consistent practices and guidelines. For example, the Stay Up! -guide (The Regional Fall Prevention 
Network, n.d., Figure 3) was developed to support the counseling or older adults. Another example is 
a pocket card list of fall risk increasing drugs compiled by pharmacists members of the network. The 
list helps health care professionals to identify medication-related fall risks and, if necessary, request a 
complete medication review for their clients.

CONCLUSION

Much has been done at regional and organizational levels to prevent falls among older adults in Finland. 
However, national level co-ordination is crucial to ensure that evidence-based practices are in use all 
over the country and development work will continue utilizing the results of newest and most relevant 
research. In addition, good leadership in practical level is needed to support and follow the results of falls 
prevention work. Falls prevention champions could play a key role in ensuring quality and continuity of 
falls prevention work in practice.
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Future projects are for instance the national ‘Terveyskylä’ House for Falls Prevention webpage and the 
UKK institute’s (n.d.) webpage for falls prevention. A national goal and policy implementation program 
on prevention of home and leisure time accidents promotes the central goals of falls prevention and easy 
access to core information. Instructions and recommendations in falls prevention should be up-to-date 
and in line with the new research evidence. Technology, for example in-house and wearable sensors, 

Figure 2. The RFPNetwork covers the entire area of the Kuopio University Hospital District i.e. nearly 
20% of the Finnish population (The Base map @ Maanmittauslaitos, 2020)

Figure 3. The Stay Up - Information is available in Finnish, Swedish, English, Russian, Turkish and Arabic
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may provide new options and possibilities for falls prevention work among older adults. This methods 
should be part of the educational contents as well.

A well-functioning co-operation and interaction between educational and different health and social 
care organizations is of vital importance in falls prevention education. Network-based and work life 
oriented co-operation promotes the education of skilled future professionals.
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ABSTRACT

Current demographic development requires appropriate care (informal/formal) for falls prevention in 
the growing older population across different settings as well as in the community. The development 
of new knowledge and research must be echoed in education and training of healthcare staff and also 
in the society. There is an urgent need to develop an interdisciplinary and interprofessional Master of 
Gerontology (“Master of Active and Healthy Aging”), which brings together research and practice. The 
innovative character of the program should be highlighted by the holistic perspective, incorporating 
courses in medical, nursing, rehabilitation, social, behavioral, psychological, economic, physiological, 
and management service aspects related to aging. A strong focus should be on active aging as well as 
the empowerment of self-care and (care) independency leading to falls prevention. In fall prevention 
work, new educational structures to teach and develop the workways across the Europe is needed.

INTRODUCTION

Ageing is a human phenomenon that is occurring globally. In Europe, 13% of the population is aged 65 
or more but in 2030, it is expected to be almost doubled to 24% (European Stakeholders Alliance for 
Active Ageing through Falls Prevention, 2015). This means that the average life expectancy is increasing 
- largely attributed to the development of medical and technological advances - but so are the challenges 
in geriatric care such as medical aspects of care, rehabilitation, nursing, psychology, sociology, pharmacy, 
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social aspects, amongst others. According to epidemiological data, about 28-35% of people aged 65 or 
more fall each year and over 70 years of age, this increases to 32-42% (WHO, 2007). This indicates that 
falls in older people must be addressed by health care professionals both in acute and chronic care setting.

Falls are considered as alarming adverse event due their consequences such as lacerations, bruises, 
loss of function, hip and/or skulls fractures or even death. In addition, WHO (2018) classified falls 
as the second highest cause of accidental injuries in older persons, and highlighted that programs to 
avoid falls and research in underlying causes of falls should be prioritized. Falls are adverse events that 
affect not only older people physically but also psychologically and socially. Consequently, falls and 
falls-related injuries are common problems of Public Health as they are associated with high morbid-
ity and mortality in older persons. Besides these aspects, falls and fall-related injuries increase costs in 
residential homes, nursing homes, public health services, hospitals and to old people that fall at home 
but have no health insurance. Therefore, it is relevant to contribute for patient safety by preventing falls 
in old people. Aspects related to causes of falls and how to prevent them should be taught at universities 
and higher education institutes. How exactly such education should be provided to the students could 
be particularly challenging to the teachers of such programs.

Most of the falls are preventable. Therefore, health care professionals such as medical doctors, nurses 
and physiotherapists can play important roles towards the prevention of falls. Their knowledge and skills 
to evaluate a patient´s overall health status and the risk of falls is vital and highlights the relevance of 
working as a team to prevent falls. This can potentially constitute a challenge to many educators, who 
are often used to work individually. For proper training of health professionals working in geriatrics, 
universities and universities of applied sciences must come together and develop joint aging related cur-
ricula. Inter-professional teachers should educate students as a team when teaching aspects such as falls 
and how to prevent them. As falls are multifactorial in etiology, the knowhow from different professions 
is needed. In addition, the health care professional´s skills to advise patients to decrease their falls risk 
are important. In many cases we need different kind of interventions involving different expertises of 
health care professionals. Unsurprisingly, what constitutes optimal fall prevention intervention and how 
to organize multi-professionals to work together, is a challenge. Similarly, another challenging point is 
teaching falls prevention to health care students in an effective way thus enabling them to educate old 
persons properly, implement accurate measures to prevent falls and to develop research in this field.

This chapter describes education, in a broad sense, related to falls, falls-related injuries and risk of 
falls, with particular focus on falls prevention as developed within the European Innovative Partner-
ship Active and Healthy Aging (EIP- AHA), as related to mitigation, recovery, care, and prevention 
of further falls (that is, in situations after falls, not just in situations leading to injuries). This includes 
the development of an innovative, dynamic and sustainable geriatric care system for AHA via capacity 
building using senior/patient-centered, multidisciplinary and inter-professional educational programs 
aimed at patients, patient caregivers (both formal and informal), health and social workers, adminis-
trators, entrepreneurs and other key stakeholders. The chapter will provide insights into some typical 
national education programs from some European countries, and provide some comparisons between 
these programs and, finally discuss the need of harmonization in geriatric care education across Europe. 
The chapter reflects ongoing work and collaboration between partners within EIP on AHA, especially 
in the field of education, teaching and learning. In addition, this chapter discusses falls prevention as 
a part of curricular related to patient’s safety. Evidence-based knowledge and interventions should be 
included in the list of topics that are taught in such curricula. Finally, this chapter describes the main 
teaching topics and teaching methods across Finland, Austria and some other EU countries.
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Background

A fall is defined as “inadvertently coming to rest on the ground, floor or other lower level, excluding 
intentional change in position to rest in furniture, wall or other objects” (WHO 2007, p.2). The etiology 
of falls is multifactorial and could be attributed to the following types of causes: intrinsic (due mainly 
to medical conditions) and extrinsic (largely arising due to environmental factors) Intrinsic factors, 
are related to physical and psychological state of the person, (e.g. lack of vision and/or hearing, reac-
tion time, musculoskeletal disorders, vestibular, proprioceptive and musculoskeletal disorders, gait, 
prolonged sedentary state, among others); to diseases (e.g. cardiovascular, neurologic, osteoarticular, 
genitourinary, among others) and to drugs (e.g. those that lead to diminishing of motor functions, diz-
ziness, hypotension, weakness, confusion and bed confinement). Extrinsic factors are related mainly 
to environmental situations (e.g. inadequate lighting, presence of obstacles, slippery surfaces, absence 
of handrails, among others) (Saraiva, 2008). In addition, Montero-Odasso (2018) highlights the impor-
tance of cognitive impairments such as lack of attention that compromises postural and gait stability 
and executive functions such as impairment of attention, inhibitory control, work memory and cognitive 
flexibility thus leading to falls. All these aspects must also take into consideration that older adults with 
falls show decreases in mobility and become more bed confined due to further functional impairment 
associated with bedrest per se and fear of further falls. This vicious cycle is associated with high risk of 
falls, increased morbidity and mortality.

Current demographic development in Europe requires appropriate informal and formal care for falls 
prevention in the growing older population across different settings as well as in the community. The 
development of new knowledge and research must be echoed in education and training of health care 
students and professionals in the society (Lowenstein, 2005). Falls are considered a multifactorial prob-
lem and therefore multi-professionals must be involved and working as a team in order to prevent falls 
by contributing to patient safety. Aspects such as interprofessional education (IPE) become particularly 
important. Interprofessional education in health content can be defined as follows: “Interprofessional 
education occurs when two or more professions learn about, from and with each other to enable effec-
tive collaboration and improve health outcomes.” (Zwarenstein, Atkins, Barr, Hammick, Koppel, & 
Reeves, 1999; WHO 2010). In addition, Buring, Bhushan, Broeseker, Conway, Duncan-Hewitt, Hansen 
& Westberg (2009) define it as follows:

Interprofessional education involves educators and learners from 2 or more health professions and their 
foundational disciplines who jointly create and foster a collaborative learning environment. The goal of 
these efforts is to develop knowledge, skills and attitudes that result in interprofessional team behaviors 
and competence. Ideally, interprofessional education is incorporated throughout the entire curriculum 
in a vertically and horizontally integrated fashion.

Interprofessional education is not a new idea. The need for IPE has been identified since the 1987 
in the United Kingdom (Center for Advancement of Interprofessional Education (CAIPE), 2008) and 
later spread globally to different countries and different educational fields such as medicine, nursing 
and rehabilitation (Sander, Schmidt, Rehkämper, Lögters, Zilkens, & Schneider, 2016; Riskiyanaa, 
Claramitab & Rahayub, 2018), psychology (Ward, Zagoloff, Rieck, & Robiner, 2018), dentistry (Cole-
man, Finn, & Nattress, 2018) and pharmacy (Buring et al. 2009). Additionally, different kind of network 
groups have also been established (e.g. European Interprofessional Education Network, Helme 2009). 
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Recently published meta‐analysis shows that the IPE program has a positive impact - and effectiveness 
of educational intervention - in various disciplines of healthcare. However, more research is needed to 
identify the effects of IPE program on students’ clinical competence (Guraya, & Barr, 2018). There is 
also a need to develop an interdisciplinary and interprofessional educational program around the world 
and different professional areas (Riskiyanaa, Claramitab & Rahayub, 2018; Topperzer, Hoffmann, Roug, 
Larsen, Lausen, Schmiegelow & Sørensen, 2019) and for tackling the issue of falls and falls-related 
injuries, especially in older persons.

From an educational perspective, it is important to educate geriatric health care students to know 
how to carry out work related to falls prevention. The global curriculum, courses and contents related to 
falls prevention should be included in interprofessional pedagogical development work. When the falls 
prevention knowledge is in the curriculum and the teachers discuss it in a context with the students during 
the courses, the students learn to do falls prevention work and student learn to work interprofessionally 
and will get experiences what it means to be a one member of interprofessional team.

One example of such a courses is Master of Gerontology („Master of Active and Healthy Aging“). 
As teamwork is particularly important in older persons care, the Master program should emphasize IPE 
and learning (Banks, & Janke, 1998). This is important as, currently, there is a lack of targeted educa-
tional structure concerning the falls prevention across Europe comparable to those in the United States 
and Canada.

ACTION ON INTERPROFESSIONAL EDUCATION AND 
COLLABORATION IN FALLS PREVENTION

Interprofessional Education (IPE)

To accomplish proper education related to falls and falls prevention, health care professionals should 
come together and discuss the best way to teach students, caregivers and older persons. Firstly, health 
care professional students should engage in IPE program, which requires that “….two or more professions 
learn about, from and with each other to enable effective collaboration and improve health outcomes” 
(World Health Organization (2010, p. 13). This form of education is different from the traditional one, 
where health care programs are more strict and rigid and the disciplines are administered in close 
modules leading to memorization -rather than understanding - of the content. On the other hand, IPE 
programs are more flexible and engage encouragement of students from different professions (Sullivan, 
Charrette, Massey, et al. 2018) as well as allow collaboration with other and with different expertise. 
McKenzie, Lasater, Delander, Neal, Morgove, and Eckstrom (2017, p. 232) referred that scientific papers 
concerning IPE “have linked positive outcomes in health care to evidence-based (EB) interprofessional 
(IP) collaborative practice”. Such collaborative practices are the most promising forms of activities for 
solving different problems in clinical practice as they involve the interactions of several professions to 
achieve patient –centered care, and contribute towards patient safety.

In Portugal, for example, it is currently challenging to get inter-professional students to learn about 
falls from different professions and perspectives. However, incorporating IPE in educational curricula 
in the future, could lead to improvements in falls prevention in older persons. It has to be initiated at 
schools in an inter-professional curriculum, where physiotherapists, physicians, nurses, pharmacists and 
others could come together and develop a falls-based curriculum for students from different educational 
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and professional backgrounds. In order, to engage different students’ in theory, evidence-based lectures 
or workshops could be a good approach followed by problem solving based on problem based learning 
(PBL) methodology. PBL is an active pedagogic methodology used for students to interact with each 
other and it helps in development of critical, analytical and reflective thinking competences; all these are 
aspects needed for students from different care professionals (Abreu, & Loureiro, 2007). After training, 
for example, in simulation classes, students are more prepared to go engage in practice and teach older 
persons about falls prevention, usually under a teacher’s supervision. Once the older people get the falls 
prevention knowledge, they can engage in educating other seniors. Peer education is highly profitable 
as older persons can share their falls knowledge, values related to geriatric health and active and healthy 
aging behaviors with each other (Vernon, 2010).

We outline here a typical example of a Master (“Active and Healthy Aging”) that can be used to 
promote falls education for all potential stakeholders involved in falls prevention initiatives.

Master of Active and Healthy Aging

The development of a distinctive Master of Gerontology should encompass inter-disciplinary, interpro-
fessional research based/ research-oriented education. It should have a flexible and modular structure 
to fulfil the needs of a heterogeneous student group as well as to upgrade the level of knowledge related 
to prevention and management of falls of different professionals. A further aim of the Master program 
is to bring together research and practice.

The innovative character of the program should be highlighted by the holistic perspective, incorporating 
courses in medical, nursing, rehabilitation, social, behavioral, psychological, economic, physiological, 
management service aspects related to aging. A strong focus should be on active aging as well as the 
empowerment of self-care and (care) independency leading to falls prevention. It could also focus on 
the link between universities and communities and other institutions for older persons; to achieve this it 
is important to understand the knowledge and competencies of each other’s professions. The program 
must be flexible in its nature and should be potentially changeable based on feedback and evaluation - as 
well as the needs - of the participants of the Master program.

An important aspect to consider in the education of gerontology and geriatrics it the need to build 
a knowledge base. This fundamental base, should incorporate a systematic literature review, including 
for example, the Cochrane Handbook for Systematic Reviews of Interventions, focused on community-
dwelling persons aged 65 years or older with frailty or pre-frailty. The following aspects should be included:

• Diagnostic criteria, methods of identification, and prevalence of falls
• Predictors and/or prognostic factors (modifiable risks) of falls
• Patient profiles, treatment and rehabilitation pathway of falls
• Burden of the condition on patients and the role of caregivers in fall prevention

The creation of a Master could be performed as a co-operative group activity of experts in the 
medical field as well as experienced and qualified educators in the field of higher education and social 
gerontology. Detailed components as proposed by Billings and Halstead (2005) could be followed when 
designing the master program.
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Pedagogical Development Work in Falls Prevention

To develop a new master degree programme based on the IPE idea, pedagogical aspect need to develop 
too. Health care students and professionals need more education, new knowledge and skills to tackle 
aspects related to falls among older adults. To support health care professionals work, many countries 
have clinical practice guidelines for fall risk screening, assessment and management included in standard-
ized fall prevention tools (Panels on Prevention of Falls in Older Persons, 2011; Falls in Older People: 
Assessing Risk and Prevention, 2013; Boushon et al., 2012). Multifaceted and tailored strategies have 
been shown to be successful ways to improve health care professionals´ competence in fall prevention, 
which, in turn, have been shown to lead to decreases in older adults’ risk of falls (Breimaier, Halfens, 
& Lohrmann, 2015; Goodwin, Abbott, Whear, Bethel, Ukoumunne, Thompson-Coon, & Stein, 2014; 
Stubbs, Brefka, & Denkinger, 2015). In addition, falls prevention is one significant part of patient safety 
and effective care work with older adults at the workplace (Reeves, 2016). Based on the development 
work from the work field, in health care education, students could learn evidence-based practices in fall 
prevention. During the studies, students need to gain theoretical and practical understanding of what falls 
prevention is. Theoretically, the students need to understand fall related intrinsic and extrinsic risk fac-
tors (Dionyssiotis, 2012; Guidelines for the Prevention of Falls in Older Persons 2001). In addition, the 
teaching perspective could be broader using the World Health Organization’s (2007) risk factors model 
in which are included four risk factors groups; behavioral, environmental, biological and socioeconomic. 
It is important that students learn about the availability of screening tools and how these tools are used 
in working life at the local, national and global level. After the theoretical understanding, students need 
to strengthen their learning in practical aspects. Interactive learning methods such as simulation-based 
learning, support student’s practical skills learning. It helps students to integrate theoretical knowledge 
with the practical skills. For example, how to carry out fall risk assessment using screening tools, how 
to evaluate the results and how to use the results for guidance. In addition, interactive learning methods 
are key features of IPE (Reeves, 2016).

Excellent learning places for learning falls prevention are clinical practice rounds/ postings. This is 
an important place for the students where their learning experience from the higher education meet the 
practices from the clinical practice perspective. In different work places such as in hospitals or in home 
care, different methods and working procedures to prevent falls exist. Therefore, it is highly important 
that local health care professionals and teachers collaborate together to support the falls prevention work 
together with older adults but also students. When students complement learning experiences from the 
university with those that are learned during the clinical practice, excellent competence towards falls 
prevention can be achieved.

In their higher educational studies, geriatric health care students are supposed to develop from 
novice to experts in the field and learn extensively how to prevent falls among older adults. In Savonia 
University, the department of Applied Sciences has developed a teaching model which integrates theo-
retical and practical learning aspects (Äijö 2019). This teaching model includes three phases. Firstly, 
theoretical contents related to falls prevention are taught in lessons using interactive learning methods 
such as group discussions and seminars. Secondly, students participate in full-scale simulation at the 
university simulation center. Thirdly, students carry out their clinical practice in different types of work 
places. During the clinical training, one learning outcome for the students is to carry out work related to 
falls prevention. The health care students learning experiences from the falls prevention teaching model 
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has been promising. As repeatedly stated in this chapter, education of falls prevention in older persons 
requires a balanced coherence between theoretical and practical skills.

Aspects Related to Dissemination: An Overlooked Component of Aging Care

Included in the development of the translational patient-centered Gerontology Master Program („Master 
of Active and Healthy Aging“)- an inter-professional program for senior citizens, social and health car-
ers – should be an important component related to dissemination. Aspects such as the need to develop 
good practice guidelines, training and outreach programs of personnel involved in aging care should be 
emphasized. Dissemination of good practices in aging care, including falls prevention, should be carried 
out at regional, national and EU levels, including via an information and communication technology 
(ICT) platform. Aspects such as educational and information tools for citizens and formal and informal 
caregivers should be incorporated in the curriculum.

Other important aspects to be included in the educational program of falls include:

1.  Development and dissemination of good practice guidelines for health care workers, policy makers 
and partners regarding application of tools developed from ontology for improved fall prevention.

2.  Development of best practice (evidence-based) guidelines as aid for health care professionals and 
partners requires using state of the art research by formulating recommendations for practice 
and as means to external control by translating the recommendations to performance indicators. 
The scope and purpose of the guidelines and the target groups should be clearly described in the 
course. For instance, the development of the guidelines could be followed in a structured and co-
ordinated 8-step wise procedure (Grol, Wensing, Eccles, & Davis, 2013). The development group 
includes representatives from all relevant professional groups (medical, nursing, rehabilitation, 
etc.) represented in aging care as well as representatives of the target groups (patients’, relatives, 
caregivers). To develop such fall prevention guidelines, multidisciplinary expertise involving bio-
statistics, economics or medical knowledge has to be complemented with knowledge from patient 
representatives and other target group members as well as experts in group dynamics. Additionally, 
to ensure the acceptance of these guidelines across different stakeholders, the needs/ knowledge of 
possible users must be taken into account e.g. clarity of language, easy to use and practical as well 
as characteristics of innovation such as advantages of the guideline recommendations, adaptability 
etc. Finally, effective dissemination and implementation strategies related to the various groups 
has to be selected e.g. audit & feed-back. When developing all these aspects in the curriculum, 
identification of commonality in municipal and regional policies for falls risk reduction in com-
munity living should be emphasized.

3.  Development of evidence-based cost effectiveness analysis of intervention strategies and follow 
up and social support programs for policy makers. The preventive guidelines must embrace the 
implementation process structure that enables intermediaries like health and social care provid-
ers, and public health authorities, to provide access to solutions for citizens and families. These 
guidelines can provide the foundation for business investment and inputs to insurance strategies, 
while identifying benefits and risks of prevention strategies.

4.  Development and administration of interdisciplinary education and training for health care 
personnel, caring relatives and voluntary helpers must be carried out in cooperation with relief 
organizations. Training of caring relatives and voluntary helpers should be targeted by their needs 
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and wishes, which must be supported in two dimensions. These can be labelled in the so-called 
“tangible and intangible dimensions”. The first one will be represented with detailed information/ 
training regarding different services, goods, equipment, basic information e.g. changes in health 
status, aging and training related to basic care of the frail elderly. The co-dependent and essential 
intangible dimension deals with the relationship qualities between the informal (relatives, volun-
teers) and formal carers (nurses, medical doctors). Therefore, an important focus area is how family 
members can express their positive and negative experiences (which they have had while caring 
for older persons) with dedicated health professionals and how they can receive adequate support 
while they are providing care (Stoltz, Willman, & Giggi, 2006). In addition, support and promote 
local civil group and family involvement by designing outreach programs for falls prevention for 
relatives and laypersons as target group for information. These programs are aimed at teaching 
family members and laypersons involved in older persons care how to promote healthy lifestyle in 
older people including compliance and adherence to healthy lifestyle programs, increasing health 
self-awareness and management, promoting self-empowering behavior to support their commitment 
to positive lifestyle changes thereby leading to falls prevention. Furthermore, it will give informa-
tion about necessary assisted devices to the relatives as well as guide them regarding specific home 
modifications that are required for older persons.

When developing such programs an important aspect is creation of art and media-based information 
and campaigns to promote an active life-style in older people including compliance and adherence to 
intervention programs, increasing health self-awareness and management, promoting self-empowering 
behavior to support the commitment to positive lifestyle changes and information about helpful assisted 
devices. These include telecommunication, cinema and literature.

CONCLUSION

This chapter summarizes the need of- and the development of- a translational patient-centered Gerontol-
ogy Master Program (“Master of Active and Healthy Aging“)- an inter-professional program for senior 
citizens, social and health carers. This program should also have an important component related to 
interdisciplinary education and dissemination, amongst other aspects related to aging care. The creation 
of a Master should be performed as a co-operative group activity of experts in the medical field as well 
as experienced and qualified educators in the field of higher education and social gerontology. The 
program should be flexible in its nature and can be changed based on feedback and evaluation as well 
as oriented to the needs of the participants of the Master program.
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ABSTRACT

This chapter presents an exploratory review on the evaluation, assessment, and monitoring in health and 
fall risk by common and the most used assessment tools. The main discussion of this chapter of evalu-
ation in health and fall risk is divided into six categories—global health assessment, specific physical 
(and fitness) assessment, cognitive and psychological assessment, pharmacological assessment, fall 
risk specific assessment, and some complementary assessment—which show information and how to 
access. Whereas health evaluative experiences and practices are essential to drive a better and specific 
intervention, revealing its importance and necessity was also highlighted.
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DEMOGRAPHICS OF HEALTH AND FALL RISKS IN THE ELDERLY

In the last years an increased attention towards falls prevention and management has been not surpris-
ing since falling has been recognized worldwide as a major health risk for older people. The number 
of falls is increasing each year and is the leading cause of injury (fatal and nonfatal) in older adults in 
Europe and in USA. Approximately 30% of people over 65 years old, and 50% of those over 80, fall at 
least once a year, and approximately 33% of these are repeated fallers (Bergen, Stevens, & Burns, 2016; 
Cuevas-trisan, 2019)

One-third of falls requires medical attention, including serious fractures (2-10%), being also the lead-
ing cause of hospitalization, and resulting in about 36.000 deaths per year in Europe (EUPHA, 2009). 
In the USA, the situation is similar, with 28.7% of older adults reporting falling at least one time in the 
past 12 months, which amounts to 29 million falls a year (Center of Disease Control and Prevention, 
2018). The severity of injuries can vary, but 2.8 million of them were treated in hospital and 25% of 
these individuals were hospitalized subsequently, resulting in approximately 27.000 deaths (Bergen et al., 
2016; Cuevas-trisan, 2019). Also, it is known that older people who lie for an hour or more unattended 
after falling, are less likely, than those who get up or are helped up to make a good recovery. More than 
50% of those who remain on the floor for over an hour will die within 6 months, even though not directly 
injured by the fall (Blain, Bernard, Boubakri, & Bousquet, 2019).

Populations who report poor health have significantly higher fall-related injuries than the ones who 
report excellent health. Women are more likely to report falling and fall injuries, and this can be explained 
by the reduced muscle strength that is found when compared to men, with sex and age being two factors 
associated with reduced muscle mass (Cuevas-trisan, 2019; Nevitt, Cummings, & Hudes, 1991; Rapp, 
Becker, Cameron, König, & Büchele, 2012). Also, the percentage of caucasian older adults who report 
falls is greater than that among black persons, however, only a few studies on racial and ethnic differ-
ences had been published, and these differences could also be related to health behavior and/or culture 
(Bergen et al., 2016; Nicklett & Taylor, 2014)

In USA, the approximate costs related to falls among older people were estimated at 31.3 billion dol-
lars annually in 2016 (EUPHA, 2009), and when applying this number to the expected at risk of falling 
older population, who is deemed to increase 55% by 2030, this cost could reach around 50 billion dollars 
annually in order to support the predicted 48,8 million falls and the 11,9 million fall injuries, with this 
increase in cost being similar worldwide (Hartholt et al., 2012). And what is more alarming about this 
data, is that does not include persons in long-term care facilities who are at higher risk for falls (Rapp 
et al., 2012; Vlaeyen et al., 2015), so these numbers could be even greater.

The ageing process itself contributes to falls because of the association with several psychological 
and physiological changes, the decline of gait and balance, the increase in sedentarism, use of medica-
tion and the presence of several chronic conditions, all are risk factors for falls.

However, the good news is that falls in older adults are preventable, and health care professionals can 
play an important role in it, by discussing about falls prevention with the elderly, providing good and 
clear information, as well as promoting appropriate interventions (Gillespie et al., 2012). Some studies 
showed that correct interventions were able of reducing the incidence of falls in more than 20%, which 
is very significant.

Some guidelines, as those from the American and British Geriatrics Societies, and NICE recommend 
an approach that includes activities like talking about falls, assessing and reviewing medications, bal-
ance, and the level of vitamin D, for example (AGS/BGS Clinical Practice Guideline, 2011; National 
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Institute for Health and Care Excellence, 2013). A three step guide was also developed to address the 
patient in an initial visit: 1) ask patients if they have fallen in the past year, feel unsteady, and/or worry 
about falling; 2) review medications and stop, switch, or reduce the dosage of drugs that are linked to fall 
risk; and 3) recommend daily vitamin D supplementation (to improved bone, muscle, and nerve health).

Briefly, many factors, such as physical (musculoskeletal and nerve condition, strength/weakness, 
gait, balance, sarcopenia), psychological (depression, self-esteem, self-confidence), pharmacological 
(medication), physiological (diabetes, uremia, vitamin deficiency, hypotension, irregular heart rate), 
health history (diseases), pain and vision impairment are involved in the cause of falls. The very fear of 
falling can play a crucial role because the greater the fear, the greater self-restricted activities (reduc-
tion in social interactions and physical activities), and the greater the risk of falls. However, to address 
it correctly, and avoid falls and their possible consequences (serious injury, loss of independence, and 
even death)(Rapp et al., 2012; Salzman, 2011), the health care professionals are essential, and play an 
important role by screening and monitoring older adults at risk.

Basically, opportunities to make fall prevention a routine part of clinical practice and reduce the bar-
riers to providing services that can prevent falls among older adults, should be created. As mentioned 
above, fall risk is a multicomponent problem and therefore a multifactorial assessment is need in order 
to be effective.

1. GLOBAL HEALTH ASSESSMENT

Definition and Characterization

The Global Health Assessment includes an individual’s physical, mental, and social health. The measures 
are generic and global, rather than disease-specific, and often use an “In General” item context as it is 
intended to globally reflect the subjects’ perception of their own health. It should include the patient 
history, some physical, nutritional, pharmacological, psychological and social assessments (Cuevas-
trisan, 2019; King et al., 2019).

1.1. Patient History

Patient history is a set of documents and reports about his health status at different stages of life. It gath-
ers historical information on current, past, family-affecting illnesses and health care provided, physical 
evaluation, testing and treatments. Gathering information about illness, habits, appointments, tests and 
treatments, this anamnesis is one of the foundations for providing effective care. For signaling risk fac-
tors, this document is also used as a support in preventing pathologies and health conditions. These and 
other aspects reveal the need for different health professionals to deepen their knowledge of the patient’s 
history. This history should include specific questions about falls and its risk factors (Almeida, Abreu, 
& Mendes, 2013; Oliveira et al., 2015).

1.2. Initial Assessment of Fall Risk

The STEADI (Stop Elderly Accidents, Death & Injuries) proposes 3 must ask questions to include in a 
routine part of the exam: 1) Have you fallen in the past year? 2) Do you feel unsteady when standing or 
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walking? 3) Do you worry about falling? If the answers to any of these questions is “yes”, the persons 
are considered at increased risk of falling, and further assessment is recommended (Bergen et al., 2016)

If possible, family members should participate in some of the initial screening to give additional 
important information that the individual may have dismiss or downplayed. Questions about the envi-
ronment and its hazards should also be included, like rugs, high clutter areas, electrical cords, steps, 
poor lighting, stairways, slippery surfaces, etc. The initial assessment should always include a specific 
screening of the ability to perform basic activities of daily living (Cuevas-trisan, 2019).

1.3. Common Subjective Assessments

WHOQOL-100: The WHOQOL (World Health Organization Quality of Life) instrument assesses quality 
of life in a variety of situations and population groups. The WHOQOL-100 has 100 questions to assess 
important aspects of quality of life, which is defined by the organization as an individual’s perception 
of their position in life in the relation to their culture and value systems and in relation to their goals, 
expectations, standards and concerns. It is a broad ranging concept affected in a complex way by the 
person’s physical health, psychological state, personal beliefs, social relationships and their relationship 
to salient features of their environment. The questions about quality of life were drafted on the basis 
of statements made by patients with a range of diseases, health professionals, and by healthy people as 
well, in a vast variety of countries and cultures (WHO, 2012).

WHOQOL-Bref: WHOQOL-BREF is an abbreviated generic Quality of Life Scale which were 
developed through the World Health Organization. It is an abbreviated version of WHOQOL-100, and 
it is composed by 26 questions (WHO, 2012).

Charlson comorbity index: The CCI is a predicting mortality index which classifies/weights co-
morbid conditions and has been widely utilized by health researchers to measure burden of disease. It 
has an index based on 17 comorbid conditions that has been shown to predict mortality (1 to 10 years) 
(Charlson, Szatrowski, Peterson, & Gold, 1994). A recent study aimed to update the index with 12 new 
comorbidities showed adequate discrimination in predicting and classifying comorbidities and included 
data from six countries (Quan et al., 2011).

The Vulnerable elders-13 Survey (VES-13): is a 13-item function-based tool designed to screen older 
patients at risk for health deterioration, with a higher overall score indicating greater vulnerability and 
decreased function (Arora et al., 2007; Min et al., 2009).

EuroQol (EQ-5D): It is a health-related quality of life measuring instrument that allows to generate 
an index of an individual general health state. Based on a classification system, it describes health in 
five dimensions: mobility, personal care, usual activities, pain/malaise, and anxiety/depression. Each 
dimension has three levels of severity corresponding to the following: level 1 – no problems; Level 2- 
some problems; and Level 3- extreme problems, experienced, lived or felt by the individual (EuroQol 
Group, 1990).

SF-36: It is a 36-Item Short Form Health Survey, a set of generic and easily administered quality-
of-life questionnaire. It is a patient self-reporting and are widely utilized for routine monitoring and 
assessment of care outcomes in adult patients (Ware & Sherbourne, 1992).

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



186

Health and Fall Risk Monitoring Within Common Assessments
 

2. SPECIFIC PHYSICAL (AND FITNESS) ASSESSMENT

Definition and Characterization

The most common cause of falls and increased fall risk, frequently leading to injury and disability, are 
gait and balance disorders (Salzman, 2011). Balance is defined as an even distribution of weight enabling 
someone or something to remain upright and steady, gait refers to locomotion and human locomotion/
gait is defined as bipedal, biphasic forward propulsion of the center of gravity. Gait and balance are 
composed by interaction of physiological and cognitive elements, that should allow a precise and fast 
response to perturbation (fall risk), avoiding any risk at the very moment (i.e., reaction time). Gait and 
balance disorders are usually complex and multifactorial, and include among others, – medical conditions, 
pain, fear of falling and cognitive disorders, and it requires a very comprehensive and extensive assess-
ment to determine the factors involved in order to make possible target interventions. The prevalence of 
gait and balance disorders increases with age and is higher in institutionalized elderly (Cuevas-trisan, 
2019; Salzman, 2011).

Common Assessments

8-foot-up-and-go-test: It measures power, speed, agility and dynamic balance. The test involves getting 
out of a chair, walking 8 feet towards and around a cone, and returning to the chair in the shortest time 
possible (Rikli & Jones, 2013b).

Timed-up-and-go test: Almost the same as the test above. It starts in a seated position, stands up upon 
command, walks 3 meters, turns around, walks back to the chair and sits down. The time stops when 
the person is seated. The use of an assistive device is allowed, but it must be documented (Podsiadlo & 
Richardson, 1991).

Short physical performance battery: This battery includes balance, gait and chair stand tests, with 
possible scores range between 0 to 12 points (4 maximum points for each test), and where 0 to 3 points 
means incapable, 4 to 6 points indicates poor performance, 7 to 9 points moderate performance and 10 
to 12 good performance (Guralnik et al., 1994).

Balance test: i) Side-by-Side Stand: The participant is instructed to remain still with parallel feet for 
10 seconds without moving the feet with a score between 0 and 1; ii) Semi-Tandem Stand: With the heel 
of one foot placed next to the hallux of the other foot, needing to reach the pre-set time of 10 seconds. 
Thus, 1 point if it is done, if not, 0 points; iii) Tandem Stand: to stand with one foot in front of the other 
for 10 seconds.

Gait and speed test: This walking speed test has two variations, one that includes walking a 3-meter 
course and registering the time taken to do it, and another one, that uses a 4-meter course. The partici-
pants can do two attempts and the shortest time is the one written down.

Chair stand test: Participants are instructed to cross their arms across the chest and get up from the 
chair and sit down for 5 consecutive times as quickly as possible but remaining standing at the end of 
the 5th round. The total time is registered.

Sarcopenia Assessment: Sarcopenia is defined as a generalized and progressive loss of skeletal 
muscle mass and strength, and is a risk factor for physical disability, poor quality of life, and even 
death. Its diagnostic criteria can differ depending on different studies, however, all of them include a 
body composition evaluation (DEXA. Bioimpedance, skin folds, hydrostatic weight) and strength and/
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or physical tests (lower and upper body strength, 1Maximum Repetition, walking test, TUG, etc.). With 
a prevalence of around 1/3 in those older than 60 years of age and still increasing as the percentage of 
the very old continues to grow (Cruz-Jentoft et al., 2010) it runs along frailty, being one of the frailty 
criteria that in its initial phase can still be reversed. The fight against sarcopenia in older adults can 
potentially stop or at least slow down the progressive risk of falls, disability and physical dependency 
(Delmonico et al., 2007).

Frailty Assessment: The identification of the frailty phenotype is made by assessing five dimensions: 
1) Changes in body composition - self-reported loss of four pounds or more of body mass in the last 
year; 2) Exhaustion and / or low stress resistance (verified through the Fatigue Impact Scale); 3) Physi-
cal activity level (quantification of daily and weekly expenditure (five days) through accelerometers or 
the use of the IPAQ); 4) Slow walking (time taken to travel a distance of 4.6 m at comfortable speed, 
adjusted for height and gender); 5.) Weakness / Muscle strength (hand-held dynamometer grip test, 
adjusted for gender and body mass index (BMI)) (Bieniek, Wilczyński, & Szewieczek, 2016; Fried et 
al., 2001; Macklai, Spagnoli, Junod, & Santos-eggimann, 2013).

Katz Index - The Katz index of independence in activities of daily living (ADL) is an instrument to 
assess functional status as a measurement of the older person’s ability to independently perform daily 
life activities. The Katz index assess the adequacy of people’s performance in six specific functions 
(bathing, dressing, toileting, transferring, continence, and feeding). There are yes/no questions for inde-
pendence in each of these six categories. A maximum score (5 to 6) indicates full function, a score of 
3 to 4 indicates moderate impairment, and 2 or less indicates severe functional impairment (Buurman, 
Van Munster, Korevaar, De Haan, & De Rooij, 2011; Katz, Downs, Cash, & Grotz, 1970)

The Lawton-Brody instrumental activities of daily life: is an 8-item tool designed to evaluate func-
tioning, where a higher summary score represents greater levels of Independence (Chong, 1995; Lawton 
& Brody, 1969)

Strength Assessment: The Center of Disease Control and Prevention of United States recommends 
using TUG, the 30-s chair stand, and the 4-stage balance test to identify people with gait/strength/bal-
ance disturbances (Department of Health and Human Services, 2015). Also, there are specific tests for 
upper and lower body strength, namely:

Lower Body Strength Test: ”30second’s chair-and-stand-test” (CST): which consists of calculating 
the total number of times the subject can sit and get up from the chair, with arms crossed at chest height, 
completed in 30 seconds (Rikli & Jones, 2013b).

Upper Body Strength Test: hand-held dynamometer grip test: It is designed to replicate the grip 
strength, using a dynamometer which measures grip strength in kilograms and/or pounds. The test 
requires to squeeze the dynamometer with maximal effort (as hard as possible). Keep squeezing for at 
3 to 5 seconds. It should be done 2 to 3 attempts, recording the best one (Macklai et al., 2013), 2013). 
“30 seconds Arm-curl test” (ACT) that measures the total number of arm curls executed in the 30-s.

Senior functional battery - The Senior Fitness Test battery includes the following tests: 1) lower 
body strength test, determined with the “30 second’s chair-and-stand test” (CST); 2) the upper-body 
strength test, determined with the “30 seconds Arm-curl test” (ACT); 3) aerobic test, determined with 
the “2-minute step test”(2ST); 4) lower- body flexibility, with the “chair sit-and-reach test” (CSR) and; 
5) upper-body flexibility, determined with the “back scratch test (BST)”. For the above mentioned each 
test, there is cut-off values adjusted for sex and age, which is analyzed as continuous variables (Rikli 
& Jones, 2013a).
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Complementary Information:

“2-minute step test” (2ST) that measures the number of full steps completed in 2 min, raising each knee 
to a point midway between the patella (kneecap) and iliac crest (top hip bone). Score is the number of 
times the right knee reaches the required height

“chair sit-and-reach test” (CSR) measures the maximum reach as forward as possible toward or past 
the toes.

“back scratch test (BST)” that measures the distance of overlap or between the tips of the middle 
fingers of the back

3. COGNITIVE & PSYCHOLOGICAL ASSESSMENT

Definition and Characterization

Cognitive functions influence almost every factor related to falls (gait, balance, strength, depression, 
quality of life, activities of daily living, etc), and besides the diagnosis, a cognitive impairment is always 
a risk factor (Kearney, Harwood, Gladman, Lincoln, & Masud, 2013). Some studies showed that an 
increase in cognitive impairment increased the prevalence of falls in older adults when compared with 
their cognitively intact peers (Booth, Harwood, Hood, Masud, & Logan, 2016). The population diagnosed 
with mild cognitive impairment (MCI) is at a higher risk for a significant number of comorbidities, 
including functional decline, and consequently, falls, which in turn will also contribute to cognitive and 
functional decline through hospitalization, lower confidence, deconditioning from injuries and reduced 
activity level, starting a cyclic problem.

In this scenario, cognitive assessment is a very strong tool to anticipate the risk, and try to minimize, 
or even stop its development at an early stage. However, there is no clear guidance on how to respond to 
these individuals needs because recommendations are not clear and documented yet (National Institute 
for Health and Care Excellence, 2013).

In the same situation, psychological disorders, can contribute to increase sedentarism, once the el-
derly are more susceptible to depression. And psychological assessment can help understanding, also 
intervene in problems such as loneliness, isolation, dementia and depression. As well, can help in the 
design and implementation of health management and monitoring systems to prevent and treat pain and 
diseases (OPP, 2015).

Common Assessments

Mini mental state examination (MMSE)- The mini mental state examination (MMSE) was designed to 
assess five areas of cognition: orientation, immediate recall, attention and calculation, delayed recall and 
language. The maximum possible score is 30 points. Scores below 24 points are considered abnormal 
and used for dementia and MCI screening (de Melo & Barbosa, 2015). It usually classifies participants 
by cognitive profile as a category variable, following the criteria: (a) severe cognitive impairment (01 
to 09 points), (b) moderate cognitive impairment (10 to 18 points); (c) Mild Cognitive Impairment (19 
to 24 points); (d) normal cognitive profile (25 to 30 points). The MSSE also showed to be sensitive to 
the effects of exercise in an older population (Folstein, Folstein, & McHugh, 1975).

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



189

Health and Fall Risk Monitoring Within Common Assessments
 

Hopkins verbal fluency test - The Hopkins verbal learning task (HVLT) is one of the most commonly 
used memory tests in older adults. It is used to assess verbal episodic memory, including immediate 
memory (Folstein et al., 1975). It is a 4-min test, easy to administer, to score, and is well tolerate even 
by significantly impaired individuals. This test requires recall of a series of 12 words (nouns) from 3 
semantic categories (precious stones, animals, and human dwellings) over 3 learning trials (De Jager, 
Hogervorst, Combrinck, & Budge, 2003). Scores between 15.5 and 24.5 on this test indicate a risk of 
dementia or MCI (Dellagi et al., 2019; Rieu, Bachoud-Lévi, Laurent, Jurion, & Dalla Barba, 2006).

Montreal cognitive assessment (MoCA) - The MoCA is a cognitive screening test designed to as-
sist Health Professionals in the detection of mild cognitive impairment (MCI). This tool was designed 
to assess short term memory, visuospatial abilities, executive functions, attention, concentration and 
working memory, language, and orientation to time and place. MoCa has a 0 to 30 possible points scale, 
and has the ability to assess several cognitive domains, that have and has been proved to be a useful 
tool for screening many illnesses, such as: Alzheimer’s, Parkinson’s and Huntington’s disease, Stroke, 
Fronto-temporal dementia, Brain metastasis, Sleep behavior disorder, multiple sclerosis, head trauma, 
depression, schizophrenia, heart failure, substance abuse, etc (Charbonneau, Whitehead, & Collin, 2005).

Rosenberg Self Esteem Scale – It is a 10-item scale which measures global self-worth by measuring 
feelings (positives and negatives). All items are answered using a 4-point Likert scale which range from 
“strongly agree” to “strongly disagree”. To the items 1, 2, 4, 6, and 7, a reverse value of scores is done. 
The global self-esteem is represented by the sum of all scores and gives results between 10 and 40 points, 
where higher values represent higher levels of global self-esteem (Rosenberg, 1965).

Perceived Stress Scale - The perceived stress scale (PSS) is a 14-item scale that assesses the percep-
tion of stressful experiences by asking the participant to rate the frequency of feelings and thoughts 
related to events and situations that occurred over the previous month. 7 out of the 14 items of PSS-14 
are negative and the remaining 7 are positive, representing perceived helplessness and self-efficacy, 
respectively (Trigo, Canudo, Branco, & Silva, 2019). For items 4, 5, 6, 7, 9, 10, and 13, a reversal of the 
scores is done. Final scores vary from 14 to 70 points. A higher score indicates greater stress (Remor 
Bitencourt, 2006).

Falls Efficacy Scale - The falls efficacy scale (FES) contains questions about the possibility of fall-
ing during the performance of 10 daily activities (Tinetti, Richman, & Powell, 1990). The trust that the 
elders have to perform the activities without falling is represented on a 10 points scale ranging from 
“No confidence” (1 point) to “Completely confident” (10 points). The score of the FES is the sum of 
the scores obtained in each of the 10 items. The minimum score possible is 10 and the maximum is 100 
(Morgan, Friscia, Whitney, Furman, & Sparto, 2013).

Hospital Anxiety and Depression Scale (hads) – It is a 14-item questionnaire designed to assess 
anxiety and depression, 7 of the items relate to anxiety and 7 relate to depression. Items are rated on a 
4-point severity scale. The HADS produces 2 scales, one for anxiety and one for depression. Scores of 
greater than or equal to 11 on either scale indicate a definitive case (Snaith & Zigmond, 1983)

Geriatric Depression Scale (GDS)- It is a “yes” or “no” questionnaire. Simple enough to ensure that 
the scale can be used in cognitively impaired individuals, for whom a more complex set of answers may 
be confusing or lead to inaccurate recording of responses. A point is assigned to each answer and its 
cumulative score is ranked on a scoring grid. The scoring grid sets the results as 0-9 as “normal”, 10-19 
as “mildly depressed”, and 20-30 as “severely depressed” (Yesavage et al., 1982).
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Geriatric Depression Scale (GDS) short version- GDS-15, consisting of 15 direct questions with yes 
or no answers, considers that with 5 or more points, we are in the presence of mild depressive symptoms 
and above 11 in the presence of severe depressive symptoms (Yesavage et al., 1982).

Bradburn Scale of Psychological Well-Being: assesses happiness, where a higher score indicates 
greater psychological well-being (MCDOWELL & PRAUGHT, 1982; Mechanic & Bradburn, 1970).

Satisfaction with life: The satisfaction with life scale (SWLS) is a short five-item instrument designed 
to measure global cognitive judgments of satisfaction with one’s life. The scale requires around 2 min 
to be completed by the participants. It uses a seven-point Likert scale, which indicates the participant’s 
level of agreement with each item by choosing the appropriate number on the line regarding that item. 
Results range between 1 and 35 points, with higher values representing higher levels of life’s satisfaction 
(Parker, Strath, & Swartz, 2008).

4. PHARMACOLOGICAL ASSESSMENT

Definition and Characterization

Some specific classes of medication, especially those affecting central nervous systems (benzodiazepines, 
diuretics, vasodilators, opioids, muscle relaxants, beta blockers, tricyclic antidepressants, sleeps aids, and 
other drugs which cause sedation and delirium), and the use of 4 or more medication need to be observed 
with caution because of the side effects that these could have, altering elderly’s reaction time, memory, 
brain perfusion, gait, balance, and influencing the risk of fall (Leipzig, Cumming, & Tinetti, 1999).

Its al so recognized that using many medications can generate some iatrogenic problems (from side 
effects of drugs interactions). Antiplatelet agents and anticoagulants, for example, are common medica-
tion in the elderly because of associated cardiovascular ailments, which add another layer of complexity, 
potentially making falls catastrophic (Cuevas-trisan, 2019). Some common side effects include hypotension 
and dizziness, all associated with falls. In a study, tapering and discontinuation of psychotropic medica-
tions (benzodiazepines, neuroleptic agents, antidepressants) over a 14-week period was associated with 
a reduction around 39% in the rate of falling (Campbell, Robertson, Gardner, Norton, & Buchner, 1999)

The control and managing medication side effects with other medications, was a common response 
in clinical setting, but rarely justified and, a new concept is taking place, the concept of medication 
reconciliation, which is the reviewing process of all medication prescribed by all physicians, and after 
a review, the professionals should always consider replace or discontinuing some original medication 
before adding another to treat undesirable side effects (Musich, Wang, Ruiz, Hawkins, & Wicker, 2017). 
The concept of medication reconciliation has become standard of practice, and successful components 
of these interventions include review and reduction (in possible) of medications (Cuevas-trisan, 2019; 
Musich et al., 2017).
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5. FALL RISK SPECIFIC ASSESSMENT

Definition and Characterization

Health Professionals are often unaware of the many existing scales specifically for identifying fall risk 
and are uncertain about how to select an appropriate one. Nowadays there are more than 30 fall risk as-
sessments were some focus on institutionalized, and others are more functional assessment scales. The 
majority of the scales were developed for elderly populations, characteristics assessed are quite similar 
across them, and sensitivity can varied from 38% to 100% (Perell et al., 2001). Therefore, a substantial 
number of fall risk assessment tools are readily available and assess similar patient characteristics. Al-
though their diagnostic accuracy and overall usefulness showed wide variability, there are several scales 
that can be used with confidence as part of an effective fall prevention program.

FRAT - Fall Risk Assessment Tool: It is a 4-item falls-risk screening tool for sub-acute and residential 
care. It has three sections: i) falls risk status; ii) – risk factor checklist; iii) action plan. These 3 parts are 
a complete falls risk assessment tool. However, section 1 can be used as a falls risk screen (Stapleton et 
al., 2009), which also includes the Abreviated Mental Test Score (Hodkinson, 1972).

Posturography Plataform PhysioSensing – Fall Risk Test - This fall risk test allows the identification 
of potential fall candidates. The protocol assesses static balance under four conditions, each lasting 40 
seconds: 1. comfortable posture with eyes open; 2. Comfortable posture with eyes closed; 3. Narrow 
posture with eyes open; 4. Narrow posture with eyes closed (Bigelow KE and Berme N. 2011) (Pajala, 
S. et al. 2008). After performing all protocol conditions, the value of the oscillation speed index for each 
of the conditions appears.

The Hendrich II Fall Risk Model: It determines the risk of falling based on sex, mental and emotional 
status, (possible) symptoms of dizziness, and by the categories of medications taking that could increase 
risk. This tool screens for fall risk and is integral in a post-fall assessment for the secondary prevention 
of falls (Hendrich, Bender, & Nyhuis, 2003).

6. COMPLEMENTARY ASSESSMENT

Environmental Assessment (and modifications) -An effective prevent falls program should include 
some environmental assessment, and some modification if necessary. However, the experience of the 
professional who is performing the assessment and proposing some recommendations are a very important 
factor, so this professional should be well trained and prepared. The common recommendation includes 
removal of rugs, the use of non slip bath mats, lightning at night, safer footwear, and to add stair rails. 
(Tinetti, 2003). Although nonspecific advice about this changes in home hazards are directly targeted, an 
assessment and a follow up by a an occupational therapist is the most recommended, and these changes 
was associated with a 20% reduction in fall risk (Gillespie et al., 2012; Sherrington et al., 2017). Some 
scientific evidence supports the idea of environmental modification being beneficial in individuals in 
risk, mainly in those with history of falls. And the public environmental should be adapted as well. The 
NICE guidelines (National Institute for Health and Care Excellence, 2013) recommend modifications 
such as “age-friendly” transportation to help older people in daily life, and these kind of modification 
and the implementation of a fall prevention program can reduce fall, and fall-related injury by 20 to 40% 
in community dwelling people, and are cost effective.
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Visual Assessment - Visual impairment is recognized to be an important risk factor, but it is not well 
studied. Vision impairments increase as we age, and sometimes it is overlooked because the process of 
decreasing vision is often slow and may even be unnoticeable (Cuevas-trisan, 2019). A glaucoma for 
example, is associated with fear of falling, which contributes to a decrease in mobility (Zhang, Shuai, 
& Li, 2015). Therefore, improving vision can have some advantages. A review also showed that a cata-
ract surgery can reduce the rate of falls(Gillespie et al., 2012). However, it should be made with extra 
attention because some studies showed that these kind of interventions could increase the rate of falls 
because with an improved vision leads to a behavior changes, and increase the elderly’s exposure to fall 
risk situation (Grue, Kirkevold, Mowinchel, & Ranhoff, 2009). Also, a combinations of intervention can 
be more effective than a visual intervention alone, so a combined interventions (eg, exercise and vision) 
is more effective in preventing falls in older people (Zhang et al., 2015).

Hypotension, Cardiac Pacing, rhythm and frequency – A health evaluation is only complete 
when obtaining vital signs, and when it is assessed appropriately, postural hypotension is identified in 
almost 1/3 of older people, besides some of elderly do not report dizziness, or some other symptoms 
related. Elderly usually have some cardiovascular issue, such as arrhythmias which can lead to falls, 
also a special attention should be taken around orthostatic hypotension and hearing problems, which 
can lead to syncope. A review article showed that people with carotid sinus hypersensitivity who had 
pacemakers had the rate of falls reduced (Gillespie et al., 2012). Therefore, a use of pacemaker must be 
considered when falls are associated with condition that make changes in heart rate and blood pressure 
(Booth et al., 2016).

Pain: Persistent pain, reduced mobility and function, and reduced general quality of life are some 
common experiences associated with musculoskeletal conditions in the ageing process. However, 
musculoskeletal pain usually limited the people’s ability to make lifestyle changes to be more active. A 
strong relationship exists between painful musculoskeletal conditions and a reduced capacity to engage 
in physical activity, and it can result and/or generate frailty, functional decline, independence loss, and 
increased fall risk. In a group of community-dwelling adults (388 years), joint pain was reported as the 
most common contributor to gait problems (Bloem et al., 1992), showing the importance of pain in the 
fall risk. However, pain still being a very hard to assess, control, and reduce, being necessary a multi 
professional approach.

Posture – Posture, mainly the body’s center of gravity, related to changes in neck limited extension, 
shift significantly in older people, contributing to postural imbalance, and limited field of vision, col-
laborating to increase the risk of fall. Therefore, the postural evaluation, e correction e strengthening 
can reduce the risk and incidence of falls in older people (Cuevas-trisan, 2019).

Proprioception – Neurologic exams to detect or identify deficits such as weakness and possible 
sensory problems, mainly in proprioception should be included whenever possible because it is capable 
to show some specifically and treatable problems which can cause balance impairments. One sensitive 
marker of abnormal proprioception is the decrease in vibration sense, as well the worse balance problems 
with closed eyes (Tinetti, 2003). The evaluator should always include tone and coordination assessments 
to have a better conclusion.

Osteoporosis (Risk) – The prevalence of osteoporosis is higher in those who fall, and it is very com-
mon is elderly, and worst in those with sarcopenia (Gillespie et al., 2012). The STEADI and NICE guide-
lines recommend giving calcium and vitamin D supplements to all, besides their risk of fall, but taking 
extra attention, and performing some exams to evaluate bones and muscles to determine more specific 
recommendation and proceeding to a more specific treatment (Jang et al., 2016; Kearney et al., 2013)
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7. FINAL CONSIDERATIONS

Falls and their associated injuries are we could see are common in the elderly and usually result from 
multiple factors interactions, and many of them may be modifiable or, at least, more adequate. In this 
scenario, the knowledge of the existent tools to assess the different levels and factors associate with fall 
risk is mandatory and can play a critical role in reducing fall risk factors among the older population.

Additionally, most guidelines recommend at least an annual general screening with an objective to 
identify people at increased risk, targeting to understand the risk and trying to manage/modify the fall 
risk factors identified. Also, understand the perspective of the older adults, and their involvement (or 
not) in some prevention activities can be critical to have success.

Falls Prevention Educational Programs as The NICE guidelines (National Institute for Health and 
Care Excellence, 2013) also recommend to talk about falls, and increase the knowledge of older people 
to enhance their “fall awareness”. In the same way, the STEADI (Bergen et al., 2016) and ProFound 
group (ProFound, 2015) developed and disseminate best practices in fall prevention, producing even 
documents to influence policy, and trying to reach all sectors – NGOs, commercial sector, and the general 
public as well. However, these educational programs alone showed to not been able to decrease the rate 
of falls in older adults significantly.

Therefore, as fall risk is multidimensional, and has multiple cause, an equal multiple intervention, 
with a multidisciplinary staff, and multiple screening tool is needed to address it in the best way.
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KEY TERMS AND DEFINITIONS

Cognitive Assessment: A specific kind of evaluation focusing on a general or specific component 
of cognition.

Environmental Assessment: The kind of tool designed to evaluate information from de environment 
in some specific, or general component.

Fall Risk Assessment: A group of specific tools used to verify the risk of fall in specific population 
and/or groups.

Health Assessment: A group of tools used scientifically to assess health parameters.
Pharmacological Assessment: A kind tool to access pharmacological information from an specific 

person or group.
Physical Assessment: A specific kind of evaluation focusing on physical and/or fitness level in a 

general or specific component.
Psychological Assessment: A group of tools designed to specifically assess psychological background.
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ABSTRACT

The purpose of this chapter is to give a perspective of patient safety culture by users of public health 
units through a qualitative analysis of open questions asked. The sample consists of 241 patients from 
the health region of Algarve. The open questions were the object of content analysis in thematic and 
categorical form, followed by lexical treatment using the Iramuteq software. From the patients’ point of 
view, the evolution of patient safety is the result of an understanding of the meaning of the highlighted 
terms (safety, health, meaning), as well as of the intervention and improvement in these categories. It is 
known with these associations that for the patient, patient safety involves the existence of professionals 
for each individual (personal) and the existence of a receptive and empathic nature on the part of the 
professionals (human), as well as the need to demystify care for the understanding of patients (techni-
cian/knowledge) and the provision of care completely focused on the patient (attention).
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INTRODUCTION

The provision of healthcare is liable to include events with serious consequences for patients, profes-
sionals, institutions, and society in general. These are reflected in the quality of life of patients, loss 
of confidence in healthcare organizations and professionals, dissatisfaction and demoralization of the 
professionals involved, the increase of social and economic costs, cases of dispute and in reducing the 
possibility of reaching the expected results (NPSA, 2004). The concern with the issue of Patient Safety 
(PS) by various governments of different latitudes and international organizations is growing due to the 
high number of incidents reported by citizens, without the equivalent notice by the health professionals 
involved.

The negative impact resulting from healthcare incidents is a reality for the affected patient, but it 
must be seen as a problem to be solved by all the actors involved. The need for a paradigm shift in the 
health professional-patient relationship has been reinforced by the increase in the available information 
that the patient has about his health condition (Busch, Saxena, & Wu, 2020). In the past, he placed all 
confidence in health professionals without judging the consequences of his intervention in the provision 
of healthcare. From the moment that the patient accesses the information not only about the disease but, 
and above all about the possibilities of available treatments and the respective results expected from them, 
his ability to “confront” professionals about possible incidents resulting from the provision of care is 
much higher than what happened in the past, which is not always welcomed on the part of professionals 
(Etchegaray, Ottosen, Dancsak, & Thomas, 2017).

This should not be the major reason that moves us to contribute to a paradigm shift concerning pa-
tient safety, but rather the overriding interest in the preservation of human life, thus guaranteeing the 
fundamental principles that the constitutions of civilized countries safeguard regardless of economic 
issues. The costs associated with healthcare incidents cannot be neglected not only for the patient but 
for the entire health care system. The use of Accreditation Systems by health institutions is a current 
and growing practice, however, it is necessary to carry out processes involving all stakeholders (patients, 
health professionals, the community, and politicians).

The patient as the central figure must play an active role, by facilitating communication channels in 
health care institutions with professionals at different levels of the organization. The complementary 
role of this information with the one provided by health professionals would enable the establishment 
of an ecologically balanced patient safety system.

In the quality of health care, patient safety has been highlighted in recent years, due to the need for 
patients and family members to feel safe and confident about health care, as well as professionals who 
want to provide safe, effective, and efficient care (Fragata, 2011). The WHO also recommends that the 
change in behaviours and attitudes comes from the culture of security established within the organization. 
This is the result of individual and group values, attitudes, perceptions, skills and behavioural patterns 
that determine the commitment to safety. To identify areas for improvement and introduce changes in 
the behaviour of professionals, it is necessary to assess and monitor the organization’s safety culture for 
continuous improvement (WHO, 2009).

Although in recent decades, health policy in Portugal has evolved significantly, it requires an assess-
ment of the effectiveness and status of the implementation of its strategies. The small number of studies 
in this area in Portugal and especially in the Algarve Region (RAlg) associated with an integrated and 
global perspective of safety, was the determining assumption for carrying out this work. The subject of 
patient safety, which is currently relevant, is an unavoidable and priority issue in the management of 
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health organizations and the provision of healthcare. That said, this chapter intends to give a perspective 
on the culture of patient safety by users of the RAlg public health units through a qualitative analysis 
regarding open questions asked to users/patients.

It is important to mention that this is part of a broader study that had as its general objectives: To 
know the determining factors of favourable environments for the practice of patient safety in public sec-
tor health organizations in the Algarve Region - Portugal from the perspective of the Patient and Health 
Professionals; Contribute to the improvement of the intervention model in hospital health organizations 
and health centres, namely in terms of active measures in the dimensions of patient safety (policies and 
programs, incident notification systems, patient involvement, education and training and others). The 
study in question had as starting point the considerations already identified, and the absence of informa-
tion and empirical studies on the subject, especially the one related to the safety culture of users, with 
these assumptions it was outlined with a descriptive approach, supported in a theoretical-methodological 
orientation of multidimensional and prospective analysis of patient safety in the organizational system of 
hospitals and health centres of RAlg-Pt. From the methodological point of view, guidelines for studies 
of organizational diagnosis were used. Health sciences theories and concepts on patient safety, such as 
clinical governance and risk management in health services, were also convened. In a second phase, the 
study consisted of the design and construction of the questionnaire, and validation for health profession-
als and another for users/patients, subsequently applied in all public health organizations in the Algarve 
on patient safety for the patient, for illustration the situation and the state of development of the subject 
of patient safety (Ribeiro, 2018).

METHODOLOGY

As already mentioned in this chapter, it is intended to make known part of the results of the broader 
study, which consisted in development and validation of measurement instruments that would allow a 
“Multidimensional approach to patient safety in public sector health institutions in the region of Algarve-
Portugal”, for this purpose versions were developed for patients and health professionals (Ribeiro, 2018). 
It was a quantitative study, located in the cross-sectional descriptive-correlational category (Fortin, 2003) 
and qualitative since content analysis procedures were carried out according to the categorical thematic 
technique, plus the lexical analysis of the corpus using the Iramuteq software. This is the part of the 
study that we will present in this chapter.

Authorization was requested to and granted by the administration of the Centro Hospitalar do Algarve 
and the Regional Health Administration of the Algarve, following a favourable opinion from the Ethics 
Committee. All procedures respected the ethical principles established by the Declaration of Helsinki 
(1964), following the last revision of 2008. Before the delivery of each questionnaire, users filled out 
a free and informed consent form, it was read and understood by each participant, and any doubt was 
promptly clarified.

The study population consists of users of public health institutions in the Algarve region, Centro 
Hospitalar Universitário do Algarve (Faro, Portimão and Lagos units) and Regional Health Administra-
tion (ARS) of the Algarve, I.P.

The study’s sample comprises two hundred and forty-one patients who agreed to participate in the 
study. It was obtained in a proportional stratified random way by source relative to the hospital environ-
ment and health centres. Sixty-five per cent (65.1%) of the questionnaires were from hospital users and 
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thirty-four per cent (34.9%) of health centres. The patients included in the sample have an overall average 
age of about 51.19 years, with users of health centres having an average age of 45.76 years and hospital 
users an average of 54.06 years. As for gender, 70.1% of respondents are women, 71.3% separately in 
the hospital and 67.97% in health centres, since the average age is high, it was observed that 23.7% have 
the first schooling cycle. Only 16.1% of all patients have a higher education, of which 20.3% belong 
to health centres and 14% belong to the hospital. Study participants are resident in Portugal, 44% are 
employed and 26.6% are retired.

The measurement instrument used in this study was the questionnaire “Multidimensional approach 
to patient safety in public sector health institutions in the Algarve-Portugal region” version for patients. 
The questionnaire used is the result of a process of elaboration and validation based on the theoretical 
frameworks of WHO for Patient Safety and other authors who dedicated themselves to the development 
of instruments for the evaluation of user/patient safety (WHO, 2007; Agency for Healthcare Research 
And Quality 2008; Ministry of Health Policy and Research, 2010). A pre-test was carried out on an 
intentional sample of methodological experts, on patients, to assess the facial validity and content of 
the questions. The questionnaire “is a measurement instrument that translates the objectives of a study 
with measurable variables. It helps to organize, normalize and control the data, in such a way that the 
information sought can be collected in a rigorous manner”, while still allowing good control of the 
biases (Fortin, 2003).

The questionnaire is self-administered, and consists of parts A and B. Part A has 8 questions, in which 
questions 1 (Perception in relation to the management and organization of the health unit), 2 (Experience 
during the stay in the unit) and 5 (Experience in relation to the adverse event that you reported), are 
presented in the form of a Likert Scale from 1 to 10, where 1 means “disagree” and 10 “totally agree”, 9 
for P1, 11 for P2 and 6 for P5, respectively. Questions 4 and 5 are only answered by users who answered 
yes to question 3, which has a dichotomous answer (yes or no). Otherwise, it will go directly to question 
6. Question 4 is composed of 6 sub-questions of dichotomous answer (yes or no). Question 6 concerns 
the feeling of security they have regarding the health care provided in their health unit on a scale of 1 
to 7, in which they are very insecure (1) and very safe (7). Questions 7 and 8 are open-ended questions 
that will be studied in this chapter. Part B of the questionnaire consists of the sociodemographic char-
acterization that contains: gender, age, marital status, geographic area of   residence, whether you live in 
Portugal or abroad, educational level and professional status (Annex 1).

In this study, the face, content, and construct validity were performed (Polit & Beck, 2006; Kimberlin 
& Winterstein, 2008; Hertzog, 2008; Muhlenbock & Kokkinakis, 2009).

The data was collected from November 2016 to July 2017. A previous meeting was scheduled with 
those responsible for the services in the area of patient safety. In this meeting, the days and hours of data 
collection from users/patients were planned. The morning shift was selected for the administration of the 
questionnaires in the health centres and the CHUA E.P.E. The questionnaires were distributed on paper 
and by hand. Respondents completed the questionnaire using a self-administered technique (Streiner & 
Norman, 2015). It took about 20 minutes to be completed by respondents depending on the respondents’ 
literacy level. The questionnaire was distributed to respondents and collected after completion.

For the analysis of qualitative data regarding the open questions of the questionnaires (“P7. In your 
opinion, what does patient/patient/user safety mean in a health unit?” and “P8. Do you want to give 
any suggestions at the individual level that contribute to the improvement of the safety of the patient/
patient/user in the health unit?”) content analysis procedures were carried out according to the categori-
cal thematic technique, plus the lexical analysis of the corpus with computer support from Iramuteq.
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Iramuteq is an open-source computer application that allowed the identification of the relevance of the 
lexicons of each thematic area of   the corpus, thus complementing, on the one hand, the clarifications of 
meaning expressed in the quantitative results referring to the factor profiles extracted in the exploratory 
and confirmatory, and, on the other hand, allowed to disclose the main groupings of suggestions to be 
taken into account in a process of improving patient safety conditions in a health unit.

The following are the main features of the Iramuteq software:

• Iramuteq: R interface for all Multidimensional Analyzes by Textes and by Questionnaires
• free software (open source): developed in R (http://www.r-project.org) and the Python language 

(http://www.python.org), and is licensed in the form of open-source GNU GPL (v2)
• authorship: Pierre Ratinaud of Laboratoire d’Études et de Recherches Appliquées en Sciences 

Sociales, Toulouse-France
• access: download of the application for installation and tutorial in Portuguese are available on the 

internet at http://www.iramuteq.org/

For the lexicometric procedure of the corpus through Iramuteq, the procedures suggested by Camargo 
& Justo (2013) were taken:

• organization of the corpus in a * .txt file with variables and modalities.
• treatment of the corpus:

a.  a.The. construction of the dictionary of text segments;
b.  b. preparation of significant text units in Initial Context Units (UCI) and Elementary Context 

Units (UCE);
c.  initial extraction of the Zipf law diagram

i.  according to Zipf’s law, formulated by George Kingsley Zipf, it is possible to predict that 
in a given text corpus the frequency of occurrence f (n) of a word is somehow linked to 
its order n in the order of frequencies as follows: f (n) = k / n, where k is a constant.

d.  creation of the stemming table (automatic motto creation process);
e.  calculation of classic textual statistics, through word frequencies, with graphic representation 

in word cloud;
f.  similitude analysis (association) between words, with a graphic representation of co-occurrences 

between words;
g.  descending hierarchical classification (CHD) of groupings of text segments, according to the 

calculation of distance matrices according to Reinert’s method:
i.  Reinert’s method: procedure for grouping or creating classes in an approximate way to 

ALCESTE (Analyze Lexicale par Contexte d’un Ensemble de Segment de Texte), or 
“Lexical Contextual Analysis of a Set of Text Segments”;

ii.  Description and chi-square measurements (χ2) of the text segment classes;
iii.  Projection of classes in factorial plans.

h.  extraction of the specificities of the most significant text segments.

It should also be added that for the purposes of organizing and codifying the themes of the corpus, 
the following has been adapted:
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• Theme 1: Perception of the meaning of patient/patient/user safety (P7. In your opinion, what does 
patient/user safety mean in a health unit?) - SIGSEG (P7: Theme 1: Patients/users)

• Theme 2: Suggestions for improving the safety conditions of the patient/user (P8. Do you want to 
give any suggestions at the individual level that contribute to improving the safety of the patient/
patient/user in the health unit?) - SUGMEL (P8: Theme 2: Patients/users)

Labels (variables and modalities):

id: identifier of the respondent to the questionnaire (respondent)
ent: respondent (- patient / patient / user)
sex: sex (1- male; 2- female)
idd: age
getar: age group (1- less than or equal to 30 years; 2- 31 to 40 years; 3- 41 to 50 years; 4- 51 or more years)
marital: marital status (1- single; 2- married or de facto union; 3- divorced / separated; 4- widowed)
educa: educational level (1- without schooling; 2- 1st Cycle (4th class); 3- 2nd cycle (6th class); 4- 3rd 

cycle (9th year); 5- Complementary Secondary Education; 6- Technical-Professional Course ; 7- 
Bachelor / High School; 8- Degree; 9- Postgraduate, Master or PhD)

Org Type: 1- hospital; 2- health center

Finally, the following references are added to interpret the outputs extracted through Iramuteq:

Interpretation of the theme info file (stat):
Resume
Nombre de textes (number of initial texts: UCI - initial context unit): n1
Name d’occurrences (number of occurrences): n2
Nombre de formes (UCE - elementary context unit): n3
Nombre d’hapax: n4 (a% of occurrences - b% of forms)
Moyenne d’occurrences par texte (average occurrences per text): n5
Interpretation of the profiles file extracted in the Reinert method:
n. (number of order of words in the table);
eff. st (number of text segments that contain the word in the class);
eff. total (number of text segments in the corpus that contains, at least once, the word cited);
percentage (percentage of occurrence of the word in the text segments in that class, in relation to its 

occurrence in the corpus);
chi2 or χ2 (χ2 of association of the word with the class);
Type (grammatical class in which the word was identified in the shape dictionary);
Form (identifies the word)
p (level of significance of the association of the word with the class).

Additionally, as this study was conducted in Portuguese it is important to note some aspects regard-
ing the translation for the English version of this chapter. A language is not limited to a lexicon and the 
respective definitions, it also includes its context, and therefore when translating some terms from the 
analysis a direct translation was not appropriate. Per that, a subjective process was undertaken to select 
a synonym more adequate to the original term’s meaning in context, when necessary. Furthermore, the 

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



206

Patient Safety
 

original terminology is provided with its translation in order for readers to be able to interpret the figures, 
as they are on their original untranslated version.

RESULTS

Perception of Patients/Users About the Meaning 
of Patient/User Safety - SIGSEG (P7)

In the analysis of the open questions, it was identified that for patients the meaning of patient safety 
is related to the words’ safety, health, meaning, unit, professional, patient, doctor, patient, and tend 
to (“atender”), as described in table 1 through the frequency of use and as can be seen in figure 1 by 
highlighting and formatting them in the word cloud. As mentioned in the previous paragraph, from the 
patients’ point of view, patient safety is the result of an understanding of the meanings of the highlighted 
terms, as well as the effect on it as a result of the action in these categories.

Table 1. Perception of patients /users about the meaning of patient safety: Main lexical frequencies 
(active forms)

Formas Ativas Active formes nº. Formas Ativas Active formes nº.

segurança safety 27 Rápido Fast 3

saúde health 26 Resposta Reply 3

significar to mean 21 Relação Relationship 3

utente user 18 Relacionar To relate 3

unidade unit 18 Recorrer To resort 3

profissional professional 18 Querer To want 3

paciente patient 18 Precisar Need 3

médico doctor 18 Pedir Ask 3

doente patient 18 Nível Level 3

atender tend to/care for 16 Melhor Better 3

tratamento treatment 12 Importante Important 3

sentir to feel 11 Hospitalar Hospital 3

atendimento tend to/care for 11 Falta Lack 3

seguro safe 10 Exame Exam 3

opinião opinion 10 Erro Mistake 3

confiança trust 9 Educação Politeness 3

situação situation 8 Doença Disease 3

dever duty 8 Disponibilidade Availability 3

cuidado care 8 Diretamente Directly 3

técnico technician 7 Conhecimento Knowledge 3

prestar provide 6 Ajudar Help 3

continues on following page
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We can see in figure 2, that the relevant terms present in the word cloud and the frequency table are 
all interconnected, namely the evident link between safety, health and the unit with patient, professional, 
doctor, to tend and to mean. Associated with these more relevant terms, we have co-occurrences that 
are particularly highlighted, evidencing the existence of aspects of patient safety with their particular 
characteristics from the point of view of users.

Starting with the security aspect, we can see that there is an association with the words always, 
opinion, feeling, duty and wanting. It is demonstrated by the associations that patients highlight the 
constancy and obligation of the patient’s safety (always/duty), the need for its search and visible ap-
plication (wanting/feeling), and the importance of the perception of it by professionals and patients for 
its effectiveness (opinion).

Formas Ativas Active formes nº. Formas Ativas Active formes nº.

diagnóstico diagnosis 6 Vigiar Watch 2

atenção Warning 6 Transmitir To transmit 2

adequado adequate 6 Tranquilidade Tranquillity 2

tratado treated 5 Simpatia Sympathy 2

pessoal staff 5 Sector Sector 2

físico physical 5 Sentar To sit 2

dúvida doubt 5 Risco Risk 2

correto right 5 Responsável Responsible 2

clínico clinical 5 Recusar Refuse 2

tratar treat 4 Recurso Resource 2

sair get out 4 Queixa Complaint 2

qualidade quality 4 Público Public 2

possível possible 4 Psicológico Psychological 2

maior larger 4 Problema Problem 2

humano human 4 Privado Private 2

forma form 4 Privacidade Privacy 2

esperar wait 4 Prescrição Prescription 2

entrar get in 4 Preocupação Concern 2

dar to give 4 Necessário Required 2

confiar trust 4 Medicar Medicate 2

caso case 4 Linguagem Language 2

analisar analyze 4 Informar Inform 2

urgência urgency 3 Hora Hour 2

serviço service 3 Historial History 2

Source: Corpus da P7; output Iramuteq formes_actives.csv

Table 1. Continued
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A medical aspect and a patient aspect are mentioned, which are associated with human and personal, 
respectively, attention, technician, and knowledge. These associations highlight that for the patient, patient 
safety involves the existence of professionals for each individual (personal) and the existence of a recep-
tive and empathic nature on the part of the professionals (human), as well as the need to demystify care 
for the understanding of patients (technician/knowledge) and the provision of care completely focused 
on the patient (attention). The mention of the provision of attention is made by mentioning the aspect 
described in the previous paragraph and with the words “atender” and “atendimento” (both expressing 
the concept of tending to/care for someone), the first connected with politeness, fast, better, error and 
analysis, and the second associated with response, diagnosis, disease and relationship. The first set 
suggests that it is crucial for patients to have cordial service (politeness), efficient working hours (fast), 
improving service and performance evolution through the identification of failures (better/error/anal-
yse). The second set, on the other hand, suggests the need for specialization in the clinical care provided 
(diagnosis/relationship/disease/response).

In the health aspect, the words trust, directly, appropriate, resort and service are used by patients, 
indicating that the patients’ perception defines the existence of easily accessible care (service/resort/
directly) and the existence of relevant services for the patient’s safety, emerging from the belief in the 
value and effectiveness of the care provided (trust/adequate).

Figure 1. Perception of patients/users about the meaning of patient safety: Word Cloud
Source: Corpus da P7; output Iramuteq nuage_1.png
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In the unit aspect, there is an association with the words treated, examination and trust, and also 
with the word meaning that associates itself with physical, hospital and doubt. This type of composition 
identifies that users define their safety as being informed in order to understand their care (hospital/
doubt/physical/trust) and that it also depends on the resources and procedures in the care (treatment/
examination).

Figure 2. Perception of patients/users about the meaning of patient safety: Similitude (co-occurrences).
Source: Corpus da P7; output Iramuteq arbre maximum - graph_simi_1.png
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Perception of Patients/Users about the Meaning of 
Patient Safety: Classes of Lexical Groupings

The dendrogram of the lexical group classes was performed regarding the users’ perception of patient 
safety as seen in figure 3. Taking into account the co-occurrences already verified, it was possible to 
identify 6 groups of word classes organized according to the descending hierarchical classification tech-
nique. Regarding patients/users, classes 4 and 6 stand out and in which the words doctor and opinion are 
highlighted in class 4, and in class 6 we have the words attention and confidence. Then we have classes 
2, 3 and 5 in which the words professional, health and safety stand out, in 2, the words unit, providing 
and health, in 3 and the words leave, mean and want, in 5.

Clusters 4 and 6 are composed of 8 relevant words in a total of 39 and which correspond to 41% of 
the weight of the mass of information, in turn, Cluster 2 is composed of 6 words in a total of 39 and 
corresponds to 15. The set of these 3 lexical groupings (4, 6, 2) represent 69% of the weight of the mass 
of information (Table 2).

In figure 4 we can see the factorial projection of the lexical group classes, the perception of patients 
/ professional patients about patient safety in which class 4 is located in the 2nd quadrant and class 6 in 
the 3rd quadrant.

It is possible to find in the projections two factors, factor 1 and factor 2, which represent 53.7% of 
the importance of the aggregation of words (Table 3).

Theme 2: Suggestions from Patients/Users to Improve the Safety Conditions of the Patient/User - SUG-
MEL (P8)

Figure 3. Perception of patients/users about the meaning of patient safety: Dendrogram of Classes of 
lexical clusters.
Source: Corpus da P7; output Iramuteq dendrogramme_1.png
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Figure 4. Perception of patients/users about the meaning of patient safety: Factor projection of the 
classes of lexical clusters
Source: Corpus da P7; output Iramuteq AFC2DL.png

Table 2. Perception of patients/users about the meaning of patient safety: Characteristics of the Class 
profile of lexical groupings.

eff.s.t. eff.total %

Cluster 4 8 39 20.51

Cluster 6 8 39 20.51

Cluster 2 6 39 15.38

Cluster 3 6 39 15.38

Cluster 5 6 39 15.38

Cluster 1 5 39 12.82

Source: Corpus da P7; output Iramuteq profiles.csv
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In the analysis of the open questions, it was identified that for patients the improvement of the pa-
tient’s safety conditions is related to the words user, professional, wait, duty, hospital as described in 
table 113 through the frequency of its use and how it is possible to observe in figure 13 by highlighting 
and formatting them in the word cloud.

As mentioned in the previous paragraph, from the point of view of patients the evolution of patient 
safety is the result of an understanding of the meanings of the highlighted terms, as well as of the inter-
vention and improvement in these categories.

Table 3. Perception of patients/users about the meaning of patient safety: Factorial weight of the classes 
of lexical groupings

Valeurs propres Pourcentages Pourcentage cumules

Facteur 1 0.320061164 29.28601134 29.28601134

Facteur 2 0.266880491 24.41991082 53.70592215

Facteur 3 0.214388048 19.6167842 73.32270636

Facteur 4 0.183587423 16.79848715 90.1211935

Facteur 5 0.107963569 9.878806495 100

Source: Corpus da P7; output Iramuteq afc_facteur.csv

Table 4. Suggestions from patients/users to improve patient safety conditions: Main lexical frequencies 
(active forms)

Forma Ativa Active Formes nº. Forma Ativa Active Formes nº.

Utente User 16 Mesmo Same 2

Profissional Professional 15 Melhor Better 2

Esperar Wait 10 Mau Bad 2

Paciente Patient 9 Maior Larger 2

Médico Doctor 7 Horário Schedule 2

Doente Patient 7 Ficar Stay 2

Dever Duty 7 Familiar Familiar/Relative 2

Saúde Health 6 Faltar Miss 2

Hospital Hospital 6 Falta Lack 2

Forma Form 6 Falar Speak 2

Tratamento Treatment 5 Existir Exist 2

Atendimento tend to/care for 5 Doença Disease 2

Pessoal Staff 4 Distância Distance 2

Pensar Think 4 Dificuldade Difficulty 2

Exame Exam 4 Devido Due 2

Diminuir Decrease 4 Dar To give 2

Consulta Appointment 4 Continuar Continue 2

Atender tend to/care for 4 Condição Condition 2

continues on following page
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We can see in figure 6, that the relevant terms present in the word cloud and the frequency table are 
all interconnected, namely, the evident connection between user, professional, waiting, duty and hospital. 
Associated with these more relevant terms, we have co-occurrences that are particularly noteworthy, 
evidencing the existence of strands that require improvement with their particular characteristics from 
the users’ point of view.

Starting with the professional aspect, we have an association with the terms examination, consulta-
tion, treatment, and training. With the aforementioned associations, patients identify that improving 
patient safety depends on the preparation of professionals (training) and the form of application of care 
(treatment/examination/consultation). Then, the association of the word user with the words speciality 

Forma Ativa Active Formes nº. Forma Ativa Active Formes nº.

Unidade Unit 3 Comunicação Communication 2

Técnico Technician 3 Colocação Placing 2

Sugestão Suggestion 3 Caso Case 2

Serviço Service 3 Atenção Heads up 2

Seguro Safe 3 Aprender Learn 2

Segurança Safety 3 Apoio Support 2

Pouco Little 3 Alguma Some 2

Material Material 3 Ainda Yet 2

Importante Important 3 Adequado Adequate 2

Formação Training 3 Acontecer Happen 2

Exemplo Example 3 Acompanhamento Follow-up 2

especialidade speciality 3 Ajuda Help 1

Vir To go/come 2 Área Area 1

Triste Sad 2 Zeloso Zealous 1

Situação Situation 2 Vontade Will 1

Simpatia Sympathy 2 Voltar Come back 1

sentir to feel 2 Vigilância Surveillance 1

sempre always 2 Ver To see 1

sangue blood 2 Vazão Handle (able to) 1

relativo relative 2 Urgência Emergency 1

questão question 2 Urgente Urgent 1

querer to want 2 Turno Shift 1

opinião opinion 2 Tratar Care 1

número number 2 Transporte Transport 1

necessário required 2 Transfusão Transfusion 1

necessidade need/necessity 2 Transcender Transcend 1

muita many 2 Total Total 1

Source: Corpus da P8; output Iramuteq formes_actives.csv

Table 4. Continued
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and unit is observed, suggesting that for users the improvement is dependent on the availability of care 
(unit) and specific care (speciality).

It also denotes the interconnection of the word to wait with the words little, diminish and think. 
Evidencing that the users consider crucial to the evolution of the security conditions the increase of the 
efficiency and resources of the health system (decrease/little) and the consideration in the use of these 
(think).

There is a branch of the scheme that has a strand directly associated with the word hospital where it 
co-occurs with the words important, service and personnel, connections that echo the need for human 
resources (personnel) and the valuation and emphasis on health units (service/important) as important 
factors in improving patient safety conditions.

Suggestions of patients/users for the improvement of patient safety conditions: Classes of lexical clusters
Cluster 1 is composed of 5 words in a total of 8 and corresponds to 62.5% of the weight of the mass 

of information, in turn, Cluster 2 is composed of 3 words in a total of 8 and corresponds to 37.5% of the 
weight of the mass of information (table 5).

Figure 5. Suggestions from patients/users to improve patient safety conditions: Word Cloud
Source: Corpus da P8; output Iramuteq nuage_1.png
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DISCUSSION

Our investigation goes beyond the conservative approach that is performed to PS, for the first time it 
was intended to close the cycle of actors, by “listening” to the main interested party for whom the health 
system was created, the Patient. Similar to what is done for Professionals, recognizing at once that their 
constructs on PS are of a different matrix. The professionals’ knowledge is based on their academic train-
ing with the permanent changes resulting from the evolutionary process of the health context and their 
continuous training. On the other hand, a Patient’s starting point is the naive conception that is built on 
the assumption of complete surrender to a team of health professionals who are present to serve him, a 
transfer of autonomy that he is generally willing to accept.

Figure 6. Suggestions from patients/users to improve patient safety conditions: Similitude (co-occurrences)
Source: Corpus da P8; output Iramuteq arbre maximum - graph_simi_1.png
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The patient’s perspective on his/her safety, when subjected to the provision of health care, is a unique 
contribution, because, for the first time, the interested party in ensuring that the health system works at 
its fullest is heard.

It is the communion of interests of Patients and Professionals in PS that was at the origin of this 
work, and taking that into account, the discussion of results will be carried out in three sub-chapters, 
a first where the perspective of the Patient regarding PS is addressed, a second where the perspective 
of the Professional regarding PS will be approached, and finally the third sub-chapter where we will 
discuss the results obtained by the Professionals and Patients simultaneously with a particular focus on 
the analysis of the content of the open questions.

Figure 7. Suggestions of patients/users for the improvement of patient safety conditions: Dendrogram 
of Classes of lexical groups.
Source: Corpus da P8; output Iramuteq dendro1.png

Table 5. Suggestions of patients/users for the improvement of patient safety conditions: Characteristics 
of the lexical group Classes’ profile

eff.s.t. eff.total %

Cluster 1 5 8 62.5

Cluster 2 3 8 37.5

Source: Corpus da P8; output Iramuteq profiles.csv
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The Evaluation of the users’ perception of safety is a factor currently considered relevant for the 
improvement of healthcare provision, something that appears as a new trend, contrasting with the most 
dated evaluations that excluded the patients’ perspective regarding the quality of their care. “The patient’s 
experience is increasingly recognized as one of the three pillars of quality in health, along with clinical 
efficacy and patient safety.” (Doyle, Lennox & Bell, 2013), however, this experience is difficult to assess.

Patients have little knowledge about aspects of technical quality, but in general, they have no difficul-
ties in assessing the interpersonal side (Urdan, 2001).

Self-administered questionnaires are used as a tool for collecting information in studies that aim to 
get to know a sample of a population based on a set of questions on a topic, in a short period of time. 
The limitations of this type of instrument are known, of which the loss of interest by the respondent is 
highlighted due to the high number of questions and the indications imposed by them.

The Culture of PS – Patients

The results obtained with the application of the questionnaire “Multidimensional approach to patient 
safety in public sector health institutions in the Algarve region - Portugal” (AMSDISRA) allow us to 
observe the perception that participating users have on the different topics related to the culture of patient 
safety, which includes the management and organization of the health unit, the experience and occur-
rences during the stay in the health unit, experience with clinical error.

Regarding the perception of the users in our study concerning the management and organization of 
the Health Unit, to the question “Do you think that during your stay in the health unit you were provided 
with health care in a safe way”, 34.4% of the patients fully agree (average score of 8.16), only 1.2% 
disagree on the safe provision. At the hospital, 45.2% answered that they completely agreed, although 
at the health centres this percentage decreased to 14%. However, if we analyse the responses of users in 
the range of 8 to 10, the percentages of satisfaction present values   of 75.1% and 63.1%, respectively. For 
comparison, data from the study by Mira, Vitaller, Lorenzo, Royuela, Pérez-Jover & Aranaz, (2012), in-
dicate that less than half of Spaniards expect clinical errors to occur, while most believe they are unlikely.

An editorial by Paterson (2013) drew attention to the fact that patients’ complaints are “canaries 
in the coal mine” that should alert us to the most profound problems and should not be ignored. In 
another editorial Gallagher, Mello, Levinson, Wynia, Sachdeva, Sulmasy… Arnold, (2013) focuses on 
the need to end the clinicians’ silence, stressing the importance of clinicians talking about this subject, 
thus improving their care and communicating better. Sometimes, patients’ complaints go elsewhere (for 
example, to state health departments, professional disciplinary bodies, medical societies, etc.) and there 
is no feedback on the complaint, or it is late and its statistics are not always disclosed.

Opinion on the Meaning of Patient Safety in a Health Unit

For patients, the relevant terms that are interconnected, namely the evident connection between safety, 
health and unit with patient, doctor and professional, are in line with what was mentioned by Donabedian 
(1985), in which patients in their majority are unaware of details of the technical domain of the care 
provision, however, they consider it to be important, particularly in situations that pose a clear threat to 
their health and well-being. In general, the patient assesses the technical quality of care indirectly, based 
on evidence of the professionals’ interest and concern with their health and well-being.
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Associated with these more relevant terms, we have co-occurrences that are particularly highlighted, 
evidencing the existence of aspects of patient safety with their particular characteristics from the point 
of view of users.

Starting with the security aspect, we can see that there is an association with the words always, 
opinion, feeling, duty and wanting. It is demonstrated by the associations that patients highlight the 
constancy and obligation of the patient’s safety (always/duty), the need for its search and visible ap-
plication (wanting/feeling), and the importance of the perception of it by professionals and patients for 
its effectiveness (opinion).

Collier, Sorensen & Iedema (2016), in a qualitative study carried out in patients with prolonged illness 
(n = 29) and family members (n = 5) in Australia on the perspectives of safety and quality, says that for 
these patients the safety of the patient remains important for terminally ill patients and family members. 
For these patients, iatrogenic damage is not considered a “single” incident. On the contrary, the damage 
is experienced as a result of a series of negative events. The iatrogenic damage is emotional, social and 
spiritual, and not just a technical-clinical misfortune and is linked to the feeling of insecurity. Thus, pa-
tient safety extends beyond strictly defined technical-clinical parameters to include interpersonal safety.

In our study, a medical aspect and a patient aspect are mentioned, which are associated with hu-
man and personal, respectively, attention, technician and knowledge. However, the attempt to provide 
patient-centred care should prevail, where the patient’s voice is valued and respected. It assures better 
communication between the provider and the patient, which is the number one factor that contributes to 
the avoidance of adverse events or damage. It establishes trust and provides a “check and balance” for 
both parties involved (Hovey & Apilian 2014).

The mention of the provision of attention is made by mentioning the aspect described in the previ-
ous paragraph and the words “atender” and “atendimento” (both expressing the concept of tending to/
care for someone), the first connected with education, fast, better, error and analysis, and the second 
associated with response, diagnosis, disease and relationship.

In the health aspect, the words trust, directly, appropriately, resort and service are used by patients, 
indicating that the patients’ perception defines the existence of easily accessible care as relevant to patient 
safety. Accessibility to health care is one of the factors pointed out by Donanbedian (1980), as a determi-
nant in the quality of health care provision at the community level, particularly concerning access costs.

In the unit aspect, there is an association with the words treated, examination and trust, and also with 
the word meaning that it associates itself with physical, hospital and doubt. This type of composition 
identifies that users define their safety as being informed in order to understand their care (hospital/
doubt/physical/trust) and that this also depends on the resources and procedures in the provision (treat-
ment/examination).

In the research study “Improving Patient Safety Through Provider Communication Strategy Enhance-
ments” conducted by Dingley, Daugherty, Derieg & Persing, (2008), the analysis of 495 communica-
tion events after the implementation of the toolkit revealed a decrease in treatment time, an increase in 
of nurses’ satisfaction with communication and higher rates of resolution of post-intervention patient 
problems. The resulting toolkit provides healthcare organizations with the means to implement teamwork 
and communication strategies in the context of care delivery.

Finally, we highlight the professional aspect associated with the co-occurrences of availability, form, 
urgency, treatment and lack. These state that the patient defines the existence of patient safety with the 
existence of sufficient human resources (lack/availability) and their ability to respond immediately 
(urgency), as well as the existence of adequate care provision (form/treatment).
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Suggestions for Improving Patient Safety at the Health Facility

Regarding the suggestions for improvement on the part of the patients, we can see that the relevant terms 
present in the word cloud are all interconnected, namely, the evident connection between user, profes-
sional, waiting, duty and hospital.

The concern on the part of patients with the reduction of waiting times is notorious as an element 
that contributes to the improvement of the provision of care.

Starting with the professional aspect, we have an association with the terms examination, consulta-
tion, treatment, and training. With the aforementioned associations, patients identify that improving 
patient safety depends on the preparation of professionals (training) and the form of application of care 
(treatment/examination/consultation).

There is a strand directly associated with the word hospital where it co-occurs with the words important, 
service and personnel, connections that manifest the need for human resources, professional valorization 
and the emphasis on health units as important factors in improving the safety conditions of the sick.

There are several studies (Brasaite et al., 2016; DGS, 2015, 2017), which report the need to increase 
the continuing education of professionals, improving the provision of care through the adoption of new 
technologies that allow/free professionals to have more time in contact with patients, in conjunction 
with the increase in the number of professionals. The analysis of the open questions in our study for 
professionals revealed that the need for training, resources and changes at the service level (organization) 
improved the patient’s safety conditions.

In our study, we can find the safety aspect interconnected with the words improvement and diagno-
sis, identifying that from the perspective of professionals it is required a reliable clinical assessment of 
patients (diagnosis) as well as an evolution of safety in general (improvement). These results are in line 
with those described in the research work of Singh, Graber, & Hofer (2016), on “Measures to Improve 
Diagnostic Safety in Clinical Practice”.

There is also a health aspect associated with the words humanization, existence and unit. Profes-
sionals thus suggest that more sensitivity is needed in the manner of providing health care, more health 
services and more health in general, this last one possibly referring to healthier habits on the patient’s 
part. Medeiros et al. (2016) note that the humanizing dimension is based on the creation of workspaces/
environments that value the daily practice of professionals, with an emphasis on relational technologies, 
such as listening, welcoming, dialogue as well as negotiation for production and care management.

Some Concern is expressed about the service aspect, the professionals suggest interventions with 
co-occurrences such as urgency, involvement and increase. They consequently identify that intervention 
in care in situations of immediate need is relevant, the practice of unifying policies and strategies for 
staff, and the increase in the capacities of the health system.

As previously mentioned, the training aspect is pointed out by professionals as an aspect in great 
need of improvement, in their view, there is a need for diversification of the education provided to the 
professionals.
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CONCLUSION

The illiteracy of the public regarding the subject of patient safety culminates in a lack of interest in par-
ticipating in the study due to the belief that because of its lack of knowledge its opinion is not accounted 
for in the improvement of the care provided, this is a crystallized paradigm.

Despite the manifest dissatisfaction, there is a fear of reprisals or damage to future health care. Users 
with greater academic differentiation report to the Ministry of Health, Professional Orders and Regula-
tory Entities, instead of doing so in the first instance to the units that provided them with health care. As 
a result, responses appear late or are lost in the bureaucratic chain of public administration.

Most respondent users rely, with “closed eyes”, on the technical capacity of professionals, even 
though they have some discredit in the form of institutional organization. It was also clearly evidenced 
that patients do not have an effective intervention in risk management solutions, and most of them are 
not an integral part of it.

Even though the implementation of patient safety programs based on cultural change, notification 
systems, risk assessment and audits is increasing in the health units evaluated, a strong investment in 
human factors (with the involvement of all stakeholders), effective communication and education are 
still necessary for patient safety.

RECOMMENDATIONS

The Health Units must consciously assess all their needs regarding the lack of human resources, the lack 
of elements and the work overload not only accentuate the failures but do not allow the satisfaction of 
the professionals and constrains the attention/service to the user/patient.

Encourage the notification of patients regarding events and the creation of feedback mechanisms 
regarding the treatment/evaluation of the events identified by them, the creation of a patient’s office, 
thus enabling the effective participation of patients and their families in the entire care process.
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ABSTRACT

The relevant literature review was conducted to determine current knowledge and practices related to 
adult fall prevention in Norway. It included scientific publications on studies and tools. The review was 
extended to include the clinical studies and resources offered by the healthcare sector that was made 
publicly available on their websites. Results are presented in tables structured to show study objectives, 
approach, and results. The information offered to patients is presented per region and hospital. During 
the period of the last 20 years, there were numerous studies and useful information offered to the public. 
There is also one fall prevention program assessed in a dedicated study.

INTRODUCTION

Fall prevention and healthy aging form the areas of national interest with dedicated resources that are 
maintained by several stakeholders. The Norwegian Directorate publishes regular reports and distributes 
them to various healthcare municipalities to support their focus on the prevention and healthy aging. The 
authority empathizes the importance of multi-disciplinary, systematic prevention and health promotion. 
Many Norwegian municipalities and hospitals are compliant with that strategy and offer their informa-
tion and advice for prevention, especially regarding hospital visits and treatments.

Healthcare professionals have conducted numerous studies and trials relating to falls. The outcomes 
are concerned with the effects and factors related to the success of prevention programs, as well as 
underlying clinical situations, measures taken to treat, educate, improve cost-benefits of patient care.

There are also web-based and mobile tools for patient education developed to increase patient’s 
mobility through training and increased awareness of risk factors.

Fall Prevention Activities 
and Resources in Norway:

A Review

Ankica Babic
University of Bergen, Norway
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The purpose of this chapter is to provide an overview of the most relevant literature findings on fall 
prevention studies and resources.

METHODS

A systematic information search was done to identify the national websites offering information to 
patients, such as municipalities and hospitals. Information retrieval was performed using standard web 
search engines.

A systematic literature review was conducted combining keywords such as fall prevention, studies, 
tools, and Norway. Clinical trials were also reviewed using the dedicated website (ClinicalTrials.gov) 
to include trials, completed and ongoing in Norway. The search and review focused on the publications 
and information published of last twenty years but included a few relevnat older research papers.

Table 1. Clinical trials on fall prevention in Norway

Research Topics Objectives
Intervention 
(Number of 

patients enrolled)
Result Summary

The Effects of a Fall 
Prevention Program 
on Falls, Patient Safety 
Culture and Patient-
perceived Safety. Two 
Cross-sectional Studies 
in Two Orthopedic 
Departments (Røyset et 
al., 2019)

— The primary outcome was the 
rate of fallers. 
— Secondary outcomes were 
the employees’ perceived patient 
safety culture (measured with the 
Safety Attitudes Questionnaire) and 
patient-perceived safety (measured 
with Norwegian Patient Experience 
Questionnaire) 
— Publication Year: 2019

Behavioral: fall 
prevention program 
(3143)

— Falls were registered in 114 out of 3,143 
patients (3.6%) with 17,006 days in the 
hospital. Ten patients had two falls, giving 
a fall rate of 7.3 falls/1,000 days in the 
hospital. 
— The fall prevention program revealed no 
significant effect on the rate of fallers, the 
patient safety culture, or patient-perceived 
safety.

Effect of a Falls Prevention 
Exercise Program on 
Health-related Quality 
of Life in Older Fallers 
Receiving Home Care. A 
Randomized Controlled 
Trial(Bjerk et al., 2019)

— This study explored the effects 
of a falls prevention exercise 
programme on health-related quality 
of life (HRQOL), physical function 
and falls self-efficacy in older fallers 
receiving home care. 
— Publication year: 2019

Other: Exercise and 
education 
(155)

— Intention-to-treat analysis showed 
that, compared to the control group, the 
intervention group improved on SF-36’s 
physical component summary as well as 
BBS. However, the intervention group also 
demonstrated a decline in the mental health 
subscale of SF-36. 
— A falls prevention exercise programme 
based on OEP significantly improved 
physical HRQOL and balance in older adults 
receiving home care

Early Identification and 
Intervention in Risk of 
Falling Among Seniors in 
Bomlo Municipality

— Fall-related injuries identified in 
electronic patient record in primary 
care 
— Not published yet.

Behavioral: 
Physical exercise 
(20)

— Study ongoing.

Evaluation of Strong & 
Steady: A Group Exercise 
Program for Preventing 
Functional Decline and 
Falls Among Community 
Dwelling Older Adults

— The aim of the study is to 
investigate the effect of Strong and 
Steady (S&S) group exercise on fall 
risk and physical function among 
community-dwelling older adults 
over 12 months. A pre-post test 
study deign will be used. 
— Not published yet.

Behavioral: Strong 
& Steady exercise 
program Estimated: 
(186)

— Recruitment ongoing
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RESULTS

Four tables are presenting results structured as following:

Table 1 presents clinical trials on fall prevention in Norway;
Table 2 presents fall prevention information provided in Norwegian hospital websites;
Table 3 presents fall prevention among the elderly in Norway;
Table 4 presents fall prevention smartphone applications and gamification in Norway from 2010 to 2021.

Table 2. Fall Prevention information provided in Norwegian Hospital Websites

Category Place Information provided
Mode of 

information 
dissemination

Facility

Generelle 
Helsetjenester At Home

— So often you should exercise 
— Exercise for you who are a little 
unstable when you walk 
— Training for you who use aids when 
you walk 
— Training for the elderly in care homes

-Webpage 
instructions 
-Use of pictorials 
-Brochures

Helse Norge 
(Helsenorge, 2019)

Generelle 
Helsetjenester Outdoors

— Exercises to prevent falls - for you who 
feel a little unstable when you go outdoors 
— Exercises to prevent falls - for you who 
need aids when you go outdoors 
— Exercises and activities to prevent falls 
in the elderly with extensive need for help 
- guidance for health professionals and 
relatives in care homes and institutions

-Brochures Helse Direktoratet 
(Helsedirektoratet, 2016)

Helse Sør-Øst 
RHF At Home

— Falls - advice on how to help you avoid 
falls 
— Together for patients with falls at home 
- a new health service for the elderly 
living at home 
— The project has been awarded NOK 
1,230,000. 
Innovation projects 
Development of a new service model to 
ensure that 
a) fall prevention measures in the first 
known fall are implemented, 
b) the patient is assessed according to 
common criteria, 
c) the patient receives fewer unnecessary 
hospital stays, 
d) specialist functions are moved out of 
the hospital, and 
e) a more cost-effective service can be 
offered by providing a more patient-
oriented offer at a lower level of service.

-Web page 
-Innovation projects

Sykehuset i Vestfold: 
(Sykehuset i Vestfold, 2017), 
(Sykehuset i Vestfold, 2018)

Helse Sør-Øst 
RHF Osteoporosis information Sørlandssykehuset: (Sørlandet 

sykehus, 2020)

continues on following page
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Category Place Information provided
Mode of 

information 
dissemination

Facility

Helse Sør-
Øst RHF Hospital

Prevention of falls in health institutions 
— Why fall prevention? 
— Measures to prevent falls

-Web page 
-Package measures 
which include: 
(i)Tools: 
— Driver 
— (ii) Knowledge 
base 
(iii) Professional 
resources and 
information 
materials

Lovisenberg diakonale sykehus 
(Lovisenberg Diakonale 
Sykehus, 2021)

Helse Sør-Øst 
RHF Deacon’s Home

Health services for the elderly (HTE) 
Focus areas for HTE 2016 - 2022 
-Research, Professional Development, 
Knowledge Sharing 
Be a voice for quality in the health of 
the elderly internally and externally by 
focusing on -Prevention of falls and 
fractures in the elderly

Web page 
Health service

Diakonhjemmet sykehus 
(Diakonhjemmet Sykehus, 
2020)

Helse Sør-Øst 
RHF Hospital

Hip fracture 
-investigation and treatment 
People fall inside when it snows outside 
- Increases more indoors than outdoors 
- Most hip fractures indoors 
- Relationship between weather and hip? 
Osteoporosis treatment 
-Referral and assessment 
-Investigation 
-Treatment 
Non-drug measures (things you can do 
yourself) 
Medical treatment

News 
Webpage

Akershus universitetssykehus 
(Akershus universitetssykehus, 
2020), (Akershus 
universitetssykehus, 2018)

Helse Sør-Øst 
RHF Home

Fall prevention 
Good advice and measures you can do 
yourself. 
— What increases the risk of falls? 
— Medications can also be a contributing 
factor to falls 
— What can you do yourself? 
— Vision is normally reduced with 
increasing age 
— Poor nutrition can also be a cause of 
falls 
— The home can contain many 
“stumbling blocks” 
— “Hurry is load” 
— Good shoes are important to avoid falls

Webpage
Oslo universitetssykehus HF 
(Oslo-universitetssykehus, 
2017)

Table 2. Continued

continues on following page
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Category Place Information provided
Mode of 

information 
dissemination

Facility

Helse Sør-Øst 
RHF Home

Fall prevention 
Good advice and measures you can do 
yourself. 
— What increases the risk of falls? 
— Medications can also be a contributing 
factor to falls 
— What can you do yourself? 
— Vision is normally reduced with 
increasing age 
— Poor nutrition can also be a cause of 
falls 
— The home can contain many 
“stumbling blocks” 
— “Hurry is burden” 
— Good shoes are important to avoid falls

Webpage Vestre Viken HF 
(Vestre Viken, 2017)

Helse Sør-Øst 
RHF Hospital 2019 Fall in hospital -Articles Sykehuset Telemark HF 

(de Groot et al., 2020)

Helse Vest 
RHF 
Rogaland og 
Vestland.

Home

To you who have fallen or who are prone 
to falls 
- Causes of falls 
Walking aids
How to prevent falls in the event of a fall?
Home exercises are suggested.

-webpage 
-Pictorials 
- Checklist for 
prevention of falls 
and fall injuries

Helse Stavanger: 
(Helse Stavanger, 2020)

Helse Midt-
Norge RHF General

Competence center for movement 
difficulties and falls in the elderly 
Manuals and exercises 
-Otago exercises 
-Otago Manual 
-Helbostadøvelsene 
Mapping tool

-Webpage 
-Pdf documents 
-videos 
- Manuals and 
exercises 
-Mapping tool

St. Olavs Hospital 
(St. Olavs hospital, 2017)

Helse Midt-
Norge RHF

Chronicle: Osteoporosis - a serious 
disease Web page news

Helse Møre og Romsdal 
(Helse Møre og Romsdal, 
2019)

Helse Nord 
RHF Hospital

The patient falls 
Assessment and measures 
-Use of electronic boards 
-Increase in patient supervision 
Osteoporosis 
-Referral and assessment 
-Investigation 
-Treatment 
Non-drug measures (things you can do 
yourself) 
Medical treatment

Webpage Nordlandssykehuset: 
(Nordlandssykehuset, 2021)

Helse Nord 
RHF Hospital

New technology can reduce fall injuries 
-Motion sensors in bed mats and walking 
alarms, as well as sensors for anonymised 
digital surveillance in patient rooms, 
constitute the technology being tested.

-Technology https://
www.pingvinavisa.
no/ny-teknologi-
kan-redusere-
fallskader/

Universitetssykehuset i 
Nordland: 
(Nordlandssykehuset, 2021)

Table 2. Continued

continues on following page
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Category Place Information provided
Mode of 

information 
dissemination

Facility

Helse Nord 
RHF

Living at home 
under the 
auspices

The wave of strength: Fall prevention 
group services for the elderly 
The strength wave is suitable for you who 
meet some of the criteria below 
• Want to learn more about how to 
exercise to prevent falls and function 
better in everyday life. 
• Feeling a little unsteady and wanting to 
get better balance. 
• Has fallen or is in danger of falling. 
• Has noticed a change in function after 
illness, injury or inactivity. 
• Changed need for help (eg home care, 
aids, security alarm). 
• Want to train with others. 
• Unable to use other training offers.

Fall prevention 
group

Tromsø 
(Tromsø kommune, 2021)

Helse Nord 
RHF

Home care, 
nursing homes 
and health 
centers.

Prevention of functional impairment in 
the elderly 
Method/Measures 
• Management of patient safety 
• Coordination of drug lists 
• Proper drug use in nursing homes 
• Proper drug use in home care services 
• Proper drug use in the service of people 
with developmental disabilities 
• Prevention of falls in health institutions 
• Prevention of malnutrition

Webpage-Patient 
safety program

Finnmarkssykehuset 
(Utviklingssenter for sykehjem 
og hjemmetjenester, 2020)

Table 2. Continued

Table 3. Fall Prevention among the elderly in Norway

Title Year Approach Outcome

Impact of the fall prevention Otago 
Exercise Programme on pain among 
community-dwelling older adults: 
a short- and long-term follow-up 
study(Cederbom & Arkkukangas, 
2019)

2019 
Home

-Use of home -based fall-preventive exercise 
program to reduce pain over both the short 
term and long term 
-Quasi experiment 
-Intervention: Otago Exercise Programme 
(OEP) 
Norway, Sweden

-These results indicate that the 
OEP could be a suitable evidence-
based program for both pain 
management and fall prevention 
among community-dwelling older 
people who live with pain and are 
at a higher risk of falling.

Effects of a fall prevention program 
in elderly: a pragmatic observational 
study in two orthopedic 
departments(Røyset et al., 2019)

2019

-Intervention: multifactorial fall prevention 
program 
-Primary outcome: rate of fallers 
-Secondary outcome: employee’ perceived 
patient culture, patient-perceived safety.

- The fall prevention program 
revealed no significant effect on 
the rate of fallers, the patient safety 
culture, or patient-perceived safety.

Associations between gait speed 
and well-known fall risk factors 
among community-dwelling older 
adults(Kyrdalen et al., 2019)

2019

-Measurements included gait speed, 
depressive symptoms, executive functions, 
fear of falling, vision function, fall history, 
body mass index, medications, and 
comorbidity.

- Our results indicate that gait 
speed with cut-off 1.0 m/s 
could represent a useful tool for 
identifying individuals who are 
vulnerable but not yet disabled and 
could benefit from fall-preventive 
exercise. However, extended 
assessment is probably needed to 
personalize interventions.

continues on following page
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Title Year Approach Outcome

A falls prevention programme to 
improve quality of life, physical 
function and falls efficacy in older 
people receiving home help services: 
study protocol for a randomised 
controlled trial(Bjerk et al., 2017)

2017

-Impact of OEP and health -related quality 
of life in older adults receiving home help 
services 
Intervention: 
Otago Exercise Programme, lasting 12 weeks 
including home visits and motivational 
telephone calls. 
- he control group receives usual care. 
- The primary outcome is health-related 
quality of life (SF-36). 
- Secondary outcomes are leg strength, 
balance, walking speed, walking habits, 
activities of daily living, nutritional status and 
falls efficacy.

Results not yet provided.

The tensions between micro-, meso- 
and macro-levels: physiotherapists’ 
views of their role towards fall 
prevention in the community - a 
qualitative study(Cerderbom et al., 
2020)

2020

- explore physical therapists’ (PTs) view of 
how they experience and perceive their role 
working with fall prevention in a community 
care setting 
- capability to cope with the tensions between 
the micro-, meso- and macro-levels in fall, 
prevention 
-Qualitative study.

Our findings indicate that the 
PTs’ role reflects their abilities 
to change and improve their 
professional work in accordance 
with evidence-based knowledge.

Cost-effectiveness in fall prevention 
for older women(Hektoen et al., 
2009)

2009

The aim was to estimate the cost-effectiveness 
of implementing an exercise-based fall 
prevention programme for home-dwelling 
women in the > or = 80-year age group in 
Norway.

-The study found that the reduction 
in healthcare costs per individual 
for treating fall-related injuries 
was 1.85 times higher than the cost 
of implementing a fall prevention 
programme. 
-The reduction in healthcare costs 
more than offset the cost of the 
prevention programme for women 
aged > or = 80 years living at 
home, which indicates that health 
authorities should increase their 
focus on prevention.

The Harstad injury prevention 
study: community based prevention 
of fall-fractures in the elderly 
evaluated by means of a hospital 
based injury recording system in 
Norway(Ytterstad, 1996)

1996

The aim was to describe a community-based 
programme to prevent fractures resulting 
from falls and evaluate the outcome in terms 
of changes in fracture rates and short-term 
hospital care costs. 
- Prospective intervention study. 
-intervention: last five years involved 
community-based interventions- e.g., the 
removal of environmental hazards in homes 
and promotion of the use of safe footwear 
outdoors in winter.

The observed fall-fracture rate 
reductions in private homes and 
traffic areas suggest that major 
parts of the interventions were 
effective.

Physiotherapists’ perceptions of 
challenges facing evidence-based 
practice and the importance of 
environmental empowerment in 
fall prevention in the municipality 
- a qualitative study(Worum, 
Lillekroken, Roaldsen, et al., 2020)

2020

- This study aims to explore physiotherapists’ 
perceptions on external factors, such as public 
policy, organisation and leadership, regarding 
the relation between knowledge translation 
and the three elements of evidence-based 
practice (EBP) to effectively address barriers 
and facilitate the uptake of EBP in fall 
prevention

- The findings of this study outline 
tension between policy, leadership, 
organisational facilitators and 
EBP. Leadership is influenced 
by policy with ripple effects for 
the organisation and clinicians. 
Organisational facilitators form 
structural empowerment, which is 
the foundation for creating an EBP 
environment.

Table 3. Continued
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Associations between health-related 
quality of life, physical function 
and fear of falling in older fallers 
receiving home care (Bjerk et al., 
2018)

2018

- to determine the associations between 
health-related quality of life (HRQOL), fear 
of falling and physical function in older fallers 
receiving home care 
- Data on HRQOL (SF-36), physical function 
and fear of falling (FES-I) were collected in 
addition to demographical and other relevant 
background information. A multivariate 
regression model was applied.

- A higher score on FES-I, 
denoting increased fear of falling, 
was significantly associated with a 
lower score on almost all subscales 
of SF-36, denoting reduced 
HRQOL. 
-This association is independent of 
physical measures. Better physical 
function is significantly associated 
with higher physical HRQOL. 
Future research should address 
interventions that reduce fear of 
falling and increase HRQOL in 
this vulnerable population.

The Adapted Lifestyle-Integrated 
Functional Exercise Program for 
Preventing Functional Decline in 
Young Seniors: Development and 
Initial Evaluation (Schwenk et al., 
2019)

2019

The aim was to develop an intervention by 
adapting Lifestyle-integrated Functional 
Exercise (aLiFE) to be more challenging and 
suitable for preventing functional decline in 
young seniors in their 60s and (2) perform an 
initial feasibility evaluation of the program. 
Pre- and post-treatment changes in balance, 
mobility, and physical activity (PA) were also 
explored. 
Germany, Netherlands, Norway

- aLiFE has the potential to engage 
young seniors in regular lifestyle-
integrated activities. Effectiveness 
needs to be evaluated in a 
randomized controlled trial.

Bridging the gap between research-
based knowledge and clinical 
practice: a qualitative examination 
of patients and physiotherapists’ 
views on the Otago exercise 
Programme(Worum et al., 2019)

2019

- primary objective of the present study was 
to examine patients and physiotherapists’ 
views on the factors that influence the 
implementation of the community- and 
evidence-based Otago Exercise Programme 
for fall prevention 
-Qualitative study.

- The analysis yielded two main 
themes: the researcher’s role and 
position in the implementation 
process and the tension between 
research-based knowledge and 
clinical practice.

Conceptualizing a Dynamic Fall 
Risk Model Including Intrinsic Risks 
and Exposures (Klenk et al., 2017)

2017

- The authors posit a dynamic fall risk model 
consisting of intrinsic risk factors that vary 
over time and exposure (activity in context). 
eHealth sensor technology (eg, smartphones) 
begins to enable the continuous measurement 
of both the above factors. They illustrate thier 
model with examples of real-world falls from 
the FARSEEING database.

This dynamic framework for fall 
risk adds important aspects that 
may improve understanding of fall 
mechanisms, fall risk models, and 
the development of fall prevention 
interventions.

Older persons’ narrations on falls 
and falling*Stories ofcourage and 
endurance(Clancy et al., 2015)

2015

The aim of the study was to identify how 
older persons perceive falling, fall prevention, 
and fall accidents. 
- Six in-depth interviews were carried out 
and a hermeneutic phenomenological method 
was used to describe and interpret the older 
persons’ accounts.

- Traditional fall prevention 
interventions are often risk 
oriented and based on generalized 
knowledge applied to particular 
cases. The findings indicate a 
need for contextual life-world 
knowledge and an understanding 
of fall prevention as a piece in 
a larger puzzle within a broader 
framework of culture, health, and 
well-being. 
Showing an interest in the older 
persons’ stories can help safeguard 
their integrity and promote their 
well-being. This can ignite a 
spark that kindles their desire to 
participate in meaningful exercises 
and activities.

Table 3. Continued
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Nursing staffs’ attentiveness to older 
adults falling in residential care - an 
interview study(Clancy & Mahler, 
2016)

2016

- The focus of this study was to explore how 
nursing staff experience safety promotion and 
fall prevention in residential care settings for 
older adults 
- There is limited research on fall prevention 
and safety promotion where the lifeworld and 
well-being provide a direction for care.

- The findings can indicate 
that there is a generalised 
understanding of the needs of 
older persons in residential care. 
The focus of the staff was more 
on protection and prevention than 
safety promotion and well-being. 
- Risk prevention is not enough. 
The residents need protection 
against falls but they also need 
to be protected from situations 
that can be detrimental to their 
well-being and compromise their 
dignity.

Otago exercise programme-from 
evidence to practice: a qualitative 
study of physiotherapists’ 
perceptions of the importance of 
organisational factors of leadership, 
context and culture for knowledge 
translation in Norway (Worum, 
Lillekroken, Ahlsen, et al., 2020)

2020

- This study aimed to explore the views of 
physiotherapists in clinical practice and 
their leaders’ views on the importance of 
organisational factors, such as leadership, 
culture and contextual and human resources, 
regarding successful knowledge translation of 
the Otago evidence-based fall programme in a 
Norwegian community. 
-Qualitative study.

- This study highlighted the 
importance of organisational 
factors in knowledge translation 
in fall prevention. The findings 
emphasise the importance of 
leaders’ role and style in providing 
a supportive culture and contextual 
factors during the knowledge 
translation process. 
This study provides an 
understanding of the knowledge 
translation and sustainability of 
evidence-based practice and the 
Otago exercise programme for 
fall prevention programmes for 
community-dwelling older adults 
in Norway.

Smartphone Apps to Support 
Falls Rehabilitation Exercise: App 
Development and Usability and 
Acceptability Study (Hawley-Hague 
et al., 2020)

2020

-This study aims to develop motivational 
smartphone apps co-designed with health 
professionals and older adults to support 
patients to perform exercise proven to aid 
fall reduction and to explore the apps’ 
usability and acceptability with both health 
professionals and patients. 
Several countries besides Norway participate.

-The motivational apps were found 
to be acceptable for older adults 
taking part in the design stage and 
patients and health professionals 
testing the apps in a clinical setting

Predictors of falls in the elderly by 
location (Bergland et al., 2003) 2003

The study assessed prospectively the 
predictive ability of health, function and 
balance variables regarding falls and their 
location 
- Falls which occurred during one year in 
a random sample of 307 women aged 75 
years and over (mean 80.8 years, response 
rate 74.5%) living in the community were 
recorded and related to baseline registrations 
of health, medication and tests of walking and 
balance.

- The findings suggest that risk 
factors for indoor and outdoor falls 
are different. Location of fall may 
be an important confounder in 
studies of predictors of falls in the 
elderly which should encompass 
this type of information. 
- Outdoor falls were significantly 
more frequent than indoor falls 
(57.5 vs 42.5%).
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A falls case summary: Application 
of the public health nursing 
intervention wheel (Leahy-Warren et 
al., 2018)

2018

- Prevention and management of falls in the 
community could benefit from a public health 
systems approach by Public health nurses 
(PHNs) underpinned by the Public Health 
Intervention Wheel (PHIW). 
- The aim of this paper was to use a case 
summary to illustrate PHN practice in the 
context of the PHIW as applied to falls 
management and prevention. 
- This paper focuses on fall incidence and 
PHN response in Ireland and Norway.

- The PHIW model provides 
insight into the potential scope 
of public health nursing in falls, 
articulating PHN practice in the 
community.

Patient safety and falls: a qualitative 
study of home care nurses in Norway 
(Berland et al., 2012)

2012
- This study explored patient safety and falls, 
based on the experiences of home care nurses. 
-Qualitative study.

- This study identified the 
following four themes: (i) patient 
safety was not viewed as primary 
prevention; (ii) the lack of 
investigation into causes of falls; 
(iii) the frailty of older people 
who can no longer live at home 
independently and safely; and (iv) 
patient autonomy versus patient 
safety. 
- The study showed that home 
care nurses felt that healthcare 
personnel were more concerned 
with the treatment of falls, rather 
than fall prevention. In addition, 
home care nurses rarely focused 
on falls before they occurred. The 
patient’s autonomy was placed 
before patient safety

Does mortality of the aged increase 
with the number of falls? Results 
from a nine-year follow-up study 
(Sylliaas et al., 2009)

2009

- The aim was to examine the predictive 
effect of prospectively registered falls on 
survival within a randomly selected group of 
elderly women. A longitudinal study, with 9 
years follows up after 1year prospective fall 
registration was designed.

- Older fallers appear to have 
markedly increased mortality. 
Since falls are common among 
elderly people, this is a relevant 
fact for public health policy. 
Increasing age, poor self-rated 
health and high frequency of falls 
predict independently mortality in 
our 9 years follow up study

Medical findings in an 
interdisciplinary geriatric outpatient 
clinic specialising in falls (Smebye 
et al., 2014)

2014

- At present there are few outpatient clinics in 
Norway specialising in falls, and no data from 
such studies have yet been published. 
- The information stems from 111 patients 
at the Fallpoliklinikken, Oslo University 
Hospital, from its establishment in 2008 
until 2011. An interdisciplinary study 
was undertaken by a nurse, a doctor and a 
physiotherapist.

- The patient group had a number 
of known risk factors for falls. The 
most frequently identified risk 
factors included orthostatism (26 
of 110 patients, 24%), vitamin D 
deficiency (14 of 79 patients, 18%) 
and carotid sinus hypersensitivity 
(6 of 55 patients examined, 11%) 
- Falls among elderly people have 
varying and complex causes and a 
serious underlying pathology may 
manifest itself as a tendency to fall. 
This testifies to the importance of 
a thorough interdisciplinary study 
of falls.
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One-to-One and Group-Based 
Teleconferencing for Falls 
Rehabilitation: Usability, 
Acceptability, and Feasibility Study 
(Hawley-Hague et al., 2021)

2021

- The study hypothesis is that teleconferencing 
could enable health professionals to support 
patients more frequently, which is important 
in fostering exercise behavior. 
Several European countries besides Norway 
participate.

- Teleconferencing as a way 
of delivering fall prevention 
interventions can be acceptable to 
older adults, patients, and health 
care professionals if it works 
effectively. Connectivity, where 
there is no Wi-Fi provision, is one 
of the largest issues. Therefore, 
local infrastructure needs to be 
improved. A larger usability study 
is required to establish whether 
better equipment for delivery 
improves usability.

Validation of the Falls Efficacy 
Scale-International in fall-prone 
older persons (Jorunn Laegdheim 
Helbostad et al., 2009)

2010

- The aim of this study was to test the 
psychometric properties of the Norwegian 
version of the 16-item Fall Efficacy Scale-
International (FES-I) in samples of fall-prone 
older home-dwelling persons recruited from 
the health care system and to assess if the 
seven-item FES-I has the same properties as 
the 16-item FES-I in these samples.

- The psychometric properties of 
the FES-I scale in samples of fall-
prone older persons are good. 
-The seven-item FES-I has the 
same psychometric properties 
and discriminatory power as the 
original 16-item FES-I. 
-Despite lower function, the 
Norwegian sample scored lower 
at fear of falling than what is 
reported in previous studies.

Do behavioral disturbances predict 
falls among nursing home residents? 
(Sylliaas et al., 2012)

2012

- The purpose of the study was to examine 
whether severity of dementia, behavioral and 
psychological symptoms and depression can 
predict falls among nursing home residents, 
such as demographic variables, activities of 
daily living, and use of psychotropic drugs, 
when potential confounders are controlled for 
- 1147 nursing home residents were examined 
in this one-year follow-up study. 
- All residents were examined with the 
Physical Self-Maintenance scale (Activities 
of Daily Living - ADL), Clinical Dementia 
Rating Scale (CDR), Neuropsychiatric 
Inventory (NPI) and Cornell Scale for 
Depression in Dementia.

Having a high NPI score was 
identified as a significant and 
independent predictor of falls.

Risk of hip fracture in protected and 
unprotected falls in nursing homes in 
Norway (Forsén et al., 2004)

2004

-The study aim was to compare the probability 
of hip fracture in protected and unprotected 
falls in a real world setting in nursing homes. 
- Observational study.

- The odds of suffering a hip 
fracture for nursing home high 
risk residents was reduced to 
less than a third in protected falls 
compared with unprotected falls. 
Or, in other words, the odds of hip 
fracture showed a 69% reduction 
in protected falls compared with 
unprotected falls.
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Seasonal variations in incidence 
of fractures among elderly people 
(Bulajic-Kopjar, 2000)

2000

The study aim was to investigate seasonal 
variations in the incidence of fall related 
fractures among people 65 years and older. 
- A prospective, population-based cohort 
study was performed on people aged 65 years 
and older followed up from 1990 to 1997, a 
total of 459,904 person year.

- Season affects the incidence of 
all types of fractures in elderly 
people. Slipping on ice and snow 
seems to be a causal mechanism 
behind the seasonal effect. 
Preventive measures targeting 
this causal mechanism are likely 
targeting this causal mechanism 
are likely to reduce the risk 
of fracture, but the size of the 
effect is difficult to estimate with 
certainty.

Effects of home exercises and group 
training on functional abilities in 
home-dwelling older persons with 
mobility and balance problems. 
A randomized study(Jorunn L. 
Helbostad et al., 2004)

2004

- The study hypothesis was that exercise in 
older people may reduce falls and improve 
functional abilities. Less is known about the 
optimal amount of training. The aim of this 
study was to determine the effectiveness of 
home training, and whether group training in 
addition to home training enhances the effect. 
- This randomized trial included 77 persons 
aged 75 years and older (mean 81, SD 4.5), 
living at home. 
- Home training (HT) comprised twice-daily 
functional balance and strength exercises and 
3 group meetings. Combined training (CT) 
included group training twice weekly and the 
same home exercises.

- Daily home training supervised 
by physical therapists improved 
functional abilities. Supplementary 
individualized group training gave 
no additional effect. The effect on 
function was not present 6 months 
after the end of the intervention.

[Prevention of femoral n meck 
fractures in the Stovner district of 
Oslo] (Steihaug et al., 1998)

1998

- By collecting data on hip fractures among 
people over 66 years of age in the Stovner 
district of Oslo, it was possible to evaluate 
a programme to prevent fall accidents in the 
elderly population. -
-The programme has several approaches. It 
includes information for both the elderly and 
the personnel working with them on accident 
risk factors and identification and removal of 
risk factors at home.

- The incidence of hip fractures 
among those over 66 years of 
age in the Stovner district was 
reduced from 30/1,000 in 1990 
to 16/1,000 in 1996. There was 
a significant downward trend 
during the whole period (p < 
0.001). A similar reduction was 
not seen for the rest of Oslo. 
We believe that the programme 
has contributed to reducing the 
number of hip fractures. However, 
as several approaches were tried 
simultaneously, it is difficult to 
decide whether one particular 
approach was more efficient than 
the others.

Table 3. Continued

Table 4. Fall prevention smartphone and gamification in Norway 2010-2021

Topic Year Approach/Notes Outcome

An Augmented Reality Game 
for Helping Elderly to Perform 
Physical Exercises at Home 
(Nishchyk et al., n.d.)

2020

-Goal of the research is to demonstrate how 
augmented reality game, specifically developed 
for our target group, could help elderly to 
perform physical exercises, improve their health 
conditions and, as a result, prevent from falls.

-The results of the first prototype 
testing have shown that the game has 
potential to achieve the goal of the 
research. 
- It is planned to involve more users 
in next user testing iterations.
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Nordic Ambient Assisted Living: 
Welfare technologies for active 
and independent living at home 
(Finnsson, 2019)

2019

-These are technologies and welfare services 
developed in the Nordic Region, which enable 
the elderly to lead an independent life in their 
own home for a longer duration. 
-Nordic countries participate.

This white paper is based on input 
from more than 70 interviewees 
working within health and care 
provision, research and technology 
development in the Nordic Region.

Exergaming in Older Adults: 
Movement Characteristics While 
Playing Stepping Games (Skjæret-
Maroni et al., 2016)

2016

- Exercise interventions with focus on 
performing appropriate, rapid, timed, and 
well-directed steps have a valuable role in 
interventions and rehabilitation for older adults, 
and it has been found that both reactive and 
volitional stepping interventions reduce falls 
among older adults by approximately 50%. 
-The aim of the current study was to investigate 
whether game and game level affect older adults’ 
stepping and upper body movements while 
playing stepping exergames. 
-A 3D-motion capture experiment was performed 
with 20 elderly (12 women and 8 men; age range 
65–90 years), playing two exergames, The Mole 
from SilverFit and LightRace in YourShape: 
Fitness Evolved, on two difficulty levels.

- Even with only two games, two 
levels, and five trials at each, this 
study indicates that the choice of 
exergame is not indifferent when 
aiming to exercise specific functions 
in older adults and that exergames 
need to be chosen and designed 
carefully based on the goals of the 
intervention.

Assessing Seniors’ User 
Experience (UX) of Exergames 
for Balance Training (Nawaz et 
al., 2014)

2014

- In order to make the games suitable for keeping 
older people healthy and independent and 
prevent functional decline and falls, there is a 
need for games that work on improving balance. 
- However, little is known about seniors’ user 
experience of exergame technology for balance 
training and what factors they consider most 
important for using the exergames. 
-This study aims to evaluate user experience and 
preferences of exergame technologies to train 
balance and to identify different factors that 
affect seniors’ intention to use exergames 
- Assesses exergame: The first exergame, Dance 
Dance Revolution (DDR), is an interactive 
game produced by Konami Corporation that 
can be played on several consoles, such as Sony 
PlayStation, Microsoft Xbox, Nintendo Wii, as 
well as on a PC

- The results of the study showed 
that in order for seniors to use 
exergames to train their balance, 
the exergames should particularly 
focus on challenging tasks, provide 
feedback on quality of movement, 
and provide setup support. 
Furthermore, healthy seniors did not 
consider safety to be a concern when 
playing exergames.

Twelve Ways to Reach for a Star: 
Player Movement Strategies 
in a Whole-Body Exergame 
(Subramanian et al., 2019)

2019

- This paper describes findings from a 
laboratory-based assessment of a balance-
training exergame developed by the authors. The 
exergame was designed to elicit specific body 
movements during gameplay involving weight-
shift (transfer of body weight from one foot to 
the other), which is considered beneficial for 
training balance

- Regarding balance-training 
exergames, our findings suggest 
that designers need worry less about 
“puppeteering” able-bodied players 
with a strict choreography to elicit 
specific body movements. Instead 
we recommend that designers 
embrace a less rigid design 
approach, where the goal is to elicit 
desired movement characteristics 
(e.g., weight-shift) through a more 
open and playful behavior

Table 4. Continued
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Topic Year Approach/Notes Outcome

Design and development of a 
inertial sensor based exergame 
for recovery-step training VR 
exergame taxonomies and real-
time step detection in all directions 
(Bourke et al., 2014)

2014

-Through incorporating stepping movements 
into the game play of a VR based exergame, it 
is envisaged that older adults can reduce their 
fall-risk by training their balance recovery 
stepping movements in all directions. This type 
of exercise intervention thus presents a reliable 
structured way of reducing fall-risk. 
- A total of 14 older adults each played three 
different off-the-shelf stepping games: ”the 
Mole” from SilverFit, ”Your Shape Light Race” 
from Xbox Kinect, and a revised version of 
Dance Dance Revolution from PlayStation. 
Silverfit’s “the Mole” is specifically designed for 
use by older people in rehabilitation settings. 
- A pilot usability test was conducted in NSEP’s 
usability laboratory in Trondheim.

- A step detection algorithm capable 
of detecting steps in 8 equally 
spaced directions was developed. 
- This algorithm will allow for 
robust detection of stepping 
movements in stepping exergame for 
fall prevention

The Move Maker – Exploring 
Bodily Preconditions and 
Surrounding Conditions for Bodily 
Interactive Play(Matjeka, 2020)

2020

- Move Maker is designed for elderly people to 
play with their grandchildren (through a suite of 
ready to play minigames) and for designers and 
physiotherapists wanting to explore and develop 
novel bodily play construction 
- The practical foundation for the game 
development is a set of exercises developed by 
physiotherapists especially for fall prevention

- Move Maker is a suite of 
movement-based games with a 
potential of challenging the players’ 
movement abilities while at the same 
time offering a system to explore 
and develop novel bodily play 
constructions.

Older adults’ experiences with 
mHealth for fall prevention 
exercise: usability and promotion 
of behavior change strategies 
(Arkkukangas et al., 2020)

2020

- In 2017, researchers from Sweden and Norway 
started a project that collaborated with older 
adults and physiotherapists to develop and 
evaluate the usability of a mobile application 
for smart phones and tablets customized to 
support fall prevention exercises based on the 
evidence based OEP. The development of the 
application included workshops where designers, 
researchers, older adults, and physiotherapists 
collaborated. This study was part of the ongoing 
development of the first application prototype in 
the development process 
- The aim was to explore older persons’ 
experiences of a mobile application for fall 
prevention exercise, and to identify what possible 
behavior change techniques to include in the 
further development of the application

- With support, an application 
could be adapted for older adults 
to manage, motivate, and adhere 
to fall prevention exercise. To 
achieve long-term adherence to 
health behavior changes, behavior 
change strategies and techniques 
are recommended to be included 
in further development of the fall 
prevention application.

Designing a safety reporting 
smartphone application to improve 
patient safety after total hip 
arthroplasty (Krumsvik OA, Babic 
A, 2017)

2017

SafeTHA is a self-reporting mobile application 
that aims to detect and reduce adverse events 
that may result after postoperative total hip 
arthroplasty. The application encourages self-
reporting among postoperative patients thorough 
their rehabilitation process.

Patients are able to report on areas 
such as level of pain, anxiety and 
mobility, which promotes awareness 
of current post-surgery status of a 
patient.

Pharmacovigilance mobile tool 
design in the field of arhroplasty 
(Åserød H, Babic A, 2017)

2017

Pharmacovigilance Mobile Tool was developed 
with the aim of improving pharmacovigilance in 
arthroplasty. 
It is concerned with the safety of medical devices 
and treatments in the light of understanding the 
risks and dangers based on the already reported 
safety issues.

The tool enables users to explore 
several information sources such 
as Internet resources such as the 
Manufacturer And User Facility 
Device Experience (MAUDE) web-
site, clinical trials, PubMed, and 
local safety databases.
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CONCLUSION

There are numerous solutions in the fall prevention programs, that are often multidisciplinary which is in 
line with the expectations of the Norwegian Directorate. Information and computer-based solutions are 
complementary to already existing and well-established fall prevention programs. The future is likely to 
bring more integrated and systematic fall prevention routines based on the current state of development.
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ABSTRACT

Falls remain the leading cause of intentional and unintentional injuries worldwide. On average, 80% of 
the cases are said to originate from low and middle developing countries. The raising concerns are that 
a great number of children and elderlies above the age of 65 are the most affected. Falls are one of the 
most serious health risks especially for older adults and children in Namibia. The implications of falls 
on public health practice are that approximately half of older adults do not discuss their fall incidents 
with healthcare providers. The aim of this chapter is, therefore, to define the concept falls focusing in 
the Namibian context and outlining the causes, highlighting the most vulnerable groups, and identifying 
the preventive measures.

INTRODUCTION

According to World Health Organization (WHO) (2020) a fall is defined as an event which results in a 
person coming to rest inadvertently on the ground or floor or other lower level. Falls raised from 29.0 
million in 2014 to about 37.3 million falls in 2020 that require medical attention in 2020 (WHO 2020; 
Berger, Stevens, & Burns 2014). Falls are the second leading cause of accidental or unintentional injury 
or deaths worldwide. Dejectedly, of 646 000 persons succumbing to falls, 80% of the cases are said to 
originate from low and middle developing countries. The raising concerns are that a great number of 
children and elderlies above the age of 65 are mostly the most affected.
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Although in China, most falls are non-fatal, for every death due to a fall, there are 4 cases of perma-
nent disability, 13 cases requiring hospitalization for more than 10 days or missing work/school. In 2014, 
28.7% of older adults reported falling at least once in the preceding 12 months while about 20–30% of 
older people who fall suffer moderate to severe injuries such as bruises, hip fractures, or head trauma 
(Berger, Stevens, & Burns 2014; WHO 2020).

The costs implications from fall-related injuries are increasing exponentially, especially among aged 
persons above 65 years. On average health system cost in Finland and Australia per inured person cost 
US$ 3611 and US$ 1049 respectively. Some studies suggest that the implementation of effective preven-
tion strategies can bring about 20% reduction in the incidence of falls among children under 10 years of 
age and could results in net savings of over US$ 120 million each year.

The implications of falls on public health practice is that approximately half of older adults do not 
discuss their fall incidents with health care providers. Annual medical costs for older adult falls have 
been estimated to cost about $31.3 billion a year this is beside that the older adult population is expected 
to increase 55% by 2030. Fall and fall injuries are likely to raise to 48.8 million and 11.9 million respec-
tively by the year 2030 unless effective interventions are implemented in the United State of America 
alone. Knowing that 80% of falls occur in low and middle countries, it is important for middle income 
countries like Namibia to implement preventable strategies and encourage both health care providers 
and individuals to play an important role in fall prevention.

BACKGROUND OF FALLS AND FALL INJURIES IN NAMIBIA

Falls are one of the most serious health risks especially for older adults and children in Namibia. Falls 
are not only the leading cause of injury-related deaths, but are also a significant cause of disability and 
constitute about 10% of all emergence cases and more than half of injury-related hospitalizations in Na-
mibia (Bio kinetics Association of Namibia, 2015). Approximately one in three older adults falls each 
year. As the number of older adults is estimated to increase rapidly over the next decade, the annual 
cost for fall-related injuries is expected to skyrocket, reaching $44 billion by 2020. Although most falls 
don’t result in severe physical injuries, a fall or near-fall often produces a psychological fear of falling. 
This contributes to a self-imposed decrease in activity, followed by functional declines and a greater 
risk for falls.

According to Hartman (2015) falls occur both at home and hospitals due to the absence of frail care 
policy in Namibian. The state is not obliged to care for the frail patients and the responsibility to care 
for frail patients is left to the family or individual to fork huge sum of money to pay private frail centers/
old age homes or to hire a nurse to look after them in the comfort of their homes. As common to many 
other aged persons, most elderlies in Namibia are not only faced with physical degeneration, but also 
the mental dimensions that interfere with daily life activities. Many families have no money to pay for 
private old age homes and many your Namibian youth migrate to towns in seek for employment. Elderly 
persons complains of feeling neglected by the hospitals because they are old, even though to an extent the 
lack of affordable frail centers has worsen the situation. The feeling of neglect, diminished physical and 
mental abilities put the elderlies to risks of falls. A lot of elderly succumbed injuries sustained during falls.

Coming from apartheid dispensation especially for white elderly in public hospitals become in-
timidating, as a person is left to the mercy of black nurse. Namibia is characterized by diverse cultures 
with more than 15 spoken languages. Communication barriers in hospital setting contributes to falls 
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and related injuries. Furthermore, for a number of years injury is the fifth leading cause of morbidity 
in all age groups. Despite the lack of data on falls in Namibia, Madiba & Hoque (2011) noted lack of 
public education on injury prevention. Lack of data further made it difficult for the public officials to 
recognize falls and fall injuries as a serious public health problem. This chapter provides the prevention 
strategies focusing on education, training, creating safer environments, prioritizing fall-related research 
and establishing effective policies to reduce fall risks.

Risk Groups

The severity of falls is associated with the age, gender and health of the individual as discussed below:

Age

Age is found to be one of the key risk factors for falls. The risk of falls increase with age, and those 
aged 65 years and above stand a highest risk of sustaining serious falls and falls. This risk level may 
be in part due to physical, sensory, and cognitive changes associated with ageing, in combination with 
environments that are not adapted for an aging population.

Another high risk group is children largely associated with their evolving developmental stages, 
innate curiosity in their surroundings, and increasing levels of independence associated with risk tak-
ing behaviours. Falls in children can also be attributed to inadequate adult supervision related to many 
factors such as, poverty, sole parenthood, and living in hazardous environments. falls in older adults are 
perceived to as unpredictable and unavoidable accidents, pending the identification of the factors con-
tributing and appropriate interventions can dramatically lessen the risk of a fall. In many cases, falls are 
caused by a loss of balance or failing to maintain the body’s center of gravity (COG). The two types of 
balance include static balance, which refer to the ability to control postural sway during quiet standing 
while dynamic balance is the ability to react to changes in balance and to anticipate changes as the body 
moves during walking or stepping over. The ability to balance is controlled by the sensory, muscular 
and motor systems. The three most influential sensory systems controlling balance are the visual, ves-
tibular and somatosensory systems which diminish with advancing age. Understanding these systems is 
essential to providing exercise programs that target balance for older adults. The visual system provide 
information about the environment, the location of the person and the direction and speed of the person’s 
movement in the environment. The visual acuity, depth perception, peripheral field and sensitivity to low 
spatial frequencies decrease with age leading to elderly inability to use visual cues to control balance.

The vestibular system, located in the ears, provides information about movement of the head, indepen-
dent of visual cues. The otoliths, assist in detecting the degree of head movement in relation to gravity 
while the fluid-filled semicircular canals with its three half circles positioned in three different planes 
trigger receptors that send information to the brain as the head moves. The vestibular neurons start to 
decrease in number and size at the age 40 years resulting in various impairments including dizziness.

The somatosensory system provides information about the body’s position and contact from the skin 
through pressure, vibration and tactile sensors, as well as joint and muscle activities. Skin sensation via 
tactile, vibration and pressure sensors reduce with increasing age. Lack of input from tactile, pressure 
and vibration receptors makes it difficult to stand or walk and detect any change of heel-to-toe body 
weight, a vital aspect in maintaining balance (Biokinetics Association of Namibia 2015).
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Gender

While falls affect both male and females, males regularly suffer a higher death rate of falls. This is at-
tributed to the greater burden seen among males displaying higher levels of risk-taking behaviours and 
hazards within occupations. The females and children generally suffer more non-fatal falls.

Nocturnal Toileting Persons

The findings from a single-center retrospective study by Charnow (2020) at Ghent University hospital, 
found 125 (28%) of 447 reported incident falls in 2015 to be associated with nocturnal toileting.

Most of the reported incident fall cases involved 74 cases at Geriatric department, 55 at Rehabilitation 
center, 34 at Gastroenterology department, 30 at Hematology department, and 30 at neurology depart-
ment. Of these 447 falls, 242 (54%) occurred from 8:00 p.m. to 7:59 a.m. The most reported mechanisms 
of fall included 26% cases due to loss of balance while slipping accounted for 25%. Of all falls 42% 
sustained injuries while 58% suffered no injuries from their falls. Despite the alarming number of 28% 
fatalities associated with nocturnal falls in 2015, the report noted that about 20% to 25% fall incidents 
are not reported in incident reports.

Charnow (2020) concluded that beside that urine production in healthy individuals is lower at night-
time compared with daytime, it would be expected that lower prevalence of falls were expected at night 
than day time. On the contrary, the study showed that the majority of falls associated with toileting 
happened at night-time (76%) as compared to day time (24%).

Other risk factors include:

• alcohol or substance usage
• Working at heights or other hazardous working conditions;
• socioeconomic factors including poverty, overcrowded housing, sole parenthood, young maternal 

age;
• underlying medical conditions, such as neurological, cardiac or other disabling conditions;
• side effects of medication, physical inactivity and loss of balance, particularly among older people;
• poor mobility, cognition, and vision, particularly among those living in an institution, such as a 

nursing home or chronic care facility;
• unsafe environments, particularly for those with poor balance and limited vision.

Figure 1. Falls
Source: Wisconsin Department of Health Services (2020)
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• Postural hypotension

Prevention

Research focusing on the burden of falls, exploring risk factors, effective prevention strategies along 
with the training of health care providers and the education of individuals and communities to build 
risk awareness should be prioritized. Furthermore, strategies for falls must be supported by policies that 
create safer environments and reduce risk factors.

The effective fall prevention strategies aiming to reduce the number, the rate and the severity of injury 
for older individuals, include a number of components to identify and modify risks as follow (WHO 
2020; Berger, Stevens, & Burns 2014; Biokinetics Association of Namibia 2015):

• screening within living environments for risks for falls;
• Clinical interventions to identify risk factors, including medication review and modification, treat-

ment of low blood pressure, vitamin D and calcium supplementation, treatment of correctable 
visual impairment;

• Home assessment and environmental modification for those with risk factors or history of falling;
• Affordability and prescription of appropriate assistive devices to address physical and sensory 

impairments;
• Muscle strengthening and balance retraining prescribed by a trained health professional;
• Community-based group programmes which may incorporate fall prevention education and Tai 

Chi-type exercises or dynamic balance and strength training;
• Use of hip protectors for those at risk of a hip fracture related to a falls.
• Set the brakes of the wheel chair when sitting or standing up. 

The effective interventions for children include multifaceted community programmes; production 
modifications of nursery furniture, playground equipment and legislation for the use of window guards, 
guard rails/gates, house to house fall programmes. Equally, mass public education campaigns, and basic 
life support/first aid training of individuals should be provided.

Figure 2. Fall prevention
Sources: Pegalis law group, llc & EBSCO 2020
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CHALLENGES ASSOCIATED WITH FALLS AND FALL INJURIES IN NAMIBIA

• Inadequate hospices to keep older persons and those in their stage of dying.
• Namibia recorded 32.4% increase of fall injuries in the construction industry by 2017. Of these 

21.6% included fatalities, amputations and lacerations requiring emergency treatment
• Only 36% of the Namibian citizens are covered by Public Service Employees Medical Aid Scheme 

(PSEMAS) or private medical insurances, the rest of 64% are the vulnerable groups being the un-
employed persons and must pay medical care out of pocket (OOP) (MoHSS 2017).

SOLUTIONS AND RECOMMENDATIONS

1. Consult Your Doctor

Your doctor can assess your risk of falls by reviewing your medications for side effects and interactions. 
To help with fall prevention, your doctor may replace medications with sedative effects or those that 
affects your thinking, concentrations.

2. Exercise

Exercises have great benefits in maintaining you’re your body strength, flexibility, coordination and 
balance. Start with gentle movements or workout like dancing, jogging before increasing to medium 
and high level exercises that demand a balance body.

3. Wear Comfortable Shoes

Avoid high heels, floppy slippers and shoes with smooth soles. Have well-fitting and workable shoes to 
prevent falls and reduce joint pain.

4. Assess and Remove Home Hazards

Ensure that your home environment is free of hazards by:

• Remove, plastics, newspapers, electrical cords and phone cords from walkways.
• Move chairs, tables from high-traffic areas.
• Cover the slippery tiles in the house with nonslip mats and avoid walking on wet floors.
• Store clothing, dishes, food and other necessities within easy reach.
• Immediately clean spilled liquids, grease or food.
• Use nonslip mats in your bathtub or shower. A bath allow you to sit, while showering.

5. Have Sufficient Light in the House

Ensure you have bright light in the house to avoid tripping on objects, also:
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• Place night lights in your bedroom and bathrooms.
• Have a lamp within reach for night needs.
• Put on the on the lights before getting up or walking the stairs.
• Keep battery touches for use during power outages.

FUTURE RESEARCH DIRECTIONS AND CONCLUSION

Falls of the elderly may results in serious physical injuries or psychological health problems. It is widely 
found that most of the falls in all age groups are caused by multiple factors. It is important to identify 
the associated risk factors to find suitable preventative actions. The success of falling prevention is as-
sociated with multifactorial interventions with special consideration of the physical exercises and child 
supervision.
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KEY TERMS AND DEFINITIONS

Challenges: A situation needing great mental or physical effort in order to be done successfully, or 
the situation that require great effort (Online Cambridge dictionary, 2021).

Falls: WHO (2018) define a fall as an event which subsequently cause a person to come to rest in-
advertently on the ground or floor or other lower level.

Injuries: An injury refers to a damage body tissue caused by the absence energy transfer or energy 
produced by energy exchanges that have relatively sudden discernible effects (Langley & Brenner, 2004).

Risks: The possibility of something bad or dangerous happening (Online Cambridge dictionary, 2021).
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ABSTRACT

Given health and health economy assessments, a common assessment framework for active and healthy 
ageing (CAFAHA) is ideally desirable, even if not yet fully feasible, given the activities developed within 
European Innovation Partnership for Active and Healthy Ageing (EIP on AHA) since 2012, now moving 
into its subsequent framework on healthy ageing. However, as there is diversity with respect to maturity 
in regions, in order to fully develop prevention practices and campaigns, assets as part of maturity need 
to be defined more clearly.

EIP ON AHA AND ITS ACTION GROUPS

The Strategic Implementation Plan of the European Innovation Partnership on Active and Healthy Ageing 
(EIP on AHA) proposed six Action Groups, one of which being Action Group A2 on Falls Prevention. 
Action Group A2 has been active since 2012, and work has been implemented in accordance with the 
Action Groups’ Renovated Action Plans (2016-2018, 2018-2020). The outcomes and impact of syner-
gies are using the Monitoring and Assessment Framework for the EIP on AHA (MAFEIP). Synergies 
between action groups (Bousquet et al, 2016) have been cross-cutting in overarching domains involving 
falls, frailty, and integrated care.

The main objective of the Action Group A2 remains focused on the contribution to foster innovation 
in personal health management through validated programmes and good practices for early diagnosis 
and preventive measures (including health promotion), with falls prevention as a first use case. A2 now 
also clearly underlines the need to prevent falls rather than just aiming to help and advise organisations 
on their efforts to create procedures to implement practices targeting the prevention of falls.
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Integrated, interdisciplinary and inter-professional education for all stakeholders is needed to tackle 
the interrelated syndrome of frailty, malnutrition, falls, chronic diseases and their social consequences. 
It is important to continue to educate seniors, health and social carers and entrepreneurs with focus on 
falls prevention. The general objective will remain to be the development of an innovative, dynamic and 
sustainable care system for AHA through capacity building using senior/patient-centred, multidisciplinary 
and inter-professional educational programmes aimed at patients, patient caregivers (both formal and 
informal), health and social carers, administrators and entrepreneurs.

Falls prevention activities continue to support country and regional ambitions in falls prevention, 
including both the development of new prevention programmes as well as the implementation of existing 
ones. Countries and regions include Ireland, Finland, Scotland, Algarve (Portugal), Campania (Italy), 
Styria (Austria), Västerbotten (Sweden) and cooperation has been established in many other countries 
and regions. There is cooperation also with organisations and societies including the European Geriatric 
Medicine Society (EuGMS) and its working groups and task forces.

The Action Group A2 Action Plan continued to emphasise activities also appearing within the Syner-
gies Task Force (Bousquet et al, 2016):

i.  Good practices and integrated care supported by the information and process model
ii.  Fall risk increasing drugs and the development of guidelines for their withdrawal
iii.  Maturity and assets
iv.  Education

Practices are processes and pathways, characterised by their information content. Personalised care 
and prevention require a personalised condition and functioning assessment, i.e., health assessment, 
as a basis for intervention and prevention. In the case of Action Group A2 this implies a focus on falls 
and fall related injuries and their prevention. This represents the bottom-up view on assessment, which 
indeed is personalised and functioning oriented. The A2 Information & Process model was initiated for 
Ireland and Scotland in 2016 and was extended during 2016-2018 with more focus on process modelling. 
During 2018-2020, information modelling including health and risk assessment, will become further 
strengthened.

Regarding risk assessment (involving postural control, medical conditions, drugs, psychology, mood 
and environmental aspects) fall risk increasing drugs (FRID) [de Vries, 2018; Seppälä, 2018a; Seppälä, 
2018b] have received special and detailed attention. They have been recognised within the Synergies 
Task Force and within the EUGMS Task and Finish Group on fall-risk-increasing drugs, in cooperation 
with Action Group A2.

AWARENESS, INTEREST, DESIRE, ACTION

National, regional and municipal level.prevention will to go through AIDA stages including awareness-
interest-desire-action, before a stakeholder wide service provision program, including its various tools 
and support systems, is ready for installation and training.

E. St. Elmo Lewis proposed the AIDA model in 1898, thereby pioneering the AIDA marketing model 
for advertising and sales.
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The mission of an advertisement is to attract a reader [awareness], so that he will look at the adver-
tisement and start to read it; then to interest him [interest], so that he will continue to read it; then to 
convince him, so that when he has read it he will believe it [desire]. If an advertisement contains these 
three qualities of success, it is a successful advertisement [when eventually leading to action]. (St. Elmo 
Lewis, 1903(

For more detail and historical perspective on the AIDA funnel (see Barry, 2012; Strong, 1925; Shel-
don, 1911).

Within attention, key professionals representing National, regional and municipal level prevention 
will to go through AIDA stages including awareness-interest-desire-action, before a stakeholder wide 
service provision program, including its various tools and support systems, is ready for installation and 
training. Within attention, key professionals representing a broad range of care as provided in facilities, 
recognize their ideal Key Performance Indexes with a reasonable degree of ontological accuracy. This 
enables a subsequent mapping of the anticipated “KPI+Ontology” into the information and knowledge 
structures as already existing within the national, regional or municipal care functionality. At this point, 
and given the requirement that information must be shared and “moved around”, such working groups 
will realize the need of in the end being web-based information collection and management, and fur-
ther being oriented towards care processes and intervention guidelines. When moving into the interest 
stage, inevitable questions like “Why are we really doing this?” turn up, and formulations of answers 
are then enabled by the “Language” developed during the ontologically oriented discussions on indica-
tors, concepts and nomenclatures. By-passing the attention stage will only lead to verbose formulations 

Figure 1. The AIDA funnel
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of the WHY, and responses to that question will be rather shallow. This is then counteractive and will 
not at all promote the shift into the desire phase. Enthusiasm may appear among some policy-makers, 
but professionals remain sceptic. However, a successful interest stage is supported by a careful inspec-
tion and use of a DEMONSTRATOR, which will raise expectations of impact and also reveal possible 
needs for care organization enrichment. Once at the desire stage, the organization has enriched the ‘lan-
guage’, and is now able to provide accurate modelling and cost-benefit analysis. External providers are 
also able to arrive at more accurate business models, which in the end support procurement processes. 
Internal commitments are natural next steps, and furthermore, this also opens up a potential of invest-
ing in service provision repositories, or participating in external efforts of providing regional or even 
national repositories. Actions to be taken towards installation and training must be preceded by detailed 
and sometimes rather painful identification of possible unsatisfactory or simply lacking ICT solutions 
and infrastructures.

The region or unit as a whole, and also each individual professional within that organization, will go 
through ‘AIDA’ stages including awareness, interest, desire and action, before an organization wide fall 
prevention program, including its various tools and support systems, is ready for installation and training.

In efforts to arrive at purchase and procurement, awareness raising will not suffice. However, the more 
awareness we have, the more interest we will see among those aware. Clearly, we will not see interest, if 
there is no awareness. This is the fundamental first step in AIDA funnel. Those interested still don’t buy, 
so there is still no economic impact just because of interest. There is a potential impact, but no financial 
impact. Among those interested, campaigning aims at bring as as many as possible to reach a desire to 
use and procure. However, desire only is not enough, even if it brings closer to purchase as compared 
to awareness and interest. It is only the final action that returns the investment.

The AIDA model helps to understand the the effect of campaigning. If the funnel narrows down too 
much, then the impact in the end is small. Terefore the aim in campaigning is to bring over as many as 
possible to the next levels in this funnel. Needless to say, those remaining or getting stuck, for whatever 
reason, on some level, should not be forgotten. On the contrary, a campaign concentrates on all levels 
at the same time, and indeed on securing transitions between them.

This then has bearing on the logical form and granularity of the value proposition, as it obviously 
must change on different levels. The Business Model Canvas does not embrace this approach, as the 
Canvas assumes that the value proposition is a fixpoint that remains in its original form over the whole 
range of the AIDA funnel.

Understanding the AIDA funnel is important as a prerequisite for disseminating the information infra-
structure and the scaling up as supported by the guideline for fall prevention implementation in regions.

Within awareness/attention, key professionals representing a broad range of care as provided in facili-
ties, recognize their ideal ‘maximum datasets’ with a reasonable degree of ontological accuracy. This 
enables a subsequent mapping of the anticipated ‘minimum dataset’ into the information and knowledge 
structures as already existing within the regional care functionality. At this point, and given the require-
ment that information must be shared and “moved around”, such working groups will realize the need of 
in the end being web-based information collection and management, and further being oriented towards 
care processes and intervention guidelines.

When moving into the interest stage, inevitable questions like “Why are we really doing this?” turn 
up, and formulations of answers are then enabled by the “Language of Fall” developed during the onto-
logically oriented discussions on maximum and anticipated minimum datasets. By-passing the attention 
stage will only lead to verbose formulations of the WHY, and responses to that question will be rather 
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shallow. This is then counteractive and will not at all promote the shift into the desire phase. Enthusiasm 
may appear among some policy-makers, but professionals remain skeptic. However, a successful interest 
stage is supported by a careful inspection and use of a DEMONSTRATOR, which will raise expectations 
of impact and also reveal possible needs for care organization enrichment.

Once at the desire stage, the organization has enriched the ‘language’, and is now able to number the 
demographic changes with information types appearing in the maximum set and the overall “Language 
of Fall”. More accurate socio-economic modelling, combining economy as explained by the cost of 
resources, are now feasible, and policy-making is easier to execute. External providers are also able 
to arrive at more accurate business models, which in the end support procurement processes. Internal 
commitments are natural next steps, and furthermore, this also opens up a potential of investing in a fall 
prevention repository, or participating in external efforts of providing regional or even national repositories.

Actions to be taken towards installation and training must be preceded by detailed and sometimes 
rather painful identification of possible unsatisfactory or simply lacking ICT solutions and infrastructures.

Figure 2. The AIDA model representing the flow from initial service solution promotion to final installation
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IMPLEMENTING FALLS PREVENTION CAMPAIGNS

General objectives of falls prevention:

• To make available relevant knowledge, procedures and evidence on specific falls prevention pro-
grammes and related good practices. To scale up fall prevention and fall injury prevention initia-
tives from local pilot studies to a practical and feasible pan-European programme including all 
stakeholders, where scaling-up takes into consideration the maturity of regional and local care 
integrations and pathways.

• To understand fall risk, including medical conditions in general with particular focus on fall risk 
increasing drugs and related interventions. This includes consider deprescribing of FRIDs (with-
drawal and dose reduction) as related to steps in primary prevention through judicious prescribing. 
A2 activities are represented by developments within the European Geriatric Medicine Society 
(EuGMS) Task and Finnish group on FRIDs, collaborating with the EuGMS Special Interest 
Group on Pharmacology and the European Union of Medical Specialists (UEMS)-Geriatric 
Medicine Section.

• To engage in education, in a broad sense, related to falls, fall injuries and fall risk, with particular 
focus on falls prevention, but related to mitigation, recovery, care, and prevention of further falls, 
in situations after falls, not just in situations leading to injuries. This includes the development 
of an innovative, dynamic and sustainable care system for AHA through capacity building using 
senior/patient-centred, multidisciplinary and inter-professional educational programmes aimed at 
patients, patient caregivers (both formal and informal), health and social carers, administrators 
and entrepreneurs.

• To enable digital transformations related to falls prevention activities. This is based on enabling 
relevant stakeholders in the falls field to reach a common understanding and to involve them in 
the adoption of consensus-based procedures, methodologies and standards, where information & 
process models are adopted and further developed. Furthermore, to leverage AG A2 achievements 
by elaborating key information on policy-oriented data on the impact of those innovative practices 
and related digitalisations being implemented in falls prevention, exploiting the opportunities of 
existing parallel or complementary initiatives and international frameworks. This includes ensur-
ing the sustainability of the AG A2 activity by exploiting the assets generated for both public and 
private entities, including policy support, innovation take up and joint research opportunities.

The formulation and content of these general objectives underline the need to prevent falls rather than 
just aiming to help and advise organisations on their efforts to create procedures to implement practices 
targeting the prevention of falls.

We are preventing individuals from falling, so falls prevention campaigns will need to target individuals.
Good practices, based on evidence, come into play, and also in the way they are suitably and effec-

tively integrated into the care and falls prevention processes where the integration of care requires the 
use of a common language and consensus concerning procedures (Fig. 3).

Awareness raising is often based on data material and analytics showing occurrence of falls and injuries.
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Figure 3. The Maturity Model for prevention campaigns

Figure 4. Data, analytics, and dissemination of results
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As an example of such awareness raising, a population-based registration of patients admitted with 
injuries to an emergency department was done in region Västerbotten (Sweden) during 1993-2014. 
There are 220 014 injury events in the repository. In summary, 43% of all cases were fall injuries, 12% 
transportation injuries, and assaults at 4%. There were 23% fractures, of which 40% where hip fractures. 
With increasing age, fracture locations changed from distal to proximal, and from upper to lower extrem-
ity. Notably, fall injuries accounted for 80% of all trauma-related hospital days (Hellström, et al., 2020).

Data in the repository was originally not structured as based on classifications, e.g. like using WHO’s 
Family of International Classifications (Eklund, 2016). However, during later stages of data collection, 
and later on, when other classes of data was merged with the repository, information ontology was con-
sidered and partly implemented, e.g., for encoding disease and drugs.

For classifications of functioning involved multiple-valued scales, algebraic methods (Eklund, et al., 
2014) need to be used e.g. in order to manage computations with missing values.

Results have been published scientifically with many publications over the two decades (for example 
Bergström, et al., 2008). Major findings have been formulated and promoted in promoting in several 
local and national newspapers (e.g. Svensson, et al, 2017). Results have been discussed in dialogue with 
national and regional authorities, in order to establish awareness raising campaigns in cooperation with 
regions and municipalities.

Methodology in analytics considered making use of a wide range of statistical tools and AI techniques, 
the latter as based on well-proven Bayesian, neural and logical approaches (Eklund, 1994; Eklund et 
al, 1995).

Conversion and inclusion of analytics into good practices is non-trivial, but EIP on AHA has shown 
a variety and spectrum of good practices (Illario, et al., 2015, Illario, et al., 2016) in active and healthy 
ageing, both twinned between regions and as upscaled within regions.

Figure 5. Good practices rooted in governance and advocated through social media to the public
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The WHO-WHERE-WHAT-WHY-HOW of falls prevention is in this context very important to specify 
in finest possible granularity. WHO uses WHAT information and WHERE in point of care? WHY is 
all this done, and HOW do we act and communicate? All these ingredients must appear in fine-granular 
detail in order to enable implementation and upscaling, where consistency is prerequisite to increasing 
the pace of local implementations. Who campaigns for awareness raisin, and how? Where and with what 
is interest and desire generated? How and where do we bring older persons to actually act in favour of 
lowering their risk of falling?

Making older people act in favour of their own well-being, as supported and promoted by the sur-
rounding society, requires maturity in analytics, good practices, commonality of language and detailed 
process views for integrated care.

Figure 6. WHO-WHERE-WHAT-WHY-HOW and AIDA

Figure 7. The Healthy Ageing Maturity Model
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The need for having repositories for analytics purposes may in regions be largely understood, but 
regions may remain inactive concerning data gathering. Local activities may be committed to certain 
good practices but the region at large may be only halfway through concerning broader upscaling and 
completion within the region. Broad consensus within regions is very rare, but a necessity for successful 
regionwide prevention campaigning.

Figure 8. Levels of maturity

Figure 9. Examples of maturity
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CONCLUSION

Given health and health economy assessments, a Common Assessment Framework for Active and Healthy 
Ageing (CAFAHA) is ideally desired, even if not yet fully feasible given the activities developed within 
A2 and the EIP on AHA as a whole. However, as there is diversity with respect to maturity in regions 
to fully develop falls prevention practices and campaigns, assets as part of maturity needs to be defined 
more clearly. Some regions may have good portions of data and related analytics, however they differ 
regarding practices and the use of a common language related to processes and information. Other re-
gions are stronger on practices and in local areas, even from viewpoints of integrated care, but may be 
weaker on collecting data to enable analytics for validation and verification. Very few regions, if any, are 
fully matured with respect to analytics, good practices, use of a common language and Integrated Care. 
This requires the need to establish a falls prevention related maturity model, describing the maturity of 
regions in these aspects, supporting them to close gaps and strengthen their long-term approaches to 
falls prevention and other related campaigns. By doing this, the bar will be raised from simply fostering 
innovation in falls prevention to actually preventing and proving it works.

There is diversity with respect to maturity in regions, in order to fully develop prevention practices 
and campaigns, assets as part of maturity needs to be defined more clearly. Some regions may have 
good portions of data and related analytics, no matter how they differ regarding practices and the use 
of a common language related to processes and information. Other regions are stronger on practices 
and in local areas, even from viewpoints of integrated care, but may be weaker on collecting data to 
enable analytics for validation and verification. Very few regions, if any, are fully matured with respect 
to analytics, good practices, use of a common language and Integrated Care. This requires the need to 
establish a prevention related maturity model, describing the maturity of regions in these aspects, sup-
porting them to close gaps and strengthen their long-term approaches to falls prevention and other related 
campaigns. By doing this, actions e.g. within injury prevention in general, and injurious falls prevention 
in particular, will raise the bar from simply fostering innovation in falls prevention to actually prevent-
ing and proving it works. This obviously won’t be achieved quickly, but, for the aim of falls prevention, 
these aspects aim to increase the understanding of maturity that affects the way regions will build up 
and enrich their falls prevention programs.
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KEY TERMS AND DEFINITIONS

Falls Prevention: Preventing falls and injuries caused by falls.
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ABSTRACT

Cooperation and partnership in healthy ageing enhances and enriches the underlying information and 
process models within integrated care. On information, functioning oriented data as part of health and 
social data describes medical conditions and functioning capacity of the older person. Similarly, the 
notion of a good practice, as embracing a conglomerate of guidelines, is also well understood but less 
so in terms of process substance. Process structure granularity is often quite coarse and less formal, 
comparable to process descriptions annotated with clinical guidelines. This chapter describes an al-
gebraic framework for representation of functioning data typically found in contexts of integrated care 
processes in healthy ageing.

INTRODUCTION

Information ontology is mostly relational so epistemological enhancements are required as soon as we 
want to work logically with ontology. In health and social care it has been acknowledged that information 
and process should go hand in hand, so that whenever information or knowledge management system 
modules are used, we should always be aware of the “location” in the process where this information is 
consumed e.g. for documentation purposes or knowledge is applied in decision-making.

Whereas information has been in focus even with less logical considerations, process structures have 
been very little subject to ontology and logical investigation. BPMN (Business Process Modeling No-
tation) has grown to become almost a de facto standard for process modelling when dealing with care 
pathways and integration of care.

On information, we will in this chapter focus on WHO-FIC (World Health Organization - Family 
of International Classification) classifications. We will focus on ICF (International Classification of 
Functioning, Disability and Health), and its generic 5-scale of values.
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We will also show how the 6th and 7th values connected with 5-scale can be interpreted in the context 
of dealing with missing data, and how the extended 6-scale can be connected with algebraic operations 
being able to compute with missing data.

Conventional data analysis using numerical and statistical methods need to handle missing data by 
actually adding values where data is not to be found. Data is added then using some assumptions about 
the data, like in various missing data models (Tseng et al, 2019).

On process and pathways within integrated care, the Who - Where - What - Why - How of preven-
tion is in this context very important to specify in finest possible granularity. Who uses what, i.e., which 
information and where in point of care? Why is all this done, and how do we act and communicate? All 
these ingredients appear in fine-granular detail in order to enable implementation and upscaling, where 
consistency is prerequisite to increasing the pace of local implementations.

INFORMATION AND ITS LOGIC

Two-valuedness in logic is traditional, as it is primarily used in mathematics. A mathematical statement 
is either true or not true. That is the essence of mathematics. However in practical applications, levels 
of certainty, levels of truth, come into play, and we must immediately distinguish truth levels from 
probabilities.

Probability is also fundamentally two-valued in the sense that samples are drawn into sets, and samples 
are either inside sample sets or outside. Membership in sample set cannot be graded beyond two levels, 
because otherwise the machinery of probability theory will not work. This is a fundamental weakness 
of probability theory, and indeed a fundamental weakness of the statistical machinery underlying all of 
evidence-based medicine. Samples may be drawn as based on criteria, one may say in defense, but such 
criteria are formulated in binary valued logic. Cutoff values are often used. For example, age over 55 is 
eligible, but not 55 or less. A laboratory value of 150 or over may qualify for inclusion, but 149 or less 
will not. Once sampling has been completed, the statistical machinery deals with sets, and starts e.g. to 
count numbers of occurrences within those sets given further criteria, and may start to computer mean 
values within selected subsets.

Hypothesis testing is typically applied which gives strengths of belief in certain claims. However, 
the underlying sampling is yet binary, since the statistical machinery is unable to compute with logical 
many-valuedness. Logical and probabilistic uncertainty is thus fundamentally different.

In logic, we have terms (or expressions) and sentences (or statements) as basic ingredients within the 
inference mechanism. A term might look like a*b, where * is a binary operator as part of the underlying 
signature of the logic, and the value of a*b is semantically a member in some algebra. In this abstract 
example, a and b are values representing observations or local aggregations. A sentence might look like 
able.to.act(a*b), where similarly its value is a ‘truth value’. In many-valued logic, with graded truth, we 
depart from binary logic, thus enabling all statements to embrace many-valued truth.

CLASSIFICATION OF FUNCTIONING, DISEASE AND INTERVENTION

ICF is part of WHO-FIC, and WHO-FIC maintaining a browser for ICF. There are also translations to 
a number of languages, and more translations are desired.
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ICF was officially endorsed by all 191 WHO Member States in the Fifty-fourth World Health As-
sembly on 22 May 2001 as the international standard to describe and measure health and disability.

ICF’s hierarchical structure is the following:

ICF 

    Components 

        Chapters 

            Sections 

                Items 

                    Subitems

Here is an example for one ICF item, and its location in the ICF item hierarchy.

ICF 

    Body functions 

        Chapter 1 Mental functions 

            Global mental functions (b110-b139) 

                b110 Consciousness functions 

                b114 Orientation functions 

                b117 Intellectual functions 

                b122 Global psychosocial functions 

                b126 Temperament and personality functions 

                b130 Energy and drive functions 

                    b1300 Energy level 

                    b1301 Motivation 

                    b1302 Appetite 

                    b1303 Craving 

                    b1304 Impulse control 

                    b1308 Energy and drive functions, other specified 

                    b1309 Energy and drive functions, unspecified 

                b134 Sleep functions 

                b139 Global mental functions, other specified and unspecified 

            Specific mental functions (b140-b189) 

... 

        Chapter 2 Sensory functions and pain 

... 

        Chapter 3 Voice and speech functions 

... 

        Chapter 4 Functions of the cardiovascular, haematological, immunologi-

cal and respiratory systems 

... 

        Chapter 5 Functions of the digestive, metabolic and endocrine systems 

... 

        Chapter 6 Genitourinary and reproductive functions 
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... 

        Chapter 7 Neuromusculoskeletal and movement-related functions 

... 

        Chapter 8 Functions of the skin and related structures 

... 

    Body structures 

... 

    Activities and participation 

... 

    Environmental factors 

...

Item b1300 is a subitem of item b130. For b130, ICF describes and defines it as follows:

b130 → Energy and drive functions

General mental functions of physiological and psychological mechanisms that cause the individual 
to move towards satisfying specific needs and general goals in a persistent manner.

Inclusions: functions of energy level, motivation, appetite, craving (including craving for substances that 
can be abused), and impulse control

Exclusions: consciousness functions (b110); temperament and personality functions (b126); sleep func-
tions (b134); psychomotor functions (b147); emotional functions (b152)

Applications using ICF in general, and specific items in particular, will need to decide how to relate 
their application context to such descriptions.

One approach in doing so is to select keywords from ICF’s text, and connect it with meaning and 
semantics from the application context. For instance, the text says ”physiological and psychological 
mechanisms” where some contexts might emphasize physiology more than psychology, other contexts 
the other way around, or some contexts may consider both.

Gradation for value and truth may be kept separate, but may also sometimes be allowed to overlap. 
ICF in WHO-FIC is a typical example.

xxx.0 NO problem → (none, absent, negligible,…) → 0-4%
xxx.1 MILD problem → (slight, low,…) → 5-24%
xxx.2 MODERATE problem → (medium, fair,...) → 25-49%
xxx.3 SEVERE problem → (high, extreme, …) → 50-95%
xxx.4 COMPLETE problem → (total,…) → 96-100%
xxx.8 not specified
xxx.9 not applicable

The underlying algebraic structure of the generic scale was briefly discussed in (Eklund, 2016).
In the 2001 version of ICF, for component BODY FUNCTION, the generic qualifier (0-4) uses 

’impairment’. BODY STRUCTURE also uses ’impairment’ in the generic qualifier, has a second quali-
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fier (0-7) to indicate nature of change, and a third qualifier (0-7) to indicate localization. ACTIVITIES 
AND PARTICIPATION uses ’difficulty’. ENVIRONMENTAL FACTORS uses ’barrier’ and ’facilita-
tor’, respectively, for a negative and positive scale. In the ICF – A Practical Manual (2013), all generic 
scales use ’problem’.

Note in the example above on b130, in inclusion, how the contextual meaning e.g. of ”craving” 
needs to be detailed. It is also important to note how e.g. ”sleep functions (b134)” are excluded, so that 
e.g. MODERATE or SEVERE problem with energy and drive functions must not be intertwined and 
connected to problems with sleep.

Both b130 and b134 may, of course, be included in selected subsets of ICF items, but they need 
often be treated separately and exlusively. This is important also in the ICF core Sets (Selb et al, 2015).

ICD, the classification of diseases, is also part of WHO-FIC, and it has a long history. The meeting 
of the International Statistical Institute in Vienna in 1891 initiated preparations of a classification of 
causes of death. The work was lead by Jacques Bertillon (1851-1922) who at that time was Chief of 
Statistical Services of the City of Paris. The classification prepared by Bertillon and his group was based 
on the classification of causes of death in Paris, which had been merging English, German, and Swiss 
classifications. The Bertillon classification was over next years to come broadly accepted.

Up to 1945, Bertillon’s list was still called the International List of Causes of Death, but was now 
extended or complemented with a International List of Diseases, capturing morbid conditions that are 
part of trains of events eventually leading to death. This was also when the distinction between morbid-
ity and mortality statistics.

The International Health Conference in June and July 1946 entrusted the Interim Commission of the 
World Health Organization to prepare the next decennial revision of ‘The International Lists of Causes 
of Death’ and to establish a International Lists of Causes of Morbidity. As a follow-up the International 
Conference for the Sixth Revision of the International Lists of Diseases and Causes of Death was held in 
April 1948. Later that year, the First World Health Assembly endorsed the report of the Sixth Revision 
Conference, and the result was the Manual of the International Statistical Classification of Diseases, 
Injuries, and Causes of Death.

The 7th revision, ICD-7, from 1958, was called International Classification of Diseases. ICD-8 comes 
out in 1968, ICD-9 in 1979, and ICD-10 in 1999. A stable version of ICD-11 was released in 2018, and 
ICD-11 will officially come out in 2022.

WHO-FIC embraces also ICHI for intervention classifications, to be released.
The trilogy ICF/ICD/ICHI is now seen as an important multimodal classification scope, where respec-

tive classifications need to be connected and combined in various contexts involvning health conditions 
and integrated care.

Early versions of ICD supported statistics of diseases and causes of death. ICD codes are now used 
also encoding diseases in diagnostic processes, but is still purely a disease classification. Various ap-
proaches to harmonizations are on-going so that e.g ICF and ICD can co-act and interact, and ICHI 
needs further to be connected in this trilogy.

However, the underlying formal information structures and logics supporting such harmonizations 
are shallow and poor as “health ontology” adopts description logic (DL) as its underlying mathematical 
logic, mainly for the reason that “web ontology” and its Web Ontology Language OWL used DL for its 
axiomatization.
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The basis for such approaches is the conviction that ”web ontology” and ”health ontology” is governed 
by one and the same underlying logic. This claim and basis is very suspicious, as description logic as a 
logic is barely more than a propositional logic.

Individuals in description logic and OWL correspond to logical constants in some signature. Concepts 
in description logic, called classes in OWL, are unary predicates with binary values in the range of the 
predicate, so semantically they are sets (of semantic values of the constants). Roles in description logic, 
called properties in OWL, are binary predicate, i.e. relations i ntheor semantic views.

Note how relations R X Y⊆ ×  are the same as mappings f: X→PY, i.e., mapping elements in X to 
subsets of Y. This is the fundamental basis of operations in description logics, i.e., description logic is 
just barely richer than propositional logic and seen as a very basic form of predicate logic.

Description logic is in fact a lambda calculus, and can be extended to enable the use of terms over a 
signature. Furthermore, such terms provided, in category theory, by term functors extendable to monads, 
need not be arranged only over the category of sets, but can be arranged over the Goguen category of 
many-valued sets, e.g., with quantales for many-valuedness. This enables to fully embrace all subtleties 
of the many-valuedness of ICF as explained about.

For a detailed explanation of these categorical constructions, see subsection 7.3 in (Eklund et al, 
2014), and below for an introduction management of many-valuedness using algebras.

ICF’S 5-SCALE AS AN ALGEBRA

Note how xxx.0 to xxx.4 are simply names or codes for the levels in the scale. It is tempting to pick 
out the numbers 0 to 4, and even worse, to compute with them arithmetically. Clearly, COMPLETE “is 
more” than SEVERE, as 4 is more than 3, but transforming the set

L= {NO, MILD, MODERATE, SEVERE, COMPLETE} 

to the set of digits, as symbols,

N4 = {0, 1, 2, 3, 4} 

will immediately, and unfortunately, invite to computing with these digits as numbers, and then arith-
metics comes into play. This then indeed adds more semantics to the members in L. In fact, adding N4 
makes L come with a companion function

f: L → N4 

where f(NO)= 4,…, f(COMPLETE)=0. Note how we do not arrange it like F(NO)= 0,…, f(COMPLETE)= 
4, for reasons explained later.

This is in any any case not explicitly written or recommended in ICF manuals. Mapping xxx.0 to the 
value 0 and xxx.4 to 4 is often adopted, but nowhere written or recommended in ICF.

However, this does not mean it is forbidden to add such semantics. On the contrary, we do want to 
compute with those values, but we must understand that there are many ways to mathematically interpret 
L, and thereby many ways to equip L with more structure and computational mechanisms. Using simple 

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



269

Information and Process in Health
 

arithmetics simply because that’s the only mathematics that is known, is not an appropriate justification 
for using arithmetics.

In that particular transformation, someone might indeed simply want to adopt arithmetic functions 
for values in N4, e.g. by using mean values and rounding decimals so that the result continues to reside 
in N4. For instance, a rounded mean value will do. We can write this more precisely as

a b ROUND a b
⊕ =

+





2

 

for a,b∈N4, using a binary operator ⊕ × →: N N N4 4 4 . Note that this operation is blind concerning the 
arrangement being f(NO)=4,…, f(COMPLETE)=0 or f(NO)=0,…, f(COMPLETE)=4.

Here we come to a fundamental disadvantage in using such calculations. Suppose we have three 
values a,b,c∈N4. We will not always have a b c⊕( )⊕  corresponding to the rounded mean value

ROUND a b c+ +





3

 

Nor will we have

a b c a b c⊕( )⊕ = ⊕ ⊕( )  

i.e., associativity of that binary operator. This is devastating as it means you cannot perform operation 
with more than two values expecting the result to be independent of the order of computation. Aggrega-
tion is always all-in-one in the sense that only the aggregated result is considered.

There is another subtlety which opens up when we examine this situation, namely, the property of 
commutativity of the operator. The ⊕  operator is commutative, i.e.,

a b b a⊕ = ⊕  

but always requiring commutativity of operation may be a restriction rather than a feature.
For an operator *: L×L→L, it cannot be generally and universally required that, e.g.,

MILD*MODERATE = MODERATE*MILD 

For example, concerning the combined or aggregated functioning given handling stress and socializing,

d2401 Handling stress → MODERATE problem
d9205 Socializing → MILD problem

we may aggregate a combined situation like “handling stress WHILE socializing” as compared to “so-
cializing WHILE handling stress”. Could we imagine a situation where
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MILD*MODERATE = MILD 

whereas

MODERATE*MILD = MODERATE 

when looking at different situation, e.g., when socializing is stress relieving as different from stress 
increasing. Social hormones like Oxytocin and arginine vasopressin come into play, where stress in-
crease involves several neurological pathways including the amygdala (Jones et al, 2017). Handling 
stress while and because of socializing then may involve social anxiety, even as a disorder as defined by 
DSM-V (“persistent fear of one or more social or performance situations in which the person is exposed 
to unfamiliar people or to possible scrutiny by others.”). For others, socializing provides stress relief.

What we say here is that simplifying the context where data resides, and where levels of functioning 
are to be aggregated, will also need less utility of sophistication in mathematical structures and compu-
tations related with contextual data.

Another example, where the order in binary operations makes a difference, can be found in drug treat-
ments. In hypertension treatment it is often recommended to use smaller doses with several complementing 
drugs rather than increasing the dose for one drug. This comes from side-effect growing exponentially 
as doses grow linearly. A typical example is seen with ARB (angiotensin receptor blocker) and CCB 
(calcium channel blocker) as alternatives for treating essential hypertension. Starting with one of them 
and with a smaller dose, should one start with ARB and later on add CCB if need, also with a smaller 
dose, or first CCB and then ARB. Will the body react to treatment differently with first ARB and then 
CCB as compared to first CCB and ARB. Of course, the body will react differently, and the outcome 
will be different.

These examples clearly show that binary aggregation cannot be assumed always to be commutative.
Note also ICF’s alternative names e.g. for MILD as ‘slight’ or ’low’, and for SEVERE as ’high’ and 

extreme’. Clearly, ’low’ and ’high’ are more like negated counterparts, but ’slight’ and ’extreme’ not 
similarly so.

The percentages are also not to be understood as universally fixed, as they need to be calibrated in 
different domains with reference to relevant population standards as percentiles.

Coming back to L, we may see it as an algebraic structure. As a partial order structure with a smallest 
(NO) and largest (COMPLETE) element, or as a complete lattice, it is a total order or a lattice chain, in 
this case a 5-chain

NO < MILD < MODERATE < SEVERE < COMPLETE 

This would correlate with xxx.0 < xxx.1 < xxx.2 < xxx.3 < xxx.4. However, here we must be care-
ful about what is ‘good’ and what is ‘bad’. ‘Good’, i.e., NO (problem) is often and intuitively seen as a 
high value, not a low value, so algebraically the order is really

COMPLETE < SEVERE < MODERATE < MILD < NO 

Note also how aggregating any condition level a with COMPLETE into a*COMPLETE might be 
expected to result in an aggregated COMPLETE. Further we expect e.g. that a*b ≤ a*c whenever b≤c, 
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which is a built-in property of the quantale. For instance, MILD*SEVERE ≤ MILD*MODERATE, but 
could be either of MILD*SEVERE < MILD*MODERATE or MILD*SEVERE = MILD*MODERATE, 
depending on the application context.

This indeed justifies to use the mapping f(NO)= 4,…, f(COMPLETE)=0 instead of f(NO)= 0,…, 
f(COMPLETE)=4.

As a lattice it is a distributive lattice with the following tables for the minimum (∧ ) and maximum 
(∨ ) operations

Now looking at different ways to aggregate according to binary functions *: L×L→L, we will have a 
total of 55∙5= 298 023 223 876 953 125 such functions to choose from. However, not all of them are inter-
esting. We need e.g. require associativity (a*b)*c = a*(b*c), i.e., * to be a semigroup, which drastically 
reduces that number. Further, we typically might want * to be order-preserving in both variables or * to 
be distributive over the maximum operation, which brings us to quantales (Eklund et al, 2018). For that 
particular 5-chain, we have a total of 1003 semigroup that provide the 5-chain with the algebraic structure 
of a quantale. Below we see one of these semigroups, and where the semigroup is non-commutative as 
1*2=1 and 2*1=2, i.e., SEVERE*MODERATE = SEVERE and MODERATE*SEVERE = MODERATE.

Figure 1. The distributive lattice of the 5-chain

Figure 2. A non-commutative quantale for the 5-chain
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Interesting is now what happens when we include the 6th and 7th values from ICF’s generic scale. 
For instance, if we add ‘xxx.8 not specified’ and use it to represent a “missing value” or a value “not 
(yet) known”, we will have a 6-point lattice. The question is now, where in relation to the 5-chain will 
this 6th “not known” value be situated, and more importantly, how can we compute with that values in

{NO, MILD, MODERATE, SEVERE, COMPLETE, Not Known} 

Before showing concrete example, we will here provide a brief algebraic description of quantales.

QUANTALES FOR COMPUTING WITH MISSING DATA

Quantales are semigroups over complete lattices so that the semigroup operation is join preserving in 
both variables. Many-valued terms and logical expressions using such algebras are discussed in (Eklund 
et al, 2014), using category theoretical instrumentation involving monads as used in algebra and topol-
ogy (Eklund et al, 1993).

To be more precise, let Q be a set, the base set of elements in the quantale. Further let *, ,∧ ∨  be 
binary operations over Q so that (Q,*) is a semigroup and Q, ,∧ ∨( )  is a complete lattice. Let us further 
denote the top element in the lattice by T (“true”, e.g. as NO loss of functions) and the bottom element 
by F (”false”, e.g. as COMPLETE loss of function).

We may remark that there are 5 semigroups on a 2-pointed set, 24 semigroups on a 3-pointed set, 188 
semigroups on a 4-pointed set, 1 915 semigroups on a 5-pointed set, and 28 634 semigroups on a 6-pointed 
set. There is only one (complete) lattice on 2-pointed and 3-pointed sets, two lattices on a 4-pointed set, 
5 lattices on a 5-pointed set, and 15 lattices on a 6-pointed set. For comparison with binary operations 
without any properties (often called magmas), there are 22∙2=16 such operations on a 2-pointed set, 
33∙3=19 683 operations on a 3-pointed set, 44∙4=4 294 967 296 on a 4-pointed set, 55∙5=298 023 223 876 
953 125 on a 5-pointed set, 66∙6=10 314 424 798 490 535 546 171 949 056 on a 6-pointed set, and so on.

For comparison, 0-100%, all aligned in one single chain, is the most simple and least informative 
algebraic structure!

In applications we have to pay special attention to this strong condition as F is a very much unescap-
able value for the semigroup operation. One may see it as ‘halt’, ‘stop’ or ‘dead’ state, or something 
similar as representation for a state where aggregation involving the semigroup operation enables no 
escape whatsoever.

There are two quantales on a 2-pointed set, 12 quantales on a 3-pointed sets, 129 quantales on a 
4-pointed set, 1 852 quantales on a 5-pointed set, and 33 391 quantales on a 6-pointed set. For 7 elements 
there are hundreds of thousands of quantales, for 8 elements millions.

We usually don’t expect to be able to compute with missing or unknown values, i.e., for any number 
n we would have n+NaN=NaN. A typical way around this, when dealing with numerical values, is to 
replace or estimate the missing or unknown. When computing algebraically and logically with symbolic 
and order values in a lattice, we may assign one or more elements to represent unknown types of ele-
ments, so that these elements appear kind of on the “sideline” of the mainstream elements. A typical 
situation is within a non-chain lattice of a finite number of elements where a subchain of elements is 
designated so that “sideline” elements will become annotated and related with that mainstream subchain,

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



273

Information and Process in Health
 

Note in Fig. 1 how element ‘1’ can be understood as unknown but intuitively expected to be sidelined 
mainly with elements ‘0’, ‘2’ and ‘3’, whereas element ‘4’ is more “optimistically” sidelined with ele-
ments ‘2’, ‘3’ and ‘5’. Incidentally, that 6-pointed lattice is the lattice product of a two-valued chain with 
a three-valued chains. This is very appealing in applications. The semigroup operation can be viewed 
as becoming the “third” logical operator, related with sup (Or, join) and inf (And, meet) of the lattice. 
Interesting features are e.g. non-commutativity appearing among many of these semigroup operations.

An element e in a quantale Q is a unit if x*e = e*x = x for all x∈Q, i.e., e is an identity with respect to 
the semigroup operation. The unit, if it exists, is unique. A quantale with a unit is called a unital quantale.

From application point of view, operation with a unit leaves values otherwise unchanged. This may 
be desirable e.g. if the unit is interpreted as a ‘not yet known’ value, or similar. We wish to compute with 
‘not yet known’ values, but we may not want ‘not yet known’ values to severely affect the outcome in a 
sequence of operations involving ‘not yet known’ values.

Units may be top values in the lattice, i.e., e=T, in which case the quantale is called integral. However, 
more commonly, we might provide semantics where the ‘not (yet) known’ value is a sideline element 
with respect to a subchain. In Fig. 4, either element ‘1’ or element ‘4’ could in this case be candidate 
for being a unit. For the lattice in Fig. 4, there are 1 268 semigroup operations providing the structure 
of a quantale.

For these quantales, 22 quantales are unital with element ‘1’ as the unit, and 12 quantales are unital 
with element ‘4’ as the unit. Note how element ‘4’ as a ‘not yet known’ value is more “optimistic” as 
compared to to ‘1’ as a ‘not yet known’ value, as lattice operations with ‘4’ keeps values in the upper 
part of the lattice. The semigroup operation for one of those 12 quantales is

Without providing specific justification of applicability of this particular quantale, we may note that 
it is non-commutative. For instance, 1*2=0, whereas 2*1=1. Intuitively, within certain locations in the 
table, something weaker before something stronger aggregates to worse than something stronger before 
something weaker. Obviously, this cannot be a general reading for all the elements as, for example, 
2*3=3, whereas 3*2=2.

This simple example shows the diversity of quantales and some of its special elements.
Such special elements may typically appear in modelling related e.g. with health states in medical diag-

nosis and evaluation of human functioning, quantum states in nuclear physics or risk levels in economics.

Figure 3. A 6-pointed (complete) lattice with two ‘sideline elements’
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The top element may be special in the sense of fulfilling

Τ*Τ = Τ (5)

and in such a case the quantale is said to be balanced. From application point of view, this should again 
be investigated from the viewpoint of establishing appropriate interpretations.

Further special quantale elements include dualizing and cyclic elements related with residuated lat-
tices and Girard quantales. Detail on the properties of such elements can be found in (Eklund et al, 2018).

ICF’S 6-SCALE

From ICF point of view, and looking at the generic 5-scale together with one of xxx.8 and xxx.9 under-
stood as ´not (yet) know’ or ´(still) missing’, extends ICF 5-scale to a 6-scale, we can now see how the 
missing value can be located in various positions as ”sidelined” with the 5-scale.

Some positions make no practical sense, like having ’missing’ being 0 or 5 in a 6-point lattice. Fur-
ther, adopting a meaning where ’missing’ is 2 or 3 in the chain, lattice (15) in Fig. 5, is intuitively also 
a non-practical default for missing values.

For six elements, we have the following 15 lattices:
Interesting lattices are those where we have a subchain of 5 elements, and one element being ”side-

lined” to that chain. For instance, in lattice (9), the sidelined element 1 is below the top and above the 
bottom element but undordered or unrelated to all other elements. Lattice (11) is similar, but then ele-
ments 2 or 3 are underordered with respect to each other.

Lattices (2) and (5) have sideline elements that are in a ”more optimistic way” ordered with respect 
to the other elements. For instance, in lattice (2), elements 2 and 3 would correspond to MILD and 
MODERATE, respectively, so by default, the missing value, the sidelined element 1, is worse than NO 
(problem) but better that SEVERE (problem).

Figure 4. A non-commutative unital quantale for the lattice in Fig. 3
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Figure 5. All 15 lattices over 6-point sets

Figure 6. Lattice (13) with ´not (yet) known’ as “optimistically” sidelined with the generic 5-scale
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There are 2 830 quantales for the 6-point lattice (2). Of these, 57 are unital with the sidelined ’not 
known’ as the unit, so that

x*Not Known = Not Known*x = x 

for all values x in the generic 5-scale, i.e., aggregation with unknown values is not affected or enforced 
by missing values. Clearly,

Not Known*Not Known = Not Known 

reflecting ex nihilo nihil fit.
One of the 57 semigroups as unital quantales is presented in Table 1.

For comparison, the rounded mean is shown in Table 2.

This show how sterile arithmetic functions really are, and also how they are context independent.

Table 1 Quantale nr 6.13.1160 in the Catalogue of Quantales. http://www.glioc.com/files_glioc/Cata-
logueQuantales.pdf

* Not known NO MILD MODERATE SEVERE COMPLETE

Not known Not known NO MILD MODERATE SEVERE COMPLETE

NO NO NO MILD MILD SEVERE COMPLETE

MILD MILD MILD MILD MILD COMPLETE COMPLETE

MODERATE MODERATE MILD MILD MILD COMPLETE COMPLETE

SEVERE SEVERE SEVERE SEVERE SEVERE COMPLETE COMPLETE

COMPLETE COMPLETE COMPLETE COMPLETE COMPLETE COMPLETE COMPLETE

Note how this particular semigroup is non-commutative as SEVERE*MILD = COMPLETE whereas MILD*SEVERE = SEVERE.

Table 2 Rounded mean.

⊕ Not known NO MILD MODERATE SEVERE COMPLETE

Not known Not known Not known Not known Not known Not known Not known

NO Not known NO MILD MILD MODERATE MODERATE

MILD Not known MILD MILD MODERATE MODERATE SEVERE

MODERATE Not known MILD MODERATE MODERATE SEVERE SEVERE

SEVERE Not known MODERATE MODERATE SEVERE SEVERE COMPLETE

COMPLETE Not known MODERATE SEVERE SEVERE COMPLETE COMPLETE
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Clearly, the choice of table is application dependent, and must be justified its application context, but 
this indeed shows the variety if choices as compared to simply using arithmetics and rounded means, 
which are not justified at all, since they are often seen as having no alternative calculation.

Lattices (13) and (14) would be used for corresponding ”pessimistic” starting points for missing values.

PROCESS AND ITS STRUCTURE

The OMG (Object Management Group) family of languages and notations, include UML, SysML (Systems 
Modeling language), BPMN (Business Process Modeling Notation) CMMN (Case Management Model 
and Notation) and DMN (Decision Model and Notation). UML’s Structure Diagram is an information 
model, whereas UML’s Behaviour Diagram is a process model. UML’s Behaviour Diagram is part of 
SysML, which is a process model expanding the process model side of UML. SysML is intended e.g. to 
support systems-of-systems modeling in engineering and manufacturing. BPMN differs from SysML, 
and BPMN’s syntax enabling data flow with underlying tokens can be provided with a semantic based 
on our approach to many-valued logic. Whereas the underlying logic of BPMN has been explained, the 
underlying logic of CMMN and DMN is more in its infancy.

An information and process view of Ireland’s national falls prevention program AFFINITY was de-
veloped during early 2016 as BPMN based integrated care process models. The purpose of the National 
Falls and Bone Health Project AFFINITY (Activating Falls and Fracture Prevention in Ireland Together) 
is to implement the ‘National Strategy for the Prevention of Falls and Fractures in Ireland’s Ageing 
Population’, and to develop a robust governance framework to monitor progress, ensure accountability 
and sustainability.

Cooperation between AFFINITY and its European partners e.g. within EIP AHA (European Partnership 
for Active and Healthy Ageing) intended during 2016 to enhance and enrich the underlying information 
and process models in support for the embedding of practices and the upscaling of the embedding.

On information, fall risk assessment is part e.g. of an overall geriatric assessment (Burns et al, 2009), 
in turn part of medical and social data describing the medical condition and functioning capacity of the 
older person. Similarly, the notion of a good practice, as embracing a conglomerate of guidelines is also 
well understood, but less so in terms of process substance. Process structure granularity is often quite 
coarse and less formal, comparable to process descriptions annotated with clinical guidelines.

Cooperation during 2016 intended to show how to move from well described pathways and processes 
to enable the use of information, structure and analytics. The Who - Where - What - Why - How of 
falls prevention is in this context very important to specify in finest possible granularity. Who uses which 
information and in which point of care? Why is all this done, and how do we act and communicate? All 
these ingredients must appear in fine-granular detail in order to enable implementation and upscaling, 
where consistency is prerequisite to increasing the pace of local implementations.

The NIMS (National Incident Management System) picklist is a very good basis for a first version 
of Who and Where. The HSE Guide to Falls Screening and Multi-factorial Falls Risk Assessment in 
Primary Care contains a good portion of What, and some specific subsystems to be described in the 
process view. The Why is partly in AFFINITY’s What needs doing, by Whom and How, including en-
ablers and actions as How.
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Work during January-May 2016 resulted in a process oriented demonstrator The Healthy Future of 
Older People in Healthy Ireland as an enhancement of existing management pathway descriptions so 
that relevant information is clearly identifiable within specific parts of the pathway.

REFERENCES

Burns, A., Lawlor, B., & Craig, S. (2009). Assessment Scales in Old Age Psychiatry (2nd ed.). Informa 
Healthcare.

Eklund, P. P., & Gähler, W. (1993). Completions and Compactifications by Means of Monads. In Fuzzy 
Logic, State of the Art. Kluwer.

Eklund, P. (2016). Lative logic accomodating the WHO Family of International Classifications. In M. M. 
Cruz-Cunha & I. Miranda (Eds.), Encyclopedia of E-Health and Telemedicine (pp. 661–673). IGI Global.

Eklund, P., Galán, M. A., Helgesson, R., & Kortelainen, J. (2014). Fuzzy terms. Fuzzy Sets and Systems, 
256, 211–235. doi:10.1016/j.fss.2013.02.012

Eklund, P., Gutiérrez García, J., Höhle, U., & Kortelainen, J. (2018). Semigroups in complete lattices: 
Quantales, modules and related topics. Developments in Mathematics 54. Springer. doi:10.1007/978-
3-319-78948-4

Jones, C., Barrera, I., Brothers, S., Ring, R., & Wahlestedt, C. (2017). Oxytocin and social functioning. Dia-
logues in Clinical Neuroscience, 19(2), 193–201. doi:10.31887/DCNS.2017.19.2/cjones PMID:28867943

Figure 7. Subprocess view related to integrated care within AFFINITY

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



279

Information and Process in Health
 

Selb, M., Escorpizo, R., Kostanjsek, N., Stucki, G., Üstün, B., & Cieza, A. (2015). A guide on how to 
develop an International Classification of Functioning, Disability and Health Core Set. European Journal 
of Physical and Rehabilitation Medicine, 51(1), 105–117. PMID:24686893

Tseng, C. H., & Chen, Y. H. (2019). Regularized approach for data missing not at random. Statistical 
Methods in Medical Research, 28(1), 134–150. doi:10.1177/0962280217717760 PMID:28671033

KEY TERMS AND DEFINITIONS

ICD: International Classification of Diseases.
ICF: International Classification of Functioning, Disability, and Health.
ICHI: International Classification of Health Interventions.
Quantale: Semigroup that is sup-distributive over a complete lattice.
Semigroup: Associative binary operation.
WHO: World Health Organization.

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use





Compilation of References



Abdelhafiz,A.H.,&Austin,C.A.(2003).Visualfactorsshouldbeassessedinolderpeoplepresentingwithfallsorhip
fracture.Age and Ageing,32(1),26–30.https://doi.org/10.1093/ageing/32.1.26

Abreu,C.&Loureiro,C.(2007).AprendizagemporResoluçãodeProblemas.UmaexperiênciaPluridisciplinaremul-
ticultural.Referência, 2(5),7-15.

Achterberg,W.P.,Pieper,M.J.,vanDalen-Kok,A.H.,deWaal,M.W.,Husebo,B.S.,Lautenbacher,S.,...Corbett,A.
(2013).Painmanagementinpatientswithdementia.Clinical Interventions in Aging,8,1471.

AdamHartman.(2015).Lack of frail care policy strands the elderly.https://www.namibian.com.na/137150/archive-read/
Lack-of-frail-care-policy-strands-the-elderly

Afshar,S.,Roderick,P.J.,Kowal,P.,Dimitrov,B.D.,&Hill,A.G.(2015).Multimorbidityandtheinequalitiesofglobal
ageing:Across-sectionalstudyof28countriesusingtheWorldHealthSurveys.BMC Public Health,15,776.https://
doi.org/10.1186/s12889-015-2008-7

AgencyForHealthcareResearchAndQuality.(2008).Hospital survey on patient safety agency comparative database.
Disponivelem:https://www.ahrq.gov/qual/hospssurvey

Agenziaperl’Italiadigitale(AgID).(2021,July6).Linee Guida sull’accessibilità degli strumenti informatici[Guidelines
on accessibility of IT tools]. https://www.agid.gov.it/it/design-servizi/accessibilita-siti-web/linee-guida-accessibilita-
strumenti-informatici

Agostini,F.,Mazzucco,S.,&Biolo,G.(2010).Metabolicadaptationtoinactivelifestyle:Frommuscleatrophytocar-
diovascularrisk.Annales Kinesiologie,1,23–29.

AGS/BGSClinicalPracticeGuideline.(2011).AGS / BGS Clinical Practice Guideline : Prevention of Falls in Older 
Persons.Author.

Ahrentzen,S.,&Tural,E.(2015).Theroleofbuildingdesignandinteriorsinageingactivelyathome.Building Research 
and Information,43(5).

Äijö,M.(2019).Hyviäpedagogisiaratkaisujakaatumistenehkäisynopetukseen.AKESO-tutkimusjakehittämishanke.
Savonia-ammattikorkeakoulu julkaisusarja 4. Kuopio: Savonia-ammattikorkeakoulu. Retrieved from https://www.
theseus.fi/handle/10024/186053

Äijö,M.(Ed.).(2019).Hyviä pedagogisia ratkaisuja kaatumisten ehkäisyn opetukseen.AKESO-tutkimusjakehittämis-
hanke.Savonia-ammattikorkeakoulujulkaisusarja4.Kuopio:Savonia-ammattikorkeakoulu.Retrievedfromhttp://urn.
fi/URN:ISBN:978-952-203-263-8

280

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.namibian.com.na/137150/archive-read/Lack-of-frail-care-policy-strands-the-elderly
https://www.namibian.com.na/137150/archive-read/Lack-of-frail-care-policy-strands-the-elderly
https://www.ahrq.gov/qual/hospssurvey
https://www.agid.gov.it/it/design-servizi/accessibilita-siti-web/linee-guida-accessibilita-strumenti-informatici
https://www.agid.gov.it/it/design-servizi/accessibilita-siti-web/linee-guida-accessibilita-strumenti-informatici
https://www.theseus.fi/handle/10024/186053
https://www.theseus.fi/handle/10024/186053
http://urn.fi/URN:ISBN:978-952-203-263-8
http://urn.fi/URN:ISBN:978-952-203-263-8


Compilation of References

Akershusuniversitetssykehus.(2018).Folk faller inne når det snør ute - Akershus universitetssykehus.https://www.ahus.
no/nyheter/folk-faller-inne-nar-det-snor-ute

Akershusuniversitetssykehus.(2020).Hoftebrudd - Akershus universitetssykehus.https://www.ahus.no/behandlinger/
hoftebrudd#behandling

Albornos-Muñoz,L.,Moreno-Casbas,M.T.,Sánchez-Pablo,C.,Bays-Moneo,A.,Fernández-Domínguez,J.C.,Rich-Ruiz,
M.,...Rivera-Álvarez,A.(2018).EfficacyoftheOtagoExerciseProgrammetoreducefallsincommunity-dwellingadults
aged65–80yearsoldwhendeliveredasgrouporindividualtraining.Journal of Advanced Nursing,74(7),1700–1711.
Advanceonlinepublication.doi:10.1111/jan.13583PMID:29633328

Alcañiz,M.,&Solé-Auró,A.(2018).Feelinggoodinoldage:Factorsexplaininghealth-relatedqualityoflife.Health 
and Quality of Life Outcomes,16(1),48.doi:10.118612955-018-0877-zPMID:29534708

Allali,G.,Launay,C.P.,Blumen,H.M.,Callisaya,M.L.,DeCock,A.M.,&Kressig,R.W.,…BiomathicsConsortium.
(2017).Falls,CognitiveImpairment,andGaitPerformance:ResultsFromtheGOODInitiative.Journal of the American 
Medical Directors Association,8(4),335–340.

Allan,L.M.,Ballard,C.G.,Rowan,E.N.,&Kenny,R.A.(2009).Incidenceandpredictionoffallsindementia:A
prospectivestudyinolderpeople.PLoS One,4(5),e5521.doi:10.1371/journal.pone.0005521PMID:19436724

Almeida,R.,Abreu,C.,&Mendes,A.(2013).Quedasemdoenteshospitalizados:Contributosparaumapráticabaseada
naprevenção.Revista de Enfermagem Referência, 3(2),163–172.doi:10.12707/RIII1016

Alomar,M.J.(2014).Factorsaffectingthedevelopmentofadversedrugreactions(Reviewarticle).Saudi Pharmaceuti-
cal Journal,22(2),83–94.doi:10.1016/j.jsps.2013.02.003PMID:24648818

Amaricai,E.,Onofrei,R.R.,Suciu,O.,Marcauteanu,C.,Stoica,E.T.,Negruțiu,M.L.,David,V.L.,&Sinescu,C.
(2020).Dodifferentdentalconditionsinfluencethestaticplantarpressureandstabilometryinyoungadults?PLoS One,
15(2),e0228816.https://doi.org/10.1371/journal.pone.0228816

AmericanGeriatricsSociety2015BeersCriteriaUpdateExpertPanel.(2015).AmericanGeriatricsSociety2015Up-
datedBeersCriteriaforPotentiallyInappropriateMedicationUseinOlderAdults.Journal of the American Geriatrics 
Society, 63(11),2227–2246.doi:10.1111/jgs.13702

Apóstolo,J.,Cooke,R.,Bobrowicz-Campos,E.,Santana,S.,Marcucci,M.,Cano,A.,Vollenbroek-Hutten,M.,Germini,
F.,D’Avanzo,B.,Gwyther,H.,&Holland,C.(2018).Effectivenessofinterventionstopreventpre-frailtyandfrailty
progressioninolderadults:Asystematicreview.JBI Database of Systematic Reviews and Implementation Reports,
16(1),140–232.https://doi.org/10.11124/JBISRIR-2017-003382

Apóstolo,J.,Cooke,R.,Bobrowicz-Campos,E.,Santana,S.,Marcucci,M.,Cano,A.,Vollenbroek-Hutten,M.,Germini,
F.,&Holland,C.(2017).Predictingriskandoutcomesforfrailolderadults:Anumbrellareviewoffrailtyscreening
tools.JBI Database of Systematic Reviews and Implementation Reports,15(4),1154–1208.https://doi.org/10.11124/
JBISRIR-2016-003018

Apóstolo,J.,Holland,C.,O’Connell,M.D.,Feeney,J.,Tabares-Seisdedos,R.,Tadros,G.,Campos,E.,Santos,N.,
Robertson,D.A.,Marcucci,M.,Varela-Nieto, I.,Crespo-Facorro,B.,Vieta,E.,Navarro-Pardo,E.,Selva-Vera,G.,
Balanzá-Martínez,V.,&Cano,A.(2016).Mildcognitivedecline.ApositionstatementoftheCognitiveDeclineGroup
oftheEuropeanInnovationPartnershipforActiveandHealthyAgeing(EIPAHA).Maturitas,83,83–93.https://doi.
org/10.1016/j.maturitas.2015.10.008

Arbizzani,E.,&DiGiulio,R.(2002).Residenze sanitarie assistenziali: Il progetto e la Realizzazione[Nursinghomes:
DesignandImplementation].MaggioliEditore.

281

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.ahus.no/nyheter/folk-faller-inne-nar-det-snor-ute
https://www.ahus.no/nyheter/folk-faller-inne-nar-det-snor-ute
https://www.ahus.no/behandlinger/hoftebrudd#behandling
https://www.ahus.no/behandlinger/hoftebrudd#behandling


Compilation of References

Arkkukangas,M.,Cederbom,S.,Tonkonogi,M.,&UmbCarlsson,Õ.(2020).Olderadults’experienceswithmHealth
forfallpreventionexercise:Usabilityandpromotionofbehaviorchangestrategies.Physiotherapy Theory and Practice,
1–7.doi:10.1080/09593985.2020.1712753PMID:31910707

Arora,V.M.,Johnson,M.,Olson,J.,Podrazik,P.M.,Levine,S.,DuBeau,C.E.,Sachs,G.A.,&Meltzer,D.O.(2007).
Usingassessingcareofvulnerableeldersqualityindicatorstomeasurequalityofhospitalcareforvulnerableelders.
Journal of the American Geriatrics Society,55(11),1705–1711.doi:10.1111/j.1532-5415.2007.01444.xPMID:17979894

Arzeno,N.M.,Stenger,M.B.,Lee,S.M.C.,Ploutz-Snyder,R.,&Platts,S.H.(2013).Sexdifferencesinbloodpressure
controlduring6°head-downtiltbedrest.American Journal of Physiology. Heart and Circulatory Physiology,304(8),
H1114–H1123.doi:10.1152/ajpheart.00391.2012PMID:23396455

Ascolese,A.,Kiat,J.,Pannese,L.,&Morganti,L.(2016).Gamifyingelderlycare:Feasibilityofadigitalgamingsolu-
tionforactiveaging.Digital Media,2,157–162.

Åserød,H.,&Babic,A.(2017).PharmacovigilanceMobileToolDesignintheFieldofArhroplasty.Studies in Health 
Technology and Informatics,238,104–107.doi:10.3233/978-1-61499-781-8-104PMID:28679898

AuserNazionale.(2011).Le case di riposo in Italia, un settore che non conosce crisi, prima indagine nazionale Auser
[RetirementhomesinItaly,asectorthatknowsnocrisis,firstnationalAuserstudy].Associazioneperl’Invecchiamento
attivo.

Bae,I.-S.,Kim,J.M.,Cheong,J.H.,Han,M.-H.,&Ryu,J.I.(2019).Associationbetweencerebralatrophyandosteopo-
roticvertebralcompressionfractures.PLoS One,14(11),e0224439.doi:10.1371/journal.pone.0224439PMID:31689324

Baezner,H.,Blahak,C.,Poggesi,A.,Pantoni,L.,Inzitari,D.,Chabriat,H.,Erkinjuntti,T.,Fazekas,F.,Ferro,J.M.,
Langhorne,P.,O’Brien,J.,Scheltens,P.,Visser,M.C.,Wahlund,L.O.,Waldemar,G.,Wallin,A.,&Hennerici,M.
G.LADISStudyGroup.(2008).Associationofgaitandbalancedisorderswithage-relatedwhitematterchanges:The
LADISStudy.Neurology,70(12),935–942.doi:10.1212/01.wnl.0000305959.46197.e6PMID:18347315

Baker,N.R.,&Blakely,K.K.(2017).Gastrointestinaldisturbancesintheelderly.Nursing Clinics,52(3),419–431.
PMID:28779823

Baltasar-fernandez,I.,Alcazar,J.,Rodriguez-lopez,C.,Alonso-seco,M.,Ara,I.,&Alegre,L.M.(2021).Sit-to-stand 
muscle power test : Comparison between estimated and force plate-derived mechanical power and their association with 
physical function in older adults.AcademicPress.

Bandeira,F.,&Carvalho,E.(2007).Prevalênciadeosteoporoseefraturasvertebraisemmulheresnapós-menopausa
atendidasemserviçosdereferência.Ver Bras Epidemiol,10(1),86–98.doi:10.1590/S1415-790X2007000100010

Banks,S.,&Janke,K.(1998).Developingandimplementinginterprofessionallearninginafacultyofhealthprofessions.
Journal of Allied Health,27(3),132–136.PMID:9785180

Baratta,A.F.L.,Conti,C.,&Tatano,V.(2019).Inclusive living. Design for an autonomous and independent living.
Anteferma.

Barbara,M.,Monini,M.,Chiappini,I.,Ronchetti,F.,Raffa,S.,&Torrisi,M.R.(2007).Perisaccularvascularobstruction
duringanacuteattackofMeniere’sDisease.The Journal of International Advanced Otology,3,40–463.

Barnett,A.,Smith,B.,Lord,S.R.,Williams,M.,&Baumand,A.(2003).Community-basedgroupexerciseimproves
balance and reduces falls in at-risk older people: A randomised controlled trial. Age and Ageing, 32(4), 407–414.
doi:10.1093/ageing/32.4.407PMID:12851185

282

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Barry,T.E.(2012).TheDevelopmentoftheHierarchyofEffects:AnHistoricalPerspective.Current Issues and Research 
in Advertising,10(1-2),251–295.

Bartosch,P.S.,Kristensson,J.,McGuigan,F.E.,&Akesson,K.E.(2020).Frailtyandpredictionofrecurrentfalls
over10yearsinacommunitycohortof75-year-oldwomen.Aging Clinical and Experimental Research,32(11),1–10.
doi:10.100740520-019-01467-1PMID:31939201

Bass,S.,&Naughton,G.(2007).ExerciseandCalciumCombinedResultsinaGreaterOsteogenicEffectThanEither
Factor Alone: A Blinded Randomized Placebo‐Controlled Trial in Boys. Journal of Bone and …, 22(3), 458–464.
doi:10.1359/jbmr.061201

Batista,M.,JimenezCastuera,R.,LeytonRoman,M.,Lobato,S.,&Aspano,M.(2016).Adaptationandvalidationof
thePortugueseversionofthehealthylifestylesquestionnaire.Ponte – International Scientific Researches Journal, 72(9),
145-158.http://hdl.handle.net/10400.11/5853

Baumann,D.,Ruch,W.,Margelisch,K.,Gander,F.,&Wagner,L.(2020).Characterstrengthsandlifesatisfactioninlater
life:Ananalysisofdifferentlivingconditions.Applied Research in Quality of Life,15(2),329–347.doi:10.100711482-
018-9689-x

Beckfield,J.,Balaj,M.,McNamara,C.L.,Huijts,T.,Bambra,C.,&Eikemo,T.A.(2017).ThehealthofEuropean
populations:introductiontothespecialsupplementonthe2014EuropeanSocialSurvey(ESS)rotatingmoduleonthe
socialdeterminantsofhealth.European Journal of Public Health, 27(suppl_1),3–7.doi:10.1093/eurpub/ckw250

Beckfield,J.,Balaj,M.,McNamara,C.L.,Huijts,T.,Bambra,C.,&Eikemo,T.A.(2017).TheHealthofEuropean
Populations:IntroductiontotheSpecialSupplementonthe2014EuropeanSocialSurvey(ESS)RotatingModuleon
theSocialDeterminantsofHealth.European Journal of Public Health,27(1),3–7.

Belavy,D.,Miokovic,T.,Armbrecht,G.,Armbrecht,P.,&Felsenberg,D.(2009).Resistivevibrationexercisereducedlower
limbatrophyduring56-daybed-rest.Journal of Musculoskeletal & Neuronal Interactions,9,225–235.PMID:19949280

Bell,H.T.,Steinsbekk,A.,&Granas,A.G.(2015).Factorsinfluencingprescribingoffall-risk-increasingdrugstothe
elderly:Aqualitativestudy.Scandinavian Journal of Primary Health Care,33(2),107–114.doi:10.3109/02813432.20
15.1041829PMID:25965505

BenNoon,R.,&Ayalon,L.(2018).OlderAdultsinPublicOpenSpaces:AgeandGenderSegregation.The Gerontolo-
gist,58(1),149–158.https://doi.org/10.1093/geront/gnx047

Benedetti,F.,Vighetti,S.,Ricco,C.,Lagna,E.,Bergamasco,B.,Pinessi,L.,&Rainero,I.(1999).Painthresholdand
toleranceinAlzheimer’sdisease.Pain,80(1–2),377–382.doi:10.1016/S0304-3959(98)00228-0PMID:10204751

Bennett,J.M.,Nehus,N.R.,Astin,M.R.,Brown,C.K.,Johnson,R.,&Brewer,K.L.(2015).UseofCranialComputed
Tomography(CT)inElderlyPatientsPresentingAfteraFall:CanWePredictThoseHavingAbnormalHeadCTScans.
British Journal of Medicine and Medical Research,6(3),342–350.doi:10.9734/BJMMR/2015/10435

Bergamini,M.,Pierleoni,F.,Gizdulich,A.,&Bergamini,C.(2008).Dentalocclusionandbodyposture:AsurfaceEMG
study.Cranio,26(1),25–32.https://doi.org/10.1179/crn.2008.041

Bergen,G.,Stevens,M.R.,&Burns,E.R.(2016).Fallsandfallinjuriesamongadultsaged365years—UnitedStates,
2014.Morbidity and Mortality Weekly Report,65(37),938–983.doi:10.15585/mmwr.mm6537a2PMID:27656914

Bergland,A.,Jarnlo,G.B.,&Laake,K.(2003).Predictorsoffallsintheelderlybylocation.Aging Clinical and Ex-
perimental Research,15(1),43–50.doi:10.1007/BF03324479PMID:12841418

283

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

http://hdl.handle.net/10400.11/5853


Compilation of References

Bergstrom,U.(2008).Fracturemechanismsandfracturepatterninmenandwomenaged50yearsandolder:Astudyof
a12-yearpopulation-basedinjuryregister,Umea,Sweden.Osteoporosis International,19(9),1267–1273.

Berland,A.,Gundersen,D.,&Bentsen,S.B.(2012).Patientsafetyandfalls:Aqualitativestudyofhomecarenursesin
Norway.Nursing & Health Sciences,14(4),452–457.doi:10.1111/j.1442-2018.2012.00701.xPMID:23043417

Bernstein,M.A.,King,K.F.,&Zhou,X.J.(2018).Handbook of MRI Pulse Sequences.AcademicPress.

Berry,S.D.,&Miller,R.R.(2008).Falls:Epidemiology,pathophysiology,andrelationshiptofracture.Current Osteo-
porosis Reports,6(4),149–154.doi:10.100711914-008-0026-4PMID:19032925

Bertrand,K.,Raymond,M.H.,Miller,W.C.,Ginis,K.A.M.,&Demers,L.(2017).Walkingaidsforenablingactivity
andparticipation:Asystematicreview.American Journal of Physical Medicine & Rehabilitation,96(12),894–903.
doi:10.1097/PHM.0000000000000836PMID:29176406

Berzlanovich,A.M.,Fazeny-Dörner,B.,Waldhoer,T.,Fasching,P.,&Keil,W. (2005).Foreignbodyasphyxia:A
preventablecauseofdeathintheelderly.American Journal of Preventive Medicine,28(1),65–69.doi:10.1016/S0749-
3797(04)00077-7PMID:15626557

Best,J.R.,Nagamatsu,L.S.,&Liu-Ambrose,T.(2014).Improvementstoexecutivefunctionduringexercisetrain-
ingpredictmaintenanceofphysicalactivityoverthefollowingyear.Frontiers in Human Neuroscience,8(May),1–9.
doi:10.3389/fnhum.2014.00353PMID:24904387

Beuscart,J.B.,Pelayo,S.,Robert,L.,Thevelin,S.,Marien,S.,&Dalleur,O.(2021).Medicationreviewandreconcili-
ationinolderadults.European Geriatric Medicine,12(3),499–507.doi:10.100741999-021-00449-9PMID:33583002

Bhadelia,R.A.,Price,L.L.,Tedesco,K.L.,Scott,T.,Qiu,W.Q.,Patz,S.,Folstein,M.,Rosenberg,I.,Caplan,L.R.,
&Bergethon,P.(2009).Diffusiontensorimaging,whitematterlesions,thecorpuscallosum,andgaitintheelderly.
Stroke,40(12),3816–3820.doi:10.1161/STROKEAHA.109.564765PMID:19797696

Bianco,M.L.,Pedell,S.,Renda,G.,&Kapoor,A.(2015).Aperson-centeredapproachforfallprevention:Embodying
thegoalsofolderadultsinpersonas.Proceedings of IASDR.

Bielemann,R.M.,Martinez-Mesa,J.,&Gigante,D.P.(2013).Physicalactivityduringlifecourseandbonemass:A
systematicreviewofmethodsandfindingsfromcohortstudieswithyoungadults.BMC Musculoskeletal Disorders,
14(1),77.doi:10.1186/1471-2474-14-77PMID:23497066

Bieniek, J.,Wilczyński,K.,&Szewieczek, J. (2016).Fried frailtyphenotypeassessmentcomponentsasapplied to
geriatricinpatients.Clinical Interventions in Aging,11,453–459.doi:10.2147/CIA.S101369PMID:27217729

Billings,M.D.,&Halstead,A.J.(2005).Teaching in Nursing. A Guide for Faculty.ElsevierSaunders.

Binder,E.F.,Schechtman,K.B.,Ehsani,A.A.,Steger-May,K.,Brown,M.,Sinacore,D.R.,Yarasheski,K.E.,&Hol-
loszy,J.O.(2002).Effectsofexercisetrainingonfrailtyincommunity-dwellingolderadults:Resultsofarandomized,
controlledtrial.Journal of the American Geriatrics Society,50(12),1921–1928.doi:10.1046/j.1532-5415.2002.50601.x
PMID:12473001

BiokineticsAssociationofNamibia.(2015).From:https://www.facebook.com/BiokineticsAssociationNamibia/photos/-
balance-and-fall-prevention-falls-are-one-of-the-most-serious-health-risks-for-/879826215401803/

Bisdorff,A.,Bosser,G.,Gueguen,R.,&Perrin,P.(2013).Theepidemiologyofvertigo,dizziness,andunsteadinessand
itslinkstoco-morbidities.Frontiers in Neurology,4,29.doi:10.3389/fneur.2013.00029PMID:23526567

284

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.facebook.com/BiokineticsAssociationNamibia/photos/-balance-and-fall-prevention-falls-are-one-of-the-most-serious-health-risks-for-/879826215401803/
https://www.facebook.com/BiokineticsAssociationNamibia/photos/-balance-and-fall-prevention-falls-are-one-of-the-most-serious-health-risks-for-/879826215401803/


Compilation of References

Bjerk,M.,Brovold,T.,Skelton,D.A.,&Bergland,A.(2017).Afallspreventionprogrammetoimprovequalityof
life,physicalfunctionandfallsefficacyinolderpeoplereceivinghomehelpservices:Studyprotocolforarandomised
controlledtrial.BMC Health Services Research,17(1),559.Advanceonlinepublication.doi:10.118612913-017-2516-5
PMID:28806904

Bjerk,M.,Brovold,T.,Skelton,D.A.,&Bergland,A.(2018).Associationsbetweenhealth-relatedqualityoflife,physical
functionandfearoffallinginolderfallersreceivinghomecare.BMC Geriatrics,18(1),253.doi:10.118612877-018-
0945-6PMID:30348098

Bjerk,M.,Brovold,T.,Skelton,D.A.,Liu-Ambrose,T.,&Bergland,A.(2019).Effectsofafallspreventionexercise
programmeonhealth-relatedqualityoflifeinolderhomecarerecipients:Arandomisedcontrolledtrial.Age and Ageing,
48(2),213–219.doi:10.1093/ageing/afy192PMID:30615055

Blaber,A.P.,Goswami,N.,Bondar,R.L.,&Kassam,M.S.(2011).Impairmentofcerebralbloodflowregulationin
astronautswithorthostaticintoleranceafterflight.Stroke,42(7),1844–1850.doi:10.1161/STROKEAHA.110.610576
PMID:21617145

Blaber,A.P.,Landrock,C.K.,&Souvestre,P.A.(2009).Cardio-posturaldeconditioning:Amodelforpostflightor-
thostaticintolerance.Respiratory Physiology & Neurobiology,169(Suppl.1),S21–S25.doi:10.1016/j.resp.2009.04.007
PMID:19379846

Black, A., & Wood, J. (2005). Vision and falls. Clinical & Experimental Optometry, 88(4), 212–222. https://doi.
org/10.1111/j.1444-0938.2005.tb06699.x

Blain,H.,Bernard,P.L.,Boubakri,C.,&Bousquet,J.(2019).Fallprevention.InPreventionofChronicDiseasesand
Age-RelatedDisability(p.12).doi:10.1007/978-3-319-96529-1_15

Blain,H.,Masud,T.,Dargent-Molina,P.,Martin,F.C.,Rosendahl,E.,vanderVelde,N.,Bousquet,J.,Benetos,A.,
Cooper,C.,Kanis,J.A.,Reginster,J.Y.,Rizzoli,R.,Cortet,B.,Barbagallo,M.,Dreinhöfer,K.E.,Vellas,B.,Maggi,S.,
&Strandberg,T.(2016).Acomprehensivefracturepreventionstrategyinolderadults:TheEuropeanUnionGeriatric
MedicineSociety(EUGMS)statement.The Journal of Nutrition, Health & Aging,20(6),647–652.doi:10.100712603-
016-0741-yPMID:27273355

Blanchet,C.,Chaire,L.,Chagnon,A.,Thibault,G.(2008).Activité physique et santé osseuse. Avis du comité scientifique 
de Kino-Québec.Québec:GouvernementduQuébec,Ministèredel’Éducation,duLoisiretduSport.

Blaschke,C.,Freddolino,P.,&Mullen,E.(2009).AgeingandTechnology:AReviewoftheResearchLiterature.British 
Journal of Social Work,39(4),641–656.doi:10.1093/bjsw/bcp025

Blaszczyk,J.W.,Lowe,D.L.,&Hansen,P.D.(1994).Rangesofposturalstabilityandtheirchangesintheelderly.Gait 
& Posture,2(1),11–17.doi:10.1016/0966-6362(94)90012-4

Bloem, B. R., Haan, J., Lagaay, A. M., Van Beek, W., Wintzen, A. R., & Roos, R. A. C. (1992). Investigation
of Gait in Elderly Subjects Over 88 Years of Age. Journal of Geriatric Psychiatry and Neurology, 5(2), 78–84.
doi:10.1177/002383099200500204PMID:1590914

Blyth,F.M.,Cumming,R.,Mitchell,P.,&Wang,J.J.(2007).Painandfallsinolderpeople.European Journal of Pain 
(London, England),11(5),564–571.doi:10.1016/j.ejpain.2006.08.001PMID:17015026

Boccaccini,R.,&Lenzi,A.(2002).Ilprogettodelle‘SoftQualities’nell’ediliziaospedaliera[The‘SoftQualities’project
inhospitalconstruction.].Progettare per la Sanità,68,46–54.

285

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Boehler,C.E.,deGraaf,G.,Steuten,L.,Yang,Y.,&Abadie,F.(2015).Developmentofaweb-basedtoolfortheassess-
mentofhealthandeconomicoutcomesoftheEuropeanInnovationPartnershiponActiveandHealthyAgeing(EIPon
AHA).BMC Medical Informatics and Decision Making, 15(Suppl3),S4.doi:10.1186/1472-6947-15-S3-S4

Bohnen,N.I.,Muller,M.L.,Kuwabara,H.,Cham,R.,Constantine,G.M.,&Studenski,S.A.(2009).Age-associated
striataldopaminergicdenervationandfallsincommunity-dwellingsubjects.Journal of Rehabilitation Research and 
Development,46(8),1045–1052.doi:10.1682/JRRD.2009.03.0030PMID:20157861

Bonnet,N.,&Ferrari,S.L.(2010,July).ExerciseandtheSkeleton:HowItWorksandWhatItReallyDoes.IBMS 
boneKEy,7(7),235–248.doi:10.1138/20100454

Booth,V.,Harwood,R.,Hood,V.,Masud,T.,&Logan,P.(2016).Understandingthetheoreticalunderpinningofthe
exercisecomponentinafallpreventionprogrammeforolderadultswithmilddementia:Arealistreviewprotocol.Sys-
tematic Reviews,5(1),1–10.doi:10.118613643-016-0212-xPMID:27435818

Borzuola,R.,Giombini,A.,Torre,G.,Campi,S.,Albo,E.,Bravi,M.,Borrione,P.,Fossati,C.,&Macaluso,A.(2020).
CentralandPeripheralNeuromuscularAdaptationstoAgeing.Journal of Clinical Medicine,9(3),741.doi:10.3390/
jcm9030741PMID:32182904

Bourke,A.K.,Barre,A.,Mariani,B.,ElAchkar,C.M.,Paraschiv-Ionescu,A.,Aminian,K.,Vereijken,B.,Skjaeret,
N.,&Helbostad,J.L.(2014).Designanddevelopmentofaninertialsensorbasedexergameforrecovery-steptraining.
Proceedings - 11th International Conference on Wearable and Implantable Body Sensor Networks Workshops, BSN 
Workshops 2014,27–32.10.1109/BSN.Workshops.2014.16

Boushon,B.,Nielsen,G.,Quigley,P.,Rutherford,P.,Taylor,J.,Shannon,D.,&Rita,S.(2012).How-to Guide: Reducing 
Patient Injuries from Falls.InstituteforHealthcareImprovement.Retrievedfromhttps://library.hill-rom.com/Supporting-
Evidence/Fall-Prevention/Clinical-Tools/How-to-Guide-Reducing-Patient-Injuries-From-Falls/

Bousquet,J.,Bewick,M.,Cano,A.,Eklund,P.,Fico,G.,Goswami,N.A.,Guldemond,N.A.,Henderson,D.,Hinkema,
M.J.,Liotta,G.,Mair,A.,Molloy,W.,Monaco,A.,Monsonis-Paya,I.,Nizinska,A.,Papadopoulos,H.,Pavlickova,A.,
Pecorelli,S.,Prados-Torres,A.,...deOliveira-Alves,B.(2017).Buildingbridgesforinnovationinageing:Synergies
betweenactiongroupsoftheEIPonAHA.The Journal of Nutrition, Health & Aging,21(1),92–104.doi:10.100712603-
016-0803-1PMID:27999855

Boxerman,J.L.,Bandettini,P.A.,Kwong,K.K.,Baker,J.R.,Davis,T.L.,Rosen,B.R.,&Weisskoff,R.M.(1995).
TheintravascularcontributiontofMRIsignalchange:MonteCarlomodelinganddiffusion-weightedstudiesinvivo.
Magnetic Resonance in Medicine,34(1),4–10.doi:10.1002/mrm.1910340103PMID:7674897

Boye,N.D.,vanderVelde,N.,&deVries,O.J.(2017).Effectivenessofmedicationwithdrawalinolderfallers:Re-
sultsfromtheImprovingMedicationPrescribingtoreduceRiskOfFALLs(IMPROveFALL)trial.Age and Ageing,46,
142–146.PMID:28181639

Braak,H.,&Braak,E.(1997).StagingofAlzheimer-relatedcorticaldestruction.International Psychogeriatrics,9(S1,
Suppl1),257–261.doi:10.1017/S1041610297004973PMID:9447446

Branco,J.C.,Felicissimo,P.,&Monteiro,J.(2009).Epidemiologyofhipfracturesanditssocialandeconomicimpact.A
revisionofsevereosteoporosiscurrentstandardofcare.Acta Reumatologica Portuguesa,34(3),475–485.PMID:19820671

Brandt,T.,&Daroff,R.B.(1980).Physicaltherapyforbenignparoxysmalpositionalvertigo.Archives of Otolaryngol-
ogy,106(8),484–485.https://doi.org/10.1001/archotol.1980.00790320036009

286

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://library.hill-rom.com/Supporting-Evidence/Fall-Prevention/Clinical-Tools/How-to-Guide-Reducing-Patient-Injuries-From-Falls/
https://library.hill-rom.com/Supporting-Evidence/Fall-Prevention/Clinical-Tools/How-to-Guide-Reducing-Patient-Injuries-From-Falls/


Compilation of References

Brännström,J.,Lövheim,H.,Gustafson,Y.,&Nordström,P.(2019).Associationbetweenantidepressantdruguseand
hipfractureinolderpeoplebeforeandaftertreatmentinitiation.JAMA Psychiatry,76(2),172–179.doi:10.1001/jama-
psychiatry.2018.3679PMID:30601883

Brasaitė,I.,Kaunonen,M.,Martinkėnas,A.,Mockienė,V.,&Suominen,T.(2016).Healthcareprofessionals’skills
regardingpatientsafety.Medicina, 52(4),250-256.

Breen,R.,&Müller,W. (2020).Education and intergenerational social mobility in Europe and the United States.
StanfordUniversityPress.

Breimaier,H.E.,Halfens,R.J.G.,&Lohrmann,C.(2015).Effectivenessofmultifacetedandtailoredstrategiesto
implementafall-preventionguidelineintoacutecarenursingpractice:Abefore-and-after,mixed-methodstudyusing
aparticipatoryactionresearchapproach.BMC Nursing,14(1),18.doi:10.118612912-015-0064-zPMID:25870522

Briggs,R.,Kennelly,S.P.,&Kenny,R.A. (2018).Doesbaselinedepression increase the riskofunexplainedand
accidentalfallsinacohortofcommunity‐dwellingolderpeople?DatafromTheIrishLongitudinalStudyonAgeing
(TILDA).International Journal of Geriatric Psychiatry,33(2),e205–e211.doi:10.1002/gps.4770PMID:28766755

Brinjikji,W.,Kallmes,D.F.,&Cloft,H.J.(2015).RisingutilizationofCTinadultfallpatients.AJR. American Journal 
of Roentgenology,204(3),558–562.doi:10.2214/AJR.14.13107PMID:25714285

Broadbent,J.,Reichmuth,J.,Trozic,I.,Kneihsl,M.,Rössler,A.,Green,D.A.,Rodriguez,J.,Hinghofer-Szalkay,H.,
Fazekas,F.,&Goswami,N.(2017).Adrenomedullinandgalaninresponsestoorthostasisinolderpersons.European 
Journal of Clinical Investigation,47(11),812–818.Advanceonlinepublication.doi:10.1111/eci.12803PMID:28796366

Broman,A.T.,West,S.K.,Munoz,B.,Bandeen-Roche,K.,Rubin,G.S.,&Turano,K.A.(2004).Dividedvisualat-
tentionasapredictorofbumpingwhilewalking:TheSalisburyEyeEvaluation.Investigative Ophthalmology & Visual 
Science,45,2955–2960.

Brooke,P.,&Bullock,R.(1999).Validationofa6itemcognitiveimpairmenttestwithaviewtoprimarycareusage.
International Journal of Geriatric Psychiatry,14(11),936–940.

Brownson,R.C.,Hoehner,C.M.,Day,K.,Forsyth,A.,&Sallis,J.F.(2009).Measuringthebuiltenvironmentfor
physicalactivity:Stateofthescience.American Journal of Preventive Medicine,36(4,Suppl),S99–123.e12.https://
doi.org/10.1016/j.amepre.2009.01.005

Brundle,C.,Waterman,H.A.,Ballinger,C.,Olleveant,N.,Skelton,D.A.,Stanford,P.,&Todd,C.(2015).Thecauses
offalls:Viewsofolderpeoplewithvisualimpairment.Health Expectations,18(6),2021–2031.https://doi.org/10.1111/
hex.12355

Buchner,D.M.,&Larson,E.B.(1987,March20).FallsandfracturesinpatientswithAlzheimer-typedementia.Journal 
of the American Medical Association,257(11),1492–1495.doi:10.1001/jama.1987.03390110068028PMID:3820464

Buckey,J.C.Jr,Lane,L.D.,Levine,B.D.,Watenpaugh,D.E.,Wright,S.J.,Moore,W.E.,Gaffney,F.A.,&Blomqvist,
C. G. (1996). Orthostatic intolerance after spaceflight. Journal of Applied Physiology, 81(1), 7–18. doi:10.1152/
jappl.1996.81.1.7PMID:8828642

Bulajic-Kopjar,M.(2000).Seasonalvariationsinincidenceoffracturesamongelderlypeople.Injury Prevention,6(1),
16–19.doi:10.1136/ip.6.1.16PMID:10728535

287

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

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.,Dempsey,P.C.,DiPietro,L.,Ekelund,U.,Firth,J.,Friedenreich,C.M.,Garcia,L.,Gichu,M.,Jago,R.,
Katzmarzyk,P.T.,...Willumsen,J.F.(2020).WorldHealthOrganization2020guidelinesonphysicalactivityandsedentary
behaviour.British Journal of Sports Medicine,54(24),1451–1462.doi:10.1136/bjsports-2020-102955PMID:33239350

Burge,R.,Dawson-Hughes,B.,Solomon,D.H.,Wong,J.B.,King,A.,&Tosteson,A.(2007).Incidenceandeconomic
burdenofosteoporosis-relatedfracturesintheUnitedStates,2005-2025.Journal of Bone and Mineral Research,22(3),
465–475.doi:10.1359/jbmr.061113PMID:17144789

Buring,S.A.,Bhushan,A.,Broeseker,A.,Conway,S.,Duncan-Hewitt,W.,Hansen,L.,&Westberg,S.(2009).Inter-
professionalEducation:Definitions,StudentCompetencies,andGuidelinesforImplementation.American Journal of 
Pharmaceutical Education,73(4),59.doi:10.5688/aj730459PMID:19657492

Burnes,D.,Sheppard,C.,Henderson,C.R.Jr,Wassel,M.,Cope,R.,Barber,C.,&Pillemer,K.(2019).Interventionsto
reduceageismagainstolderadults:Asystematicreviewandmeta-analysis.American Journal of Public Health,109(8),
e1–e9.doi:10.2105/AJPH.2019.305123PMID:31219720

Burns,A.,Lawlor,B.,&Craig,S.(2009).Assessment Scales in Old Age Psychiatry(2nded.).InformaHealthcare.

Busch,I.,Saxena,A.,&Wu,A.(2020).PuttingthePatientinPatientSafetyInvestigations:BarriersandStrategiesfor
Involvement.Journal of Patient Safety.Advanceonlinepublication.doi:10.1097/PTS.0000000000000699PMID:32195779

Buttigieg,S.C.,Ilinca,S.,deSaoJose,J.M.,&Larsson,A.T.(2018).Researchingageisminhealth-careandlongterm
care.InContemporary perspectives on ageism(pp.493–515).Springer.doi:10.1007/978-3-319-73820-8_29

Buurman,B.M.,VanMunster,B.C.,Korevaar,J.C.,DeHaan,R.J.,&DeRooij,S.E.(2011).Variabilityinmeasuring
(instrumental)activitiesofdailylivingfunctioningandfunctionaldeclineinhospitalizedoldermedicalpatients:Asys-
tematicreview.Journal of Clinical Epidemiology,64(6),619–627.doi:10.1016/j.jclinepi.2010.07.005PMID:21074969

Cabrita,M.,Tabak,M.,&Vollenbroek-Hutten,M.M.(2019).OlderAdults’AttitudesTowardAmbulatoryTechnologyto
SupportMonitoringandCoachingofHealthyBehaviors:QualitativeStudy.JMIR Aging, 2(1),e10476.doi:10.2196/10476

Cacioppo,J.T.,&Cacioppo,S.(2018).Loneliness in the modern age: An evolutionary theory of loneliness (ETL)(Vol.
58).Elsevier.

Cadore,E.L.,Izquierdo,M.,Conceição,M.,Radaelli,R.,Pinto,R.S.,Baroni,B.M.,Vaz,M.A.,Alberton,C.L.,Pinto,
S.S.,Cunha,G.,Bottaro,M.,&Kruel,L.F.M.(2012).Echointensityisassociatedwithskeletalmusclepowerand
cardiovascularperformanceinelderlymen.Experimental Gerontology,47(6),473–478.doi:10.1016/j.exger.2012.04.002
PMID:22525196

Cadore,E.L.,Rodríguez-Mañas,L.,Sinclair,A.,&Izquierdo,M.(2013).Effectsofdifferentexerciseinterventionson
riskoffalls,gaitability,andbalanceinphysicallyfrailolderadults:Asystematicreview.Rejuvenation Research,16(2),
105–114.doi:10.1089/rej.2012.1397PMID:23327448

Cai,L.,Chan,J.S.Y.,Yan,J.H.,&Peng,K.(2014).Brainplasticityandmotorpracticeincognitiveaging.Frontiers 
in Aging Neuroscience,6(MAR),1–12.doi:10.3389/fnagi.2014.00031PMID:24653695

Caldas,P.M.(2013).Avaliação da mortalidade e funcionalidade um ano após fratura da extremidade proximal do 
fémur.UniversidadedaBeiraInterior.

Camargo,B.V.,&Justo,A.M.(2013).Tutorial para uso do software de análise textual IRAMUTEQ. Laboratório de 
Psicologia Social da Comunicação e Cognição – LACCOS.UniversidadeFederaldeSantaCatarina,Brasil.Disponível
emhttp://www.iramuteq.org

288

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

http://www.iramuteq.org


Compilation of References

Cameron,I.D.,Dyer,S.M.,Panagoda,C.E.,Murray,G.R.,Hill,K.D.,Cumming,R.G.,&Kerse,N.(2018).Interven-
tionsforpreventingfallsinolderpeopleincarefacilitiesandhospitals.Cochrane Database of Systematic Reviews,9,
Cd005465.doi:10.1002/14651858.CD005465.pub4PMID:30191554

Campbell,A.J.,&Robertson,M.C.(2006).Implementationofmultifactorialinterventionsforfallandfracturepreven-
tion.Age and Ageing,35(Suppl2),ii60–ii64.doi:10.1093/ageing/afl089PMID:16926208

Campbell,A.J.,Robertson,M.C.,Gardner,M.M.,Norton,R.N.,&Buchner,D.M.(1999).Psychotropicmedication
withdrawalandahome-basedexerciseprogramtopreventfalls:Arandomized,controlledtrial.Journal of the American 
Geriatrics Society,47(7),850–853.doi:10.1111/j.1532-5415.1999.tb03843.xPMID:10404930

Campbell,M.R.,&Charles,J.B.(2015).Historicalreviewoflowerbodynegativepressureresearchinspacemedicine.
Aerospace Medicine and Human Performance,86(7),633–640.doi:10.3357/AMHP.4246.2015PMID:26102144

Canada,B.,Stephan,Y.,Sutin,A.R.,&Terracciano,A.(2020).Personalityandfallsamongolderadults:Evidence
from a longitudinal cohort. The Journals of Gerontology: Series B, 75(9), 1905–1910. doi:10.1093/geronb/gbz040
PMID:30945733

Canhão,H.,Lucas,R.,Fonseca,J.E.,Costa,L.,Romeu,J.C.,Branco,J.,&Barros,H.(2008).Factorsinfluencing
calcaneusquantitativeultrasoundmeasurementsinanurbanpopulation.Clinical and Experimental Rheumatology,26,
67–72.PMID:18328149

Carmichael,L.,Townshend,T.G.,Fischer,T.B.,Lock,K.,Petrokofsky,C.,Sheppard,A.,Sweeting,D.,&Ogilvie,
F.(2019).Urbanplanningasanenablerofurbanhealth:ChallengesandgoodpracticeinEnglandfollowingthe2012
planningandpublichealthreforms.Land Use Policy,84,154–162.

CarpinelliMazzi,M.,Iavarone,A.,Russo,G.,Musella,C.,Milan,G.,D’Anna,F.,Garofalo,E.,Chieffi,S.,Sannino,
M.,Illario,M.,DeLuca,V.,Postiglione,A.,Abete,P.,&Workinggroup.(2020).Mini-MentalStateExamination:new
normativevaluesonsubjectsinSouthernItaly.Aging Clin Exp Res, 32,699–702.doi:10.100740520-019-01250-2

Carrick-Ranson,G.,Sloane,N.M.,Howden,E.J.,Bhella,P.S.,Sarma,S.,Shibata,S.,Fujimoto,N.,Hastings,J.L.,
&Levine,B.D.(2020).Theeffectoflifelongenduranceexerciseoncardiovascularstructureandexercisefunctionin
women.The Journal of Physiology,598(13),2589–2605.doi:10.1113/JP278503PMID:32347540

Carville,S.F.,Perry,M.C.,Rutherford,O.M.,Smith,I.C.H.,&Newham,D.J.(2007).Steadiness of quadriceps 
contractions in young and older adults with and without a history of falling.doi:10.100700421-006-0245-2

Casas,A.,&Izquierdo,M.(2012).Physicalexerciseasanefficientinterventioninfrailelderlypersonsphysicalexercise
asanefficientinterventioninfrailelderlypersons[Ejerciciofisicocomointervencioneficazenelancianofragil].Anales 
del Sistema Sanitario de Navarra,35(1),69–85.PMID:22552129

Cassady,K.,Koppelmans,V.,Reuter-Lorenz,P.,DeDios,Y.,Gadd,N.,Wood,S.,Castenada,R.R.,Kofman,I.,Bloomberg,
J.,Mulavara,A.,&Seidler,R.(2016).Effectsofaspaceflightanalogenvironmentonbrainconnectivityandbehavior.
NeuroImage,141,18–30.doi:10.1016/j.neuroimage.2016.07.029PMID:27423254

Cataldi,M.,DeLuca,V.,Tramontano,G.,DelGiudice,C.,Grimaldi,I.,Cuccaro,P.,Speranza,P.,Iadicicco,G.,Iadicicco,
V.,Carotenuto,F.,Riccio,P.A.,DiSpigna,G.,Renzullo,A.,Vuolo,L.,Barrea,L.,Savastano,S.,Colao,A.,Liotta,G.,
Iaccarino,G.,Abete,P.,…Illario,M.(2019).AnApproachtoPreventFrailtyinCommunityDwellingOlderAdults:
apilotstudyperformedinCampaniaregionintheframeworkofthePERSSILAAproject.Translational Medicine @ 
UniSa, 19,42–48.

289

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Cederbom,S.,&Arkkukangas,M.(2019). Impactof thefallpreventionotagoexerciseprogrammeonpainamong
community-dwellingolderadults:Ashort-andlong-termfollow-upstudy.Clinical Interventions in Aging,14,721–726.
doi:10.2147/CIA.S200188PMID:31118594

CenterforAdvancementofInterprofessionalEducation(CAIPE).(2008).Retrievedfromhttps://www.caipe.org/

CenterforAppliedSpecialTechnology(CAST).(2018).Universal Design for Learning Guidelines version 2.2.http://
udlguidelines.cast.org

CenterforDiseaseControlandPrevention(CDC).(n.d.).Cost of falls among older adults.RetrievedNovember18,2019
fromhttps://www.cdc.gov/homeandrecreationalsafety/falls/fallcost.html

CenterofDiseaseControlandPrevention.(2003).Public Health and Aging : Trends in Aging -United States and World-
wide.Author.

CenterofDiseaseControlandPrevention.(2018).Important Facts about Falls.RetrievedFebruary24,2021,from
https://www.cdc.gov/homeandrecreationalsafety/falls/adultfalls.html

Center,J.R.,Bliuc,D.,Nguyen,T.V.,&Eisman,J.A.(2007).Riskofsubsequentfractureafterlow-traumafracture
in men and women. Journal of the American Medical Association, 297(4), 387–394. doi:10.1001/jama.297.4.387
PMID:17244835

CentersforDiseaseControl(CDC),NationalCenterforInjuryPreventionandControl.(2017a).Medications Linked to 
Falls.https://www.cdc.gov/steadi/pdf/STEADI-FactSheet-MedsLinkedtoFalls-508.pdf

Centers forDiseaseControl (CDC),NationalCenter for InjuryPreventionandControl. (2017b).SAFE-Medication 
Review Framework.https://www.cdc.gov/steadi/pdf/STEADI-FactSheet-SAFEMedReview-508.pdf

Cerderbom,S.,Bjerk,M.,&Bergland,A.(2020).Thetensionsbetweenmicro-,meso-Andmacro-levels:Physiothera-
pists’viewsoftheirroletowardsfallpreventioninthecommunity-Aqualitativestudy.BMC Health Services Research,
20(1),97.Advanceonlinepublication.doi:10.118612913-020-4940-1PMID:32028938

Cerejeira,J.,Lagarto,L.,&Mukaetova-Ladinska,E.B.(2012).Behavioralandpsychologicalsymptomsofdementia.
Front Neurol, 3,73.

Chan,S.,&Ellen,I.G.(2017).HousingforanAgeingPopulation.Housing Policy Debate,27(2),167–192.

Chan,W.C.,FaiYeung,J.W.,ManWong,C.S.,WaLam,L.C.,Chung,K.F.,HayLuk,J.K.,WahLee,J.S.,&Kin
Law,A.C.(2015).Efficacyofphysicalexerciseinpreventingfallsinolderadultswithcognitiveimpairment:Asystem-
aticreviewandmeta-analysis.Journal of the American Medical Directors Association,16(2),149–154.doi:10.1016/j.
jamda.2014.08.007PMID:25304179

Charbonneau,S.,Whitehead,V.,&Collin,I.(2005).The Montreal Cognitive Assessment, MoCA : A Brief Screening.
AcademicPress.

Charlson,M.,Szatrowski,T.P.,Peterson,J.,&Gold,J.(1994).Validationofacombinedcomorbidityindex.Journal of 
Clinical Epidemiology,47(11),1245–1251.doi:10.1016/0895-4356(94)90129-5PMID:7722560

Charnow,J.A.(2020).In-hospital falls often linked to nocturnal toileting.https://www.medbriefnamibia.com/in-hospital-
falls-often-linked-to-nocturnal-toileting/doi:10.14419/ijh.v5i1.7303

Cheng,A.L.,Batool,S.,McCreary,C.R.,Lauzon,M.L.,Frayne,R.,Goyal,M.,&Smith,E.E.(2013).Susceptibility-
weightedimagingismorereliablethanT2*-weightedgradient-recalledechoMRIfordetectingmicrobleeds.Stroke,
44(10),2782–2786.doi:10.1161/STROKEAHA.113.002267PMID:23920014

290

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.caipe.org/
http://udlguidelines.cast.org
http://udlguidelines.cast.org
https://www.cdc.gov/homeandrecreationalsafety/falls/fallcost.html
https://www.cdc.gov/homeandrecreationalsafety/falls/adultfalls.html
https://www.cdc.gov/steadi/pdf/STEADI-FactSheet-MedsLinkedtoFalls-508.pdf
https://www.cdc.gov/steadi/pdf/STEADI-FactSheet-SAFEMedReview-508.pdf
https://www.medbriefnamibia.com/in-hospital-falls-often-linked-to-nocturnal-toileting/
https://www.medbriefnamibia.com/in-hospital-falls-often-linked-to-nocturnal-toileting/


Compilation of References

Cheng,K.K.,Cheng,L.Y.,Robinovitch,S.N.,&Lotz,J.C.(2003).JointTorqueInfluencesTorsoAngleAndImpact
SeverityDuringBackwardFalls.49th Annual Meeting of the Orthopaedic Research Society.

Chen,R.,Chien,W.C.,Kao,C.C.,Chung,C.H.,Liu,D.,Chiu,H.L.,&Chou,K.R.(2018).Analysisoftheriskand
riskfactorsforinjuryinpeoplewithandwithoutdementia:A14-year,retrospective,matchedcohortstudy.Alzheimer’s 
Research & Therapy,10(1),111.doi:10.118613195-018-0437-0PMID:30376887

Chen,R.,Wu,Q.,Wang,D.,Li,Z.,Liu,H.,Liu,G.,...Song,L.(2019).Effectsofelasticbandexerciseonthefrailty
statesinpre-frailelderlypeople.Physiotherapy Theory and Practice,00(00),1–9.doi:10.1080/09593985.2018.15486
73PMID:30741081

Cho,B.L.,Scarpace,D.,&Alexander,N.B.(2004).Testsofsteppingasindicatorsofmobility,balance,andfallriskin
balance-impairedolderadults.Journal of the American Geriatrics Society,52(7),1168–1173.https://doi.org/10.1111/
j.1532-5415.2004.52317.x

Cho,B.Y.,Seo,D.C.,Lin,H.C.,Lohrmann,D.K.,&Chomistek,A.K.(2018).BMIandcentralobesitywithfalls
amongcommunity-dwellingolderadults.American Journal of Preventive Medicine,54(4), e59–e66.doi:10.1016/j.
amepre.2017.12.020PMID:29433954

Chodzko-Zajko,W.J.,Proctor,D.N.,FiataroneSingh,M.A.,Minson,C.T.,Nigg,C.R.,Salem,G.J.,&Skinner,J.S.
(2009).Exerciseandphysicalactivityforolderadults.Medicine and Science in Sports and Exercise,41(7),1510–1530.
doi:10.1249/MSS.0b013e3181a0c95cPMID:19516148

Chong,D.K.-H.(1995).MeasurementofInstrumentalActivitiesofDailyLivinginStroke.Stroke,26(6),1119–1122.
doi:10.1161/01.STR.26.6.1119PMID:7762032

Chou,C.H.,Hwang,C.L.,&Wu,Y.T.(2012).Effectofexerciseonphysicalfunction,dailylivingactivities,andqual-
ityoflifeinthefrailolderadults:Ameta-analysis.Archives of Physical Medicine and Rehabilitation,93(2),237–244.
doi:10.1016/j.apmr.2011.08.042PMID:22289232

Chupel,M.U.,Direito,F.,Furtado,G.E.,Minuzzi,L.G.,Pedrosa,F.M.,Colado,J.C.,Ferreira,J.P.,Filaire,E.,&
Teixeira,A.M.(2017).Strengthtrainingdecreasesinflammationandincreasescognitionandphysicalfitnessinolder
womenwithcognitiveimpairment.Frontiers in Physiology,8(JUN),1–13.doi:10.3389/fphys.2017.00377PMID:28659812

CisnerosHerreros,J.M.,&PeñalvaMoreno,G.(2010).Areviewofphysicalandcognitiveinterventionsinaging.GEF 
Bulletin of Biosciences,1(1),1–6.

Clack,L.,&Ellison,R.(2019).InnovationinServiceDesignThinking.InM.A.Pfannstiel&C.Rasche(Eds.),Ser-
vice Design and Service Thinking in Healthcare and Hospital Management: Theory, Concepts, Practice(pp.85–92).
SpringerInternational.

Clancy,A.,Balteskard,B.,Perander,B.,&Mahler,M.(2015).Olderpersons’narrationsonfallsandfalling-Storiesof
courageandendurance.International Journal of Qualitative Studies on Health and Well-being,10(1),10.doi:10.3402/
qhw.v10.26123PMID:25575686

Clancy,A.,&Mahler,M.(2016).Nursingstaffs’attentivenesstoolderadultsfallinginresidentialcare-aninterview
study.Journal of Clinical Nursing,25(9–10),1405–1415.doi:10.1111/jocn.13240PMID:27009497

Colado,J.C.,Pedrosa,F.M.,Juesas,A.,Gargallo,P.,Carrasco,J.J.,Flandez,J.,…Naclerio,F.(2018).Concurrent 
validation of the OMNI-Resistance Exercise Scale of perceived exertion with elastic bands in the elderly.AcademicPress.

291

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Coleman,A.L.,Cummings,S.R.,Yu,F.,Kodjebacheva,G.,Ensrud,K.E.,Gutierrez,P.,Stone,K.L.,Cauley,J.A.,
Pedula,K.L.,Hochberg,M.C.,Mangione,C.M.,&StudyGroupofOsteoporoticFractures(2007).Binocularvisual-
fieldlossincreasestheriskoffuturefallsinolderwhitewomen.Journal of the American Geriatrics Society, 55(3),
357–364.doi:10.1111/j.1532-5415.2007.01094.x

Coleman,A.J.,Finn,G.M.,&Nattress,B.R.(2018).Interprofessionaleducationindentistry.British Dental Journal,
225(3),257–262.doi:10.1038j.bdj.2018.547PMID:30072785

Collier,A.,Sorensen,R.,&Iedema,R.(2016).Patients’andfamilies’perspectivesofpatientsafetyattheendoflife:A
video-reflexiveethnographystudy.International Journal for Quality in Health Care,28(1),66–73.doi:10.1093/intqhc/
mzv095PMID:26668105

ComissãoEuropeia(2020).Internal Market, Industry, Entrepreneurship and SMEs - Algarve Region of Portugal.Author.

CommissionontheSocialDeterminantsofHealth(CSDH).(2008).Closing the Gap in a Generation: Health Equity 
Through Action on the Social Determinants of Health.WorldHealthOrganization.

ComunitàdiSant’Egidio.(2021,July5).The Long Live the Elderly program.https://www.longlivetheelderly.org/

Convertino,V.(2007).Bloodvolumeresponsetophysicalactivityandinactivity.The American Journal of the Medical 
Sciences,334(1),72–79.doi:10.1097/MAJ.0b013e318063c6e4PMID:17630597

Cooper,C.,Selwood,A.,Blanchard,M.,Walker,Z.,Blizard,R.,&Livingston,G.(2009).Abuseofpeoplewithdementia
byfamilycarers:representativecrosssectionalsurvey.BMJ, 338,b155.

Cooper,C.,Selwood,A.,&Livingston,G.(2008).Theprevalenceofelderabuseandneglect:Asystematicreview.Age 
and Ageing,37(2),151–160.doi:10.1093/ageing/afm194PMID:18349012

Cordonnier, C., Klijn, C. J., van Beijnum, J., & Al-Shahi Salman, R. (2010). Radiological investigation of spon-
taneous intracerebral hemorrhage: Systematic review and trinational survey. Stroke, 41(4), 685–690. doi:10.1161/
STROKEAHA.109.572495PMID:20167915

Cordonnier,C.,vanderFlier,W.M.,Sluimer,J.D.,Leys,D.,Barkhof,F.,&Scheltens,P.(2006).Prevalenceandsever-
ityofmicrobleedsinamemoryclinicsetting.Neurology,66(9),1356–1360.doi:10.1212/01.wnl.0000210535.20297.
aePMID:16682667

Coupland,C.,Dhiman,P.,Morriss,R.,Arthur,A.,Barton,G.,&Hippisley-Cox,J.(2011).Antidepressantuseandrisk
ofadverseoutcomesinolderpeople:Populationbasedcohortstudy.BMJ (Clinical Research Ed.),343(aug021),d4551.
doi:10.1136/bmj.d4551PMID:21810886

Courteix,D.,&Jaffre,C.(2005).Cumulativeeffectsofcalciumsupplementationandphysicalactivityonboneaccre-
tioninpremenarchalchildren:adouble-blindrandomisedplacebo-controlledtrial.Journal of Sports ….Retrievedfrom
https://www.thieme-connect.com/ejournals/abstract/10.1055/s-2004-821040

Covey,H.C.(1992).Thedefinitionsofthebeginningofoldageinhistory.International Journal of Aging & Human 
Development,34(4),325–337.doi:10.2190/GBXB-BE1F-1BU1-7FKKPMID:1607219

Cox,S.I.,&Hooper,G.(2020).ImprovingBoneHealthandDetectionofosteoporosis.The Journal for Nurse Practi-
tioners.Advanceonlinepublication.doi:10.1016/j.nurpra.2020.05.008

Craig,C.E.,Goble,D.J.,&Doumas,M.(2016).Proprioceptiveacuitypredictsmuscleco-contractionofthetibialis
anteriorandgastrocnemiusmedialisinolderadults’dynamicposturalcontrol.Neuroscience,322,251–261.https://doi.
org/10.1016/j.neuroscience.2016.02.036

292

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.longlivetheelderly.org/
https://www.thieme-connect.com/ejournals/abstract/10.1055/s-2004-821040


Compilation of References

Cravello,L.,DiSanto,S.,Varrassi,G.,Benincasa,D.,Marchettini,P.,deTommaso,M.,Shofany,J.,Assogna,F.,Perotta,
D.,Palmer,K.,Paladini,A.,diIulio,F.,&Caltagirone,C.(2019).ChronicPainintheElderlywithCognitiveDecline:
ANarrativeReview.Pain and Therapy,8(1),53–65.doi:10.100740122-019-0111-7PMID:30666612

Cruz-Jentoft,A.J.,Baeyens,J.P.,Bauer,J.M.,Boirie,Y.,Cederholm,T.,Landi,F.,Martin,F.C.,Michel,J.-P.,Rol-
land,Y.,Schneider,S.M.,Topinkova,E.,Vandewoude,M.,&Zamboni,M.(2010).Sarcopenia:Europeanconsensus
ondefinitionanddiagnosis.Age and Ageing,39(4),412–423.doi:10.1093/ageing/afq034PMID:20392703

Cruz-Jentoft,A.J.,Bahat,G.,Bauer,J.,Boirie,Y.,Bruyère,O.,Cederholm,T.,Cooper,C.,Landi,F.,Rolland,Y.,Sayer,
A.A.,Schneider,S.M.,Sieber,C.C.,Topinkova,E.,Vandewoude,M.,Visser,M.,Zamboni,M.,Bautmans,I.,Baeyens,
J.-P.,Cesari,M.,...Schols,J.(2019).Sarcopenia:RevisedEuropeanconsensusondefinitionanddiagnosis.Age and 
Ageing,48(1),16–31.doi:10.1093/ageing/afy169PMID:30312372

Cuevas-trisan,R.(2019).Balance Falls Older adults Risk factors.AcademicPress.

Cuevas-trisan,R. (2019).Balance Problems and Fall Risks in the Elderly Balance Falls Older adults Risk factors.
AcademicPress.

Currie,W.L.,&Seddon,J.J.M.(2014).Across-nationalanalysisofeHealthintheEuropeanUnion:Somepolicyand
researchdirections.Information & Management,51(6),783–797.

Cvirn,G.,Waha,J.E.,Ledinski,G.,Schlagenhauf,A.,Leschnik,B.,Koestenberger,M.,Tafeit,E.,Hinghofer-Szalkay,
H.,&Goswami,N.(2015).Bedrestdoesnotinducehypercoagulability.European Journal of Clinical Investigation,
45(1),63–69.doi:10.1111/eci.12383PMID:25413567

daCosta,B.R.,Rutjes,A.W.,Mendy,A.,Freund-Heritage,R.,&Vieira,E.R.(2012).Canfallsriskpredictiontools
correctlyidentifyfall-proneelderlyrehabilitationinpatients?Asystematicreviewandmeta-analysis.PLoS One,7(7),
e41061.doi:10.1371/journal.pone.0041061PMID:22815914

daCosta,J.A.,Ribeiro,A.,&Bogas,M.(2009).Mortalityandfunctionalimpairmentafterhipfracture–aprospective
studyinaPortuguesepopulation.Acta Reumatologica Portuguesa,34(4),618–626.PMID:20852575

Daly,R.M.,O’Connell,S.L.,Mundell,N.L.,Grimes,C.A.,Dunstan,D.W.,&Nowson,C.A.(2014).Protein-enriched
diet,withtheuseofleanredmeat,combinedwithprogressiveresistancetrainingenhancesleantissuemassandmuscle
strengthandreducescirculatingIL-6concentrationsinelderlywomen:Aclusterrandomizedcontrolledtrial.The Ameri-
can Journal of Clinical Nutrition,99(4),899–910.doi:10.3945/ajcn.113.064154PMID:24477043

Danielsen,A.,Olofsen,H.,&Bremdal,B.A.(2016).Increasingfallriskawarenessusingwearables:Afallriskaware-
nessprotocol.Journal of Biomedical Informatics,63,184–194.https://doi.org/10.1016/j.jbi.2016.08.016

Danielson,K.,Hall,T.,Endres,T.,Jones,C.,&Sietsema,D.(2019).ClinicalIndicationsofComputedTomography
(CT)oftheHeadinPatientsWithLow-EnergyGeriatricHipFractures:AFollow-UpStudyataCommunityHospital.
Geriatric Orthopaedic Surgery & Rehabilitation, 10. Advance online publication. doi:10.1177/2151459319861562
PMID:31308993

DATASUS.(2009).Indicadores e Dados Básicos Para a Saude.Retrievedfromhttp://tabnet.datasus.gov.br/cgi/idb2009/
folder.htm

Davis,L.A.,Alenazy,M.S.,Almuklass,A.M.,Feeney,D.F.,Vieira,T.,Botter,A.,&Enoka,R.M.(2020).Forcecontrol
duringsubmaximalisometriccontractionsisassociatedwithwalkingperformanceinpersonswithmultiplesclerosis.
Journal of Neurophysiology,123(6),2191–2200.doi:10.1152/jn.00085.2020PMID:32347151

293

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

http://tabnet.datasus.gov.br/cgi/idb2009/folder.htm
http://tabnet.datasus.gov.br/cgi/idb2009/folder.htm


Compilation of References

deBoer,M.R.,Pluijm,S.M.,Lips,P.,Moll,A.C.,Völker-Dieben,H.J.,Deeg,D.J.,&vanRens,G.H.(2004).Dif-
ferentaspectsofvisualimpairmentasriskfactorsforfallsandfracturesinoldermenandwomen.Journal of Bone and 
Mineral Research, 19(9),1539–1547.doi:10.1359/JBMR.040504

DeGiovanni,G.(2014).UP3. Social Housing per la terza età[UP3.SocialHousingfortheThirdAge].Aracne.

deGroot,G.C.L.,Al-Fattal,A.,&Sandven,I.(2020).Fallsinhospital:Acase–controlstudy.Scandinavian Journal 
of Caring Sciences,34(2),332–339.doi:10.1111cs.12733PMID:31294860

DeJager,C.A.,Hogervorst,E.,Combrinck,M.,&Budge,M.M.(2003).Sensitivityandspecificityofneuropsychological
testsformildcognitiveimpairment,vascularcognitiveimpairmentandAlzheimer’sdisease.Psychological Medicine,
33(6),1039–1050.doi:10.1017/S0033291703008031PMID:12946088

de Jong,M.R.,VanderElst,M.,&Hartholt,K.A. (2013).Drug-related falls inolderpatients: Implicateddrugs,
consequences, andpossible prevention strategies.Therapeutic Advances in Drug Safety, 4(4), 147–154. https://doi.
org/10.1177/2042098613486829

DeLaat,K.F.,Tuladhar,A.M.,VanNorden,A.G.W.,Norris,D.G.,Zwiers,M.P.,&DeLeeuw,F.E.(2011).Lossof
whitematterintegrityisassociatedwithgaitdisordersincerebralsmallvesseldisease.Brain,134(1),73–83.doi:10.1093/
brain/awq343PMID:21156660

DeLuca,V.,Birov,S.,Beyhan,O.,Robinson,S.,Sanchez-Nanclares,G.,DelPilarLópezAcuña,M.,Fernandes,A.,
Hammerschmidt,R.,Annuzzi,G.,Iaccarino,G.,&Illario,M.(2019b).EuropeanSpecificationsforValue-basedPre-
CommercialProcurementofInnovativeICTforEmpowermentandSelf-managementofDiabetesMellitusPatients.
Proceedings of the 5th International Conference on Information and Communication Technologies for Ageing Well and 
e-Health (ICT4AWE 2019).

DeLuca,V.,Tramontano,G.,DelGiudice,C.,Grimaldi,I.,Romano,R.,Liguori,I.,CarpinelliMazzi,M.,DiCarluccio,
N.,Riccio,P.A.,Speranza,P.,Iavarone,A.,Abete,P.,Postiglione,A.,Cataldi,M.,Vallone,C.,Giallauria,F.,Cittadini,
A.,Triggiani,M.,Savastano,S.,Menditto,E.,…Illario,M.(2019).InnovativeApproachestoActiveandHealthyAge-
ing:CampaniaExperiencetoImprovetheAdoptionofInnovativeGoodPractices.Translational Medicine @ UniSa, 
19,116–123.

deLuca,C.J.,LeFever,R.S.,McCue,M.P.,&Xenakis,A.P.(1982).Behaviourofhumanmotorunitsindifferent
musclesduringlinearlyvaryingcontractions.The Journal of Physiology,329(1),113–128.doi:10.1113/jphysiol.1982.
sp014293PMID:7143246

deMenezes,R.L.,&Bachion,M.M.(2008).Estudodapresençadefatoresderiscos intrínsecosparaquedas,em
idosos institucionalizados. Ciencia & Saude Coletiva, 13(4), 1209–1218. doi:10.1590/S1413-81232008000400017
PMID:18813620

deOliveira,M.R.,Inokuti,T.T.,Bispo,N.N.daC.,&Oliveira,D.(2015).Elderlyindividualswithincreasedriskoffalls
showposturalbalanceimpairment.Fisioterapia em Movimento,28(2),269–276.doi:10.1590/0103-5150.028.002.ao07

deSoutoBarreto,P.,Morley,J.E.,Chodzko-Zajko,W.,&Pitkala,H.,K.,Weening-Djiksterhuis,E.,Rodriguez-Ma????as,
L.,…Rolland,Y.(.(2016).RecommendationsonPhysicalActivityandExerciseforOlderAdultsLivinginLong-
TermCareFacilities:ATaskforceReport.Journal of the American Medical Directors Association,17(5),381–392.
doi:10.1016/j.jamda.2016.01.021PMID:27012368

deVette,F.,Tabak,M.,Dekker-vanWeering,M.,&Vollenbroek-Hutten,M.(2015).EngagingElderlyPeopleinTele-
medicineThroughGamification.JMIR Serious Games,3(2),e9.https://doi.org/10.2196/games.4561

294

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

deVries,M.,Seppala,L.J.,&Daams,J.G.(2018).Fall-Risk-IncreasingDrugs:ASystematicReviewandMeta-Analysis:
I.CardiovascularDrugs.J Am Med Dir Assoc., 19(371),e1-e9.

deVries,M.,Seppala,L.J.,Daams,J.G.,vandeGlind,E.M.M.,Masud,T.,vanderVelde,N.,Blain,H.,Bousquet,J.,
Bucht,G.,Caballero-Mora,M.A.,vanderCammen,T.,Eklund,P.,Emmelot-Vonk,M.,Gustafson,Y.,Hartikainen,S.,
Kenny,R.A.,Laflamme,L.,Landi,F.,Masud,T.,...vanderVelde,N.(2018).Fall-Risk-IncreasingDrugs:ASystematic
ReviewandMeta-Analysis:I.CardiovascularDrugs.Journal of the American Medical Directors Association,19(4),
371.e1–371.e9.doi:10.1016/j.jamda.2017.12.013PMID:29396189

deVries,N.M.,vanRavensberg,C.D.,Hobbelen,J.S.M.,OldeRikkert,M.G.M.,Staal,J.B.,&Nijhuis-vander
Sanden,M.W.G.(2012).Effectsofphysicalexercisetherapyonmobility,physicalfunctioning,physicalactivityand
qualityoflifeincommunity-dwellingolderadultswithimpairedmobility,physicaldisabilityand/ormulti-morbidity:
Ameta-analysis.Ageing Research Reviews,11(1),136–149.Advanceonlinepublication.doi:10.1016/j.arr.2011.11.002
PMID:22101330

Deandrea,S.,Bravi,F.,Turati,F.,Lucenteforte,E.,LaVecchia,C.,&Negri,E.(2013).Riskfactorsforfallsinolder
peopleinnursinghomesandhospitals.Asystematicreviewandmeta-analysis.Archives of Gerontology and Geriatrics,
56(3),407–415.doi:10.1016/j.archger.2012.12.006PMID:23294998

Deandrea,S.,Lucenteforte,E.,Bravi,F.,Foschi,R.,Vecchia,C.,&Negri,E.(2010).Riskfactorsforfallsincommu-
nity‐dwellingolderpeople:Asystematicreviewandmeta‐analysis.Epidemiology (Cambridge, Mass.),21(5),658–668.
doi:10.1097/EDE.0b013e3181e89905PMID:20585256

Delbaere,K.,Kochan,N.A.,Close,J.C.,Menant,J.C.,Sturnieks,D.L.,Brodaty,H.,Sachdev,P.S.,&Lord,S.R.
(2012).Mildcognitiveimpairmentasapredictoroffallsincommunity-dwellingolderpeople.The American Journal 
of Geriatric Psychiatry, 20(10),845–853.doi:10.1097/JGP.0b013e31824afbc4

Delbaere,K.,Close,J.C.,Heim,J.,Sachdev,P.S.,Brodaty,H.,Slavin,M.J.,Kochan,N.A.,&Lord,S.R.(2010).A
multifactorialapproachtounderstandingfallriskinolderpeople.Journal of the American Geriatrics Society,58(9),
1679–1685.https://doi.org/10.1111/j.1532-5415.2010.03017.x

Delgado,J.,Jones,L.,Bradley,M.C.,Allan,L.M.,Ballard,C.,Clare,L.,...Melzer,D.(2020).Potentiallyinappropriate
prescribingindementia,multi-morbidityandincidenceofadversehealthoutcomes.Age and Ageing.PMID:32946561

Dellagi,L.,Ben,O.,Johnson,I.,Kebir,O.,Amado,I.,&Tabbane,K.(2019).Adaptationtunisiennedu«hopkinsverbal
learningtest»forme1.Espace membre Mots-clés dépistage Cancer du sein Cancer Coelioscopie tuberculose mam-
mographie échographie Partagez,1–4.

Delmonico,M.J.,Harris,T.B.,Lee,J.S.,Visser,M.,Nevitt,M.,Kritchevsky,S.B.,Tylavsky,F.A.,&Newman,A.B.
(2007).Alternativedefinitionsofsarcopenia,lowerextremityperformance,andfunctionalimpairmentwithaginginolder
menandwomen.Journal of the American Geriatrics Society,55(5),769–774.doi:10.1111/j.1532-5415.2007.01140.x
PMID:17493199

DepartmentofHealthandHumanServices.(2015).Step It Up! the Surgeon General.Author.

DGS.(2015).Relatório Segurança do Doente, avaliação da cultura nos hospitais.Disponívelem:www.dgs.pt

DGS.(2017).Relatório Segurança do Doente 2015, avaliação da cultura de segurança nos cuidados de saúde primários.
Disponívelem:www.dgs.pt

Dhital,A.,Pey,T.,&Stanford,M.R.(2010).Visuallossandfalls:Areview.Eye (London, England),24(9),1437–1446.
https://doi.org/10.1038/eye.2010.60

295

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

http://www.dgs.pt
http://www.dgs.pt


Compilation of References

DiFuria,L.,Rusciano,M.R.,Leonardini,L.,Rossi,P.,Giammarchi,C.,Vittori,E.,Tilocca,S.,Russo,F.L.,Montuori,
P.,Triassi,M.,Nardone,A.,Giaimo,M.D.,Migazzi,M.,Piffer,S.,Iaria,A.,Trapasso,A.,Firenze,A.,Cristaudo,R.,
Revello,M.,Castiglion,A.,…Illario,M.(2016).ANutritionalApproachtothePreventionofCancer:fromAssessment
toPersonalizedIntervention.Translational Medicine @ UniSa, 13,33–41.

Dingley,C.,Daugherty,K.,Derieg,M.,&Persing,R.(2008).ImprovingPatientSafetyThroughProviderCommunication
StrategyEnhancements.InAdvancesinPatientSafety:NewDirectionsandAlternativeApproaches(Vol.3).Agency
forHealthcareResearchandQuality.

Dionyssiotis,Y.(2012).Analyzingtheproblemoffallsamongolderpeople.International Journal of General Medicine,
5,805–813.doi:10.2147/IJGM.S32651PMID:23055770

Dipietro,L.,Campbell,W.W.,Buchner,D.M.,Erickson,K.I.,Powell,K.E.,Bloodgood,B.,Hughes,T.,Day,K.
R., Piercy, K. L., Vaux-Bjerke, A., & Olson, R. D. (2019). Physical Activity, Injurious Falls, and Physical Func-
tioninAging:AnUmbrellaReview.Medicine and Science in Sports and Exercise,51(6),1303–1313.doi:10.1249/
MSS.0000000000001942PMID:31095087

DireçãoGeraldaSaúde(2008).Circular Normativa Direcção Geral da Saúde - Orientação técnica sobre suplemento 
de Cálcio e Vitamina D em pessoas idosas.Nº:13/DSCS/DPCD/DSQCAd.

DirecaoGeraldeSaude.(2017).Programa nacional para a promoção da atividade física.Author.

Dittmer,D.K.,&Teasell,R.(1993).Complicationsofimmobilizationandbedrest.Part1:Musculoskeletalandcar-
diovascularcomplications.Canadian Family Physician Medecin de Famille Canadien,39,1428–1432.PMID:8324411

Dodig,S.,Čepelak,I.,&Pavić,I.(2019).Hallmarksofsenescenceandaging.Biochemia medica.Biochemia Medica,
29(3),483–497.doi:10.11613/BM.2019.030501PMID:31379458

Dohr,A.,Modre-Osprian,R.,Drobics,M.,Hayn,D.,&Schreier,G.(2010).TheInternetofThingsforAmbientAs-
sistedLiving.InProceedings of 7th International Conferences on Information Technology.IEEEComputerSociety.

Dolan,P.,&Torgerson,D.J.(1998).ThecostoftreatingosteoporoticfracturesintheUnitedKingdomfemalepopulation.
Osteoporosis International,8(6),611–617.doi:10.1007001980050107PMID:10326069Ensured,K.(2007).Frailtyand
RiskofFalls,Fracture,andMortalityinOlderWomen:TheStudyofOsteoporoticFractures.The Journals of Gerontology. 
Series A, Biological Sciences and Medical Sciences,62A(7),744–751.doi:10.1093/gerona/62.7.744PMID:17634322

Dolenc,P.,&Petric,M.(2013).Theeffectsofprolongedphysicalinactivityinducedbybedrestoncognitivefunctioning
inhealthymaleparticipants.Annales Kinesiologie,4,122–131.

Domingos,J.M.,Godinho,C.,Dean,J.,Coelho,M.,Pinto,A.,Bloem,B.R.,&Ferreira,J.J.(2015).CognitiveIm-
pairment inFall-RelatedStudies inParkinson’sDisease.Journal of Parkinson’s Disease,5(3),453–469.https://doi.
org/10.3233/JPD-150590

Donabedian,A.(1980).ExplorationsinQualityAssessmentandMonitoring:Vol.1.The Definition of Quality and Ap-
proaches to Its Assessment.HealthAdministrationPress.

Donabedian,A.(1985).ExplorationsinQualityAssessmentandMonitoring:Vol.2.The methods and findings of quality 
assessment and monitoring: an illustrated analysis.HealthAdministrationPress.

Donaldson,P.J.,Grey,A.C.,Heilman,B.M.,Lim,J.C.,&Vaghefi,E.(2017).Thephysiologicalopticsofthelens.
Progress in Retinal and Eye Research,56,e1–e24.doi:10.1016/j.preteyeres.2016.09.002PMID:27639549

Dong,X.,Chen,R.,&Simon,M.A.(2014).Elderabuseanddementia:Areviewoftheresearchandhealthpolicy.
Health Affairs (Project Hope),33(4),642–649.doi:10.1377/hlthaff.2013.1261PMID:24711326

296

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Dorling,G.,Fountaine,T.,McKenna,S.,&Suresh,B.(2015).The evidence for integrated care.McKinsey&Company.

Dörr,S.,Schickel,R.,Lucke-Paulig,L.,Schöntag,S.,&Lobmann,R.(2019).RapidCognitiveDeclineandRecurrent
Fallsina71Year-OldManDuetoCerebralAmyloidangiopathy-RelatedInflammation(CAA-RI).Geriatrics (Basel, 
Switzerland),4(4),56.doi:10.3390/geriatrics4040056PMID:31581713

Douglas,A.,Letts,L.,&Richardson,J.(2011).Asystematicreviewofaccidentalinjuryfromfire,wanderingandmedi-
cationself-administrationerrorsforolderadultswithandwithoutdementia.Archives of Gerontology and Geriatrics,
52(1),e1–e10.doi:10.1016/j.archger.2010.02.014PMID:20334937

Doyle,C.,Lennox,L.,&Bell,D.(2013).Asystematicreviewofevidenceonthelinksbetweenpatientexperienceand
clinicalsafetyandeffectiveness.BMJ Open,3(1),e001570.doi:10.1136/bmjopen-2012-001570PMID:23293244

Drake,S.A.,Conway,S.H.,Yang,Y.,Cheatham,L.S.,Wolf,D.A.,Adams,S.D.,Wade,C.E.,&Holcomb,J.B.
(2021).Whenfallsbecomefatal—Clinicalcaresequence.PLoS One,16(1),e0244862.doi:10.1371/journal.pone.0244862
PMID:33406164

Drenth‐vanMaanen,A.C.,Wilting,I.,&Jansen,P.A.(2020).Prescribingmedicinestoolderpeople—Howtoconsider
theimpactofageingonhumanorganandbodyfunctions.British Journal of Clinical Pharmacology,86(10),1921–1930.
doi:10.1111/bcp.14094PMID:31425638

Drozak,J.,&Bryła,J.(2005).Dopamine:Notjustaneurotransmitter.Postepy Higieny i Medycyny Doswiadczalnej,
59,405–420.PMID:16106242

Dykes,P.C.,Adelman,J.,Alfieri,L.,Bogaisky,M.,Carroll,D.L.,Carter,E.,Duckworth,M.,Erickson,J.I.,Flaherty,
L.M.,Hurley,A.C.,Jackson,E.,Khasnabish,S.,Lindros,M.E.,Manzano,W.,Scanlan,M.,&Spivack,L.(2019).The
FallTIPS(TailoringInterventionsforPatientSafety)Program:ACollaborationtoEndthePersistentProblemofPatient
Falls.Nurse Leader,17(4),365–370.doi:10.1016/j.mnl.2018.11.006

Dykes,P.C.,Duckworth,M.,Cunningham,S.,Dubois,S.,Driscoll,M.,Feliciano,Z.,Ferrazzi,M.,Fevrin,F.E.,Lyons,
S.,Lindros,M.E.,Monahan,A.,Paley,M.M.,Jean-Pierre,S.,&Scanlan,M.(2017).PilotTestingFallTIPS(Tailoring
InterventionsforPatientSafety):APatient-CenteredFallPreventionToolkit.Joint Commission Journal on Quality and 
Patient Safety,43(8),403–413.doi:10.1016/j.jcjq.2017.05.002PMID:28738986

Eckstrom,E.,Parker,E.M.,Lambert,G.H.,Winkler,G.,Dowler,D.,&Casey,C.M.(2017).ImplementingSTEADI
inAcademicPrimaryCaretoAddressOlderAdultFallRisk.Innovation in Aging,1(2),1.doi:10.1093/geroni/igx028
PMID:29955671

Edgren,J.,Karinkanta,S.,Rantanen,T.,Daly,R.,Kujala,U.M.,Törmäkangas,T.,Sievänen,H.,Kannus,P.,Heinonen,
A.,Sipilä,S.,Kannas,L.,Rantalainen,T.,Teittinen,O.&Nikande,R.(2019).Counsellingforphysicalactivity,life-
spacemobilityandfallspreventioninoldage(COSMOS):protocolofarandomisedcontrolledtrial.BMJ Open,24(9),
e029682..doi:10.1136/bmjopen-2019-029682

Eikemo,T.A.,Bambra,C.,Huijts,T.,&Fitzgerald,R.(2017).TheFirstPan-EuropeanSociologicalHealthInequalities
SurveyoftheGeneralPopulation:TheEuropeanSocialSurveyRotatingModuleontheSocialDeterminantsofHealth.
European Sociological Review,33(1),137–153.

Eklund,P.P.,&Gähler,W.(1993).CompletionsandCompactificationsbyMeansofMonads.InFuzzyLogic,Stateof
theArt.Kluwer.

Eklund,P.,GutiérrezGarcía,J.,Höhle,U.,&Kortelainen,J.(2018).Semigroupsincompletelattices:Quantales,modules
andrelatedtopics.Developments in Mathematics, 54.

297

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Eklund,P.(1994).Networksizeversuspreprocessing.InFuzzy Sets, Neural Networks and Soft Computing(pp.250–264).
VanNostrandReinhold.

Eklund,P.(2016).Lative logic accomodating the WHO Family of International Classifications. InM.M.Cruz-Cunha
&I.Miranda(Eds.),Encyclopedia of E-Health and Telemedicine(pp.661–673).IGIGlobal.

Eklund,P. (2016).Lative logicaccomodating theWHOFamilyof InternationalClassifications. InEncyclopedia of 
E-Health and Telemedicine.IGIGlobal.

Eklund,P.,&Forsström,J.(1995).Computationalintelligenceforlaboratoryinformationsystems.Scandinavian Journal 
of Clinical and Laboratory Investigation,55(222),21–30.

Eklund,P.,Galán,M.A.,Helgesson,R.,&Kortelainen,J.(2014).Fuzzyterms.Fuzzy Sets and Systems,256,211–235.

Eklund,P.,GutiérrezGarcía,J.,Höhle,U.,&Kortelainen,J.(2018).Semigroups in complete lattices: Quantales, modules 
and related topics. Developments in Mathematics 54.Springer.doi:10.1007/978-3-319-78948-4

Ek,S.,Rizzuto,D.,Fratiglioni,L.,Johnell,K.,Xu,W.,&Welmer,A.K.(2018).RiskProfilesforInjuriousFallsin
PeopleOver60:APopulation-BasedCohortStudy.The Journals of Gerontology. Series A, Biological Sciences and 
Medical Sciences,73(2),233–239.https://doi.org/10.1093/gerona/glx115

EkvallHansson,E.,&Magnusson,M.(2013).Vestibularasymmetrypredictsfallsamongelderlypatientswithmulti-
sensorydizziness.BMC Geriatrics,13,77.https://doi.org/10.1186/1471-2318-13-77

El-HajjFuleihan,G.,Chakhtoura,M.,Cauley,J.A.,Chamoun,N.(2017).WorldwideFracturePrediction.Journal of 
Clinical Densitometry.doi:10.1016/j.jocd.2017.06.008

El-Khoury,F.,Cassou,B.,Charles,M.A.,&Dargent-Molina,P.(2013).Theeffectoffallpreventionexerciseprogrammes
onfallinducedinjuriesincommunitydwellingolderadults:Systematicreviewandmeta-analysisofrandomisedcon-
trolledtrials.BMJ (Clinical Research Ed.),347,f6234.https://doi.org/10.1136/bmj.f6234

Elliott,R.A.(2006).Problemswithmedicationuseintheelderly:AnAustralianperspective.J Pharm Pract Res,36(1),
58–66.doi:10.1002/j.2055-2335.2006.tb00889.x

Enoka,R.M.,Christou,E.A.,Hunter,S.K.,Kornatz,K.W.,Semmler,J.G.,Taylor,A.M.,&Tracy,B.L.(2003).
Mechanisms that contribute to differences in motor performance between young and old adults.doi:10.1016/S1050-
6411(02)00084-6

Enoka,R.M.,&Farina,D.(2021).ForceSteadiness:FromMotorUnitstoVoluntaryActions.Physiology (Bethesda, 
MD),36(2),114–130.doi:10.1152/physiol.00027.2020PMID:33595382

Ensrud,K.E.,Ewing,S.K.,Taylor,B.C.,Fink,H.A.,Stone,K.L.,Cauley,J.A.,Tracy,J.K.,Hochberg,M.C.,
Rodondi,N.,&Cawthon,P.M.(2007).FrailtyandRiskofFalls,Fracture,andMortalityinOlderWomen:TheStudy
ofOsteoporoticFractures.The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences,62A(7),
744–751.doi:10.1093/gerona/62.7.744PMID:17634322

Erickson,K.I.,Hillman,C.,Stillman,C.M.,Ballard,R.M.,Bloodgood,B.,Conroy,D.E.,Macko,R.,Marquez,D.
X.,Petruzzello,S.J.,&Powell,K.E.(2019).ACSMPhysicalActivity,Cognition,andBrainOutcomes:AReviewof
the2018PhysicalActivityGuidelines.Medicine and Science in Sports and Exercise,51(6),1242–1251.doi:10.1249/
MSS.0000000000001936PMID:31095081

Etchegaray,J.M.,Ottosen,M.J.,Dancsak,T.,&Thomas,E.J.(2017).BarrierstoSpeakingUpAboutPatientSafety
Concerns.Journal of Patient Safety,1.Advanceonlinepublication.doi:10.1097/PTS.0000000000000334PMID:29112033

298

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

EuGMS.(n.d.).Task & Finish Groups. FRID - Fall Risk Increasing Drugs.https://www.eugms.org/research-cooperation/
task-finish-groups/frid-fall-risk-increasing-drugs.html

EUPHA.(2009).Falls among older adults in the EU-28: key facts from the available statistics.EUPHA.

EuropeanCommission,EconomicandFinancialAffairs.(2020).The 2021 Ageing Report: Underlying Assumptions and 
Projection Methodologies.https://ec.europa.eu/info/sites/info/files/economy-finance/ip142_en.pdf

EuropeanCommission. (2012).Project Report: Report on the Socio-Economic Determinants of Food Choices and 
Preferences of the Elderly. NU-AGE.Availableonlineat:www.nu-age.eu

EuropeanCommission.(2014).Communication from the Commission on effective, accessible and resilient health systems.
Brussels,4.4.2014COM(2014)215final.https://ec.europa.eu/health/sites/health/files/systems_performance_assessment/
docs/com2014_215_final_en.pdf

EuropeanCommission.(2017).The European blueprint on digital transformation of health and care for the aging society.
https://ec.europa.eu/newsroom/document.cfm?doc_id=40787

EuropeanCommission.(2018).Communication from the Commission to the European Parliament, the Council, the 
European Economic and Social Committee and the Committee of the Regions on the Digital Education Action Plan.
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52018DC0022&from=EN

European InnovativePartnershipActiveHealthyAging. (2013).Report: Prevention and Early Diagnosis of Frailty 
and Functional Decline, Both Physical and Cognitive, in Older People (Action Group A3).Availableonlineat:https://
ec.europa.eu/research/innovation-union/pdf/active-healthy-ageing/gp_a3.pdf

European Stakeholders Alliance for Active Ageing through Falls Prevention (ESA-on-Falls) (2005). Joint Declaration 
Active Ageing through Falls Prevention.(2015).EuroSafe.

EuropeanUnion.(2014).Council conclusion on nutrition and physical activity.Author.

Europeia,C.(2008).OrientaçõesdaUEparaapromoçãodaactividadefísica-Acçõesrecomendadasparaapoiara
actividadefísicabenéficaparaasaúde.EU Work Plan for Sport 2014-2017,1–40.Retrievedfromhttps://ec.europa.eu/
sport/library/documents/c1/eu-physical-activity-guidelines-2008_pt.pdf

Europe,W.H.O.(2013).Review of Social Determinants and the Health Divide in the WHO European Region.World
HealthOrganizationRegionalOfficeforEurope.

EuroQolGroup.(1990).EuroQol–Anewfacilityforthemeasurementofhealth-relatedqualityoflife.E Health Policy,
16(3),199–205.doi:10.1016/0168-8510(90)90421-9PMID:10109801

EUROSTAT.(2017).https://ec.europa.eu/eurostat/web/population-and-housing-census/publications

Fallsinolderpeople:assessingriskandprevention.(2013).Retrievedfromhttps://www.nice.org.uk/guidance/cg161

Faltin,R.(1924).Thetreatmentoffracturesoftheneckofthefemur.Acta Chirurgica Scandinavica,57,10–54.

Faragher,R.G.,McArdle,A.,Willows,A.,&Ostler,E.L.(2017).Senescenceintheagingprocess.F1000 Research,
6.PMID:28781767

Faulkner,K.A.,Redfern,M.S.,Cauley,J.A.,Landsittel,D.P.,Studenski,S.A.,Rosano,C.,Simonsick,E.M.,Harris,
T.B.,Shorr,R.I.,Ayonayon,H.N.,&Newman,A.B.(2007).Multitasking:AssociationBetweenPoorerPerformance
andaHistoryofRecurrentFalls.Journal of the American Geriatrics Society,55(4),570–576.doi:10.1111/j.1532-
5415.2007.01147.xPMID:17397436

299

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.eugms.org/research-cooperation/task-finish-groups/frid-fall-risk-increasing-drugs.html
https://www.eugms.org/research-cooperation/task-finish-groups/frid-fall-risk-increasing-drugs.html
https://ec.europa.eu/info/sites/info/files/economy-finance/ip142_en.pdf
http://www.nu-age.eu
https://ec.europa.eu/health/sites/health/files/systems_performance_assessment/docs/com2014_215_final_en.pdf
https://ec.europa.eu/health/sites/health/files/systems_performance_assessment/docs/com2014_215_final_en.pdf
https://ec.europa.eu/newsroom/document.cfm?doc_id=40787
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52018DC0022&from=EN
https://ec.europa.eu/research/innovation-union/pdf/active-healthy-ageing/gp_a3.pdf
https://ec.europa.eu/research/innovation-union/pdf/active-healthy-ageing/gp_a3.pdf
https://ec.europa.eu/sport/library/documents/c1/eu-physical-activity-guidelines-2008_pt.pdf
https://ec.europa.eu/sport/library/documents/c1/eu-physical-activity-guidelines-2008_pt.pdf
https://ec.europa.eu/eurostat/web/population-and-housing-census/publications
https://www.nice.org.uk/guidance/cg161


Compilation of References

Fazekas,F.,Kleinert,R.,Roob,G.,Kleinert,G.,Kapeller,P.,Schmidt,R.,&Hartung,H.P.(1999).Histopathologic
analysisoffociofsignallossongradient-echoT2*-weightedMRimagesinpatientswithspontaneousintracerebral
hemorrhage: Evidence of microangiopathy-related microbleeds. AJNR. American Journal of Neuroradiology, 20,
637–642.PMID:10319975

Fernando,E.,Fraser,M.,Hendriksen,J.,Kim,C.H.,&Muir-Hunter,S.W.(2017).RiskFactorsAssociatedwithFalls
inOlderAdultswithDementia:ASystematicReview.Physiotherapy Canada. Physiotherapie Canada,69(2),161–170.
https://doi.org/10.3138/ptc.2016-14

Ferreira,C.V.,Ferreira,C.G.,&Escobar,R.V.(2012).Relaçãoentreenvelhecimentoativo,riscodequedaeperfil
funcionaldeidosos.Revista Da AMRIGS,4(2),27–41.doi:10.12957/rhupe.2014.10128

Finnsson,P.T.(2019).Nordic Ambient Assisted Living Welfare technologies for active and independent living at home.
http://urn.kb.se/resolve?urn=urn:nbn:se:norden:org:diva-5653

Fisher,M.,French,S.,Ji,P.,&Kim,R.C.(2010).Cerebralmicrobleedsintheelderly:Apathologicalanalysis.Stroke,
41(12),2782–2785.doi:10.1161/STROKEAHA.110.593657PMID:21030702

Florence,C.S.,Bergen,G.,Atherly,A.,Burns,E.,Stevens,J.,&Drake,C.(2018).MedicalCostsofFatalandNonfatal
FallsinOlderAdults.Journal of the American Geriatrics Society,66(4),693–698.doi:10.1111/jgs.15304PMID:29512120

Foccillo,G.(2020).TheInfectionsCausingAcuteRespiratoryFailureinElderlyPatients.InVentilatory Support and 
Oxygen Therapy in Elder, Palliative and End-of-Life Care Patients(pp.35–45).Springer.doi:10.1007/978-3-030-26664-6_5

Folstein,M.F.,Folstein,S.E.,&McHugh,P.R.(1975).Mini-MentalState”,Apracticalmethodforgradingthecognitive
stateofpatientesfortheclinician.Journal of Psychiatric Research,12(3),189–198.doi:10.1016/0022-3956(75)90026-6
PMID:1202204

Folstein,M.F.,Folstein,S.E.,&McHugh,P.R.(1975)...Mini-mental State,12,189–198.

FondazioneCariplo(2014).AbitareLeggero,versounanuovagenerazionediserviziperanziani [AbitareLeggero,
towardsanewgenerationofservicesfortheelderly].Quaderni dell’Osservatorio, 17.

Force,U.P.S.T.(2018).InterventionstoPreventFallsinCommunity-DwellingOlderAdults:USPreventiveServices
TaskForceRecommendationStatement.Journal of the American Medical Association,319(16),1696–1704.doi:10.1001/
jama.2018.3097PMID:29710141

Forsén,L.,Søgaard,A.J.,Sandvig,S.,Schuller,A.,Røed,U.,&Arstad,C.(2004).Riskofhipfractureinprotectedand
unprotectedfallsinnursinghomesinNorway.Injury Prevention,10(1),16–20.doi:10.1136/ip.2003.003889PMID:14760021

Forster,T.,Kentikelenis,A.,&Bambra,C.(2018).Health Inequalities in Europe: Setting the Stage for Progressive 
Policy Action.https://www.feps-europe.eu/attachments/publications/1845-6%20health%20inequalities%20inner-hr.pdf

Fortin,M.F.(2003).OProcessodeInvestigação:daconcepçãoàrealização(3rded.).Loures:Lusociência.

Foscolou,A.,D’Cunha,N.M.,Naumovski,N.,Tyrovolas,S.,Chrysohoou,C.,Rallidis,L.,Matalas,A.-L.,Sidossis,
L.S.,&Panagiotakos,D.(2019).Theassociationbetweenwholegrainproductsconsumptionandsuccessfulaging:A
combinedanalysisofMEDISandATTICAepidemiologicalstudies.Nutrients,11(6),1221.Advanceonlinepublication.
doi:10.3390/nu11061221PMID:31146435

Fragata,J.(2011).Segurança dos doentes – Uma Abordagem Prática.Lidel–EdiçõesTécnicas,Lda.

300

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

http://urn.kb.se/resolve?urn=urn:nbn:se:norden:org:diva-5653
https://www.feps-europe.eu/attachments/publications/1845-6%20health%20inequalities%20inner-hr.pdf


Compilation of References

Freeman,E.E.,Muñoz,B.,Rubin,G.,&West,S.K.(2007).Visualfieldlossincreasestheriskoffallsinolderadults:
TheSalisburyeyeevaluation.Investigative Ophthalmology & Visual Science,48(10),4445–4450.https://doi.org/10.1167/
iovs.07-0326

Freiberger,E.,Häberle,L.,Spirduso,W.W.,&RixtZijlstra,G.A.(2012).Long-termeffectsofthreemulticomponent
exerciseinterventionsonphysicalperformanceandfall-relatedpsychologicaloutcomesincommunity-dwellingolder
adults:Arandomizedcontrolledtrial.Journal of the American Geriatrics Society,60(3),437–446.doi:10.1111/j.1532-
5415.2011.03859.xPMID:22324753

Fried,L.P.,Tangen,C.M.,Walston,J.,Newman,A.B.,Hirsch,C.,Gottdiener,J.,Seeman,T.,Tracy,R.,Kop,W.J.,
Burke,G.,&McBurnie,M.A.(2001).FrailtyinOlderAdults:EvidenceforaPhenotype.The Journals of Gerontology. 
Series A, Biological Sciences and Medical Sciences,56(3),M146–M157.doi:10.1093/gerona/56.3.M146PMID:11253156

Friedland,R.P.,Koss,E.,Kumar,A.,Gaine,S.,Metzler,D.,Haxby,J.V.,&Moore,A.(1988).Motorvehiclecrashes
indementiaoftheAlzheimertype.Annals of Neurology,24(6),782–786.doi:10.1002/ana.410240613PMID:3207361

Friedman,L.S.,Avila,S.,Tanouye,K.,&Joseph,K.(2011).Acase-controlstudyofseverephysicalabuseofolderadults.
Journal of the American Geriatrics Society,59(3),417–422.doi:10.1111/j.1532-5415.2010.03313.xPMID:21391932

Gabbay,J.,&Walley,T.(2006).Introducingnewhealthinterventions.BMJ (Clinical Research Ed.),332,64.

Gadelha,A.B.,Neri,S.G.R.,Bottaro,M.,&Lima,R.M.(2018).Therelationshipbetweenmusclequalityandincidence
offallsinoldercommunity-dwellingwomen:An18-monthfollow-upstudy.Experimental Gerontology,110,241–246.
doi:10.1016/j.exger.2018.06.018PMID:29935953

Gadelha,A.B.,Neri,S.G.R.,Oliveira,R.J.,Bottaro,M.,David,A.C.,Vainshelboim,B.,&Lima,R.M.(2018).Sever-
ityofsarcopeniaisassociatedwithposturalbalanceandriskoffallsincommunity-dwellingolderwomen.Experimental 
Aging Research,44(3),258–269.doi:10.1080/0361073X.2018.1449591PMID:29558320

Gallagher,T.H.,Mello,M.M.,Levinson,W.,Wynia,M.K.,Sachdeva,A.K.,Sulmasy,L.S.,...Arnold,R.(2013).
TalkingwithPatientsaboutOtherClinicians’Errors.The New England Journal of Medicine,369(18),18.doi:10.1056/
NEJMsb1303119PMID:24171522

Gangavati,A.,Hajjar, I.,Quach,L.,Jones,R.N.,Kiely,D.K.,Gagnon,P.,&Lipsitz,L.A.(2011).Hypertension,
orthostatichypotension,andtheriskoffallsinacommunity-dwellingelderlypopulation:Themaintenanceofbalance,
independentliving,intellect,andzestintheelderlyofBostonstudy.Journal of the American Geriatrics Society,59(3),
383–389.doi:10.1111/j.1532-5415.2011.03317.xPMID:21391928

Ganz,D.A.,&Latham,N.K.(2020).PreventionofFallsinCommunity-DwellingOlderAdults.The New England 
Journal of Medicine,382(8),734–743.doi:10.1056/NEJMcp1903252PMID:32074420

García-Molina,R.,Ruíz-Grao,M.C.,Noguerón-García,A.,Martínez-Reig,M.,Esbrí-Víctor,M., Izquierdo,M.,&
Abizanda,P.(2018).BenefitsofamulticomponentFallsUnit-basedexerciseprograminolderadultswithfallsinreal
life.Experimental Gerontology(Vol.110).doi:10.1016/j.exger.2018.05.013

Gazibara,T.,Kurtagic,I.,Kisic‐Tepavcevic,D.,Nurkovic,S.,Kovacevic,N.,Gazibara,T.,&Pekmezovic,T.(2017).
Falls, risk factors and fear of falling amongpersonsolder than65years of age.Psychogeriatrics,17(4), 215–223.
doi:10.1111/psyg.12217PMID:28130862

Genant,H.K.,Cooper,C.,Poor,G.,Reid,I.,Ehrlich,G.,Kanis,J.,Nordin,B.E.,Barrett-Connor,E.,Black,D.,Bonjour,
J.P.,Dawson-Hughes,B.,Delmas,P.D.,Dequeker,J.,RagiEis,S.,Gennari,C.,Johnell,O.,Johnston,C.C.J.,Lau,E.
M.,&Liberman,U.A.(1999).InterimreportandrecommendationsoftheWorldHealthOrganizationTask-Forcefor
Osteoporosis.Osteoporosis International,10(4),259–264.doi:10.1007001980050224PMID:10692972

301

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Ge,S.,Zhu,Z.,Wu,B.,&McConnell,E.S.(2018).Technology-basedcognitivetrainingandrehabilitationinterven-
tionsfor individualswithmildcognitive impairment:Asystematic review.BMC Geriatrics,18(1),213.https://doi.
org/10.1186/s12877-018-0893-1

Gibson,M.C.,&Schroder,C.(2001).Themanyfacesofpainforolder,dyingadults.The American Journal of Hospice 
& Palliative Care,18(1),19–25.doi:10.1177/104990910101800107PMID:11406873

Gielen,E.,Verschueren,S.,O’Neill,T.W.,Pye,S.R.,O’Connell,M.D.L.,Lee,D.M.,Ravindrarajah,R.,Claessens,
F.,Laurent,M.,Milisen,K.,Tournoy,J.,Dejaeger,M.,Wu,F.C.,Vanderschueren,D.,&Boonen,S.(2012).Muscu-
loskeletalfrailty:Ageriatricsyndromeatthecoreoffractureoccurrenceinolderage.Calcified Tissue International,
91(3),161–177.doi:10.100700223-012-9622-5PMID:22797855

Gillespie,L.,Robertson,M.,Gillespie,W.,Sherrington,C.,Gates,S.,Clemson,L.,&Lamb,S.(2012).Interventionsfor
preventingfallsinolderpeoplelivinginthecommunity(Review).Cochrane Database of Systematic Reviews, 2012(11).
doi:10.1002/14651858.CD013258

Gillespie,L.D.,Robertson,M.C.,Gillespie,W.J.,Sherrington,C.,Gates,S.,Clemson,L.,&Lamb,S.E.(2012).
Interventionsforpreventingfallsinolderpeoplelivinginthecommunity.Cochrane Database of Systematic Reviews,
2021(6),Cd007146.doi:10.1002/14651858.CD007146.pub3PMID:22972103

GlobalGuidelinesforFallsinOlderAdults.(n.d.).A global initiative towards falls prevention and management.https://
worldfallsguidelines.com/

Goebel,J.A.(2000).Managementoptionsforacuteversuschronicvertigo.Otolaryngologic Clinics of North America,
33(3),483–493.https://doi.org/10.1016/s0030-6665(05)70222-x

Goldacre,M.J.,Roberts,S.E.,&Yeates,D.(2002).Mortalityafteradmissiontohospitalwithfracturedneckoffemur:
Databasestudy.BMJ (Clinical Research Ed.),325(7369),868–869.https://doi.org/10.1136/bmj.325.7369.868

Golinowska,S.,Ricciardi,W.,Poscia,A.,Magnavita,N.,Costa,A.J.,Sowa-Kofta,A.,Collamati,A.,Capelli,G.,Rogac-
zewska,M.,Groot,W.,Huter,K.,Sowada,C.,Rogala,M.B.,Pavlova,M.,Sitko,S.,Kowalska-Bobko,I.,Domagala,A.,
&Tambor,M.(2017).Health Promotion for Older People in Europe. Health promoters and their activities. Knowledge 
for training Health Promotion for Older People in Europe.ScholarPublishingHouseLtd.

Gómez-Ansón,B.,Román,E.,FernándezdeBobadilla,R.,Pires-Encuentra,P.,Díaz-Manera,J.,Núñez,F.,Martinez-
Horta,S.,Vives-Gilabert,Y.,Pagonabarraga,J.,Kulisevsky,J.,Cordoba,J.,Guarner,C.,&Soriano,G.(2015).Altera-
tionsincerebralwhitematterandneuropsychologyinpatientswithcirrhosisandfalls.PLoS One,10(3),e0118930.
doi:10.1371/journal.pone.0118930PMID:25793766

GoodAgeinginLahtiregion;Ikihyvä.(n.d.).Finnish research project on ageing and well-being.Retrievedfromhttps://
blogs.helsinki.fi/ikihyva-paijat-hame/in-english-2/

Goodwin,V.A.,Abbott,R.A.,Whear,R.,Bethel,A.,Ukoumunne,O.C.,Thompson-Coon,J.,&Stein,K.(2014).
Multiplecomponentinterventionsforpreventingfallsandfall-relatedinjuriesamongolderpeople:Systematicreview
andmeta-analysis.BMC Geriatrics,14(1),15.doi:10.1186/1471-2318-14-15PMID:24495705

Goswami,N.(2019).SpaceflightmeetsGeriatrics!Front.Physiol.ConferenceAbstract:39thISGPMeeting&ESA
LifeSciencesMeeting.Frontiers in Physiology.10.3389/conf.fphys.2018.26.00022

Goswami,N.(2017).Fallsandfall-preventioninolderpersons:Geriatricsmeetsspaceflight!Frontiers in Physiology,
8,603.doi:10.3389/fphys.2017.00603PMID:29075195

302

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://worldfallsguidelines.com/
https://worldfallsguidelines.com/
https://blogs.helsinki.fi/ikihyva-paijat-hame/in-english-2/
https://blogs.helsinki.fi/ikihyva-paijat-hame/in-english-2/


Compilation of References

Goswami,N.,Batzel,J.J.,&Valenti,G.(2015a).Humansystemsphysiology.InD.A.Beysens&J.J.W.A.vanLoon
(Eds.),Generation and Application of Extra-Terrestrial Environments on Earth(pp.255–263).RiverPublishers.

Goswami,N.,Blaber,A.P.,Hinghofer-Szalkay,H.,&Montani,J.P.(2017).OrthostaticIntoleranceinOlderPersons:
EtiologyandCountermeasures.Frontiers in Physiology,8,803.doi:10.3389/fphys.2017.00803PMID:29163185

Goswami,N.,Kavcic,V.,Marusic,U.,Simunic,B.,Rössler,A.,Hinghofer-Szalkay,H.,&....(2015b).Effectofcom-
puterizedcognitivetrainingwithvirtualspatialnavigationtaskduringbedrestimmobilizationandrecoveryonvascular
function:Apilotstudy.Clinical Interventions in Aging,10,453–459.doi:10.2147/CIA.S76028PMID:25709419

Goswami,N.,Roma,P.G.,DeBoever,P.,Clément,P.G.,Hargens,A.R.,Loeppky,J.A.,Evans,J.M.,PeterStein,T.,
Blaber,A.P.,VanLoon,J.J.W.A.,Mano,T.,Iwase,S.,Reitz,G.,&Hinghofer-Szalkay,H.G.(2012).Usingthemoon
asahigh-fidelityenvironmenttostudybiologicalandbehaviouraleffectsoflong-durationspaceexploration.Planetary 
and Space Science,74(1),111–120.doi:10.1016/j.pss.2012.07.030

Gourlay,M.L.,Overman,R.A.,&Ensrud,H.E.(2015).BoneDensityScreeningandRe-screeninginPostmenopausal
WomenandOlderMen.Current Osteoporosis Reports,13(6),390–398.doi:10.100711914-015-0289-5PMID:26408154

Graziano,M.S.,&Gross,C.G.(1998).Spatialmapsforthecontrolofmovement.Current Opinion in Neurobiology,
8(2),195–201.doi:10.1016/S0959-4388(98)80140-2PMID:9635202

Greenberg,S.M.,Nandigam,R.N.,Delgado,P.,Betensky,R.A.,Rosand,J.,Viswanathan,A.,Frosch,M.P.,&Smith,
E.E.(2009).Microbleedsversusmacrobleeds:Evidencefordistinctentities.Stroke,40(7),2382–2386.doi:10.1161/
STROKEAHA.109.548974PMID:19443797

Greenberg,S.M.,Vernooij,M.W.,Cordonnier,C.,Viswanathan,A.,Al-ShahiSalman,R.,Warach,S.,Launer,L.J.,
VanBuchem,M.A.,&Breteler,M.M.B.MicrobleedStudyGroup.(2009).Cerebralmicrobleeds:Aguidetodetection
andinterpretation.Lancet Neurology,8(2),165–174.doi:10.1016/S1474-4422(09)70013-4PMID:19161908

Greenshtein,I.,Keidar,O.,Tziraki,C.,&Chinitz,D.(2020).Greeningourbackyard’-healthbehaviorimpactsofthe
builtenvironmentwithintheoverallecologyofactiveliving.Cities & Health,1-18.

Grogorieva,L.S.,&Kozlovskaia,I.B.(1987).Effectofweightlessnessandhypokinesiaonthevelocity-strengthproper-
tiesofhumanmuscles.Kosmicheskaia Biologiia i Aviakosmicheskaia Meditsina,21,27–30.

Grol,R.,Wensing,M.,Eccles,M.,&Davis,D.(2013).Improving Patient Care: The Implementation of Change in Health 
Care(2nded.).Wiley-Blackwell.doi:10.1002/9781118525975

Grue,E.V.,Kirkevold,M.,Mowinchel,P.,&Ranhoff,A.H.(2009).Sensoryimpairmentinhip-fracturepatients65
yearsorolderandeffectsofhearing/visioninterventionsonfallfrequency.Journal of Multidisciplinary Healthcare,2,
1–11.doi:10.2147/JMDH.S4126PMID:21197343

Gschwind,Y.J.,Schoene,D.,Lord,S.R.,Ejupi,A.,Valenzuela,T.,Aal,K.,…Delbaere,K.(2015).The effect of 
sensor-based exercise at home on functional performance associated with fall risk in older people – a comparison of 
two exergame interventions.doi:10.118611556-015-0156-5

Guggenbuhl,P.(2009).Osteoporosisinmalesandfemales:Istherereallyadifference?Joint, Bone, Spine,76(6),595–601.
doi:10.1016/j.jbspin.2009.10.001PMID:19926512

GuidelineforthePreventionofFallsinOlderPersons.(2001).AmericanGeriatricsSociety,BritishGeriatricsSociety,
andAmericanAcademyofOrthopedicSurgeonsPanelonFallsPrevention.Journal of the American Geriatrics Society,
49,664–672.PMID:11380764

303

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Guideline for the prevention of falls in older persons. American Geriatrics Society, British Geriatrics Society, and
AmericanAcademyofOrthopaedicSurgeonsPanelonFallsPrevention. (n.d.).Journal of the American Geriatrics 
Society,49,664–672.PMID:11380764

Guralnik,J.M.,Simonsick,E.M.,Ferrucci,L.,Glynn,R.J.,Berkman,L.F.,Blazer,D.G.,Scherr,P.A.,&Wallace,
R.B.(1994).Ashortphysicalperformancebatteryassessinglowerextremityfunction:Associationwithself-reported
disabilityandpredictionofmortalityandnursinghomeadmission.Journal of Gerontology,49(2),85–94.doi:10.1093/
geronj/49.2.M85PMID:8126356

Guraya,S.Y.,&Barr,H.(2018).Theeffectivenessofinterprofessionaleducationinhealthcare:Asystematicreview
and meta-analysis. The Kaohsiung Journal of Medical Sciences, 34(3), 160–165. doi:10.1016/j.kjms.2017.12.009
PMID:29475463

Gusmano,M.,&Rodwin,V.(2011).Urban Aging, Social Isolation, and Emergency Preparedness.GlobalAgeing.

Guthold,R.,Stevens,G.A.,Riley,L.M.,&Bull,F.C.(2018).Worldwidetrendsininsufficientphysicalactivityfrom
2001to2016:Apooledanalysisof358population-basedsurveyswith1·9millionparticipants.The Lancet. Global 
Health,6(10),e1077–e1086.doi:10.1016/S2214-109X(18)30357-7PMID:30193830

Haacke,E.M.,DelProposto,Z.S.,Chaturvedi,S.,Sehgal,V.,Tenzer,M.,Neelavalli,J.,&Kido,D.(2007).Imaging
cerebralamyloidangiopathywithsusceptibility-weightedimaging.AJNR. American Journal of Neuroradiology,28,
316–317.PMID:17297004

Haagsma,J.A.,Olij,B.F.,Majdan,M.,Beeck,E.F.Van,Vos,T.,Castle,C.D.,…Polinder,S.(2020).Falls in older 
aged adults in 22 European countries : Incidence, mortality and burden of disease from 1990 to 2017.doi:10.1136/
injuryprev-2019-043347

Hackney,K.J.,Scott,J.M.,Hanson,A.M.,English,K.L.,Downs,M.E.,&Ploutz-Snyder,L.L.(2015).Theastronaut-
athlete:Optimizinghumanperformanceinspace.Journal of Strength and Conditioning Research,29(12),3531–3545.
doi:10.1519/JSC.0000000000001191PMID:26595138

Halonen,P.,Raitanen,J.,Jämsen,E.,Enroth,L.&Jylhä,M.(2019).Chronicconditionsandmultimorbidityinpopula-
tionaged90yearsandover:associationswithmortalityandlong-termcareadmission.Age Ageing,48(4),564-570..
doi:10.1093/ageing/afz019

Ham,A.C.,Ziere,G.,&Broer,L.(2017).CYP2C9GenotypesModifyBenzodiazepine-RelatedFallRisk:Original
ResultsFromThreeStudiesWithMeta-Analysis.J Am Med Dir Assoc., 18(88),e1-e15.

Hamed,A.,Bohm,S.,Mersmann,F.,&Arampatzis,A.(2018).Follow-upefficacyofphysicalexerciseinterventions
onfallincidenceandfallriskinhealthyolderadults:Asystematicreviewandmeta-analysis.Sports Medicine - Open,
4(1),56.Advanceonlinepublication.doi:10.118640798-018-0170-zPMID:30547249

Hamm,J.,Money,A.G.,Atwal,A.,&Paraskevopoulos,I.(2016).Fallpreventioninterventiontechnologies:Aconceptual
frameworkandsurveyofthestateoftheart.Journal of Biomedical Informatics,59,319–345.

Hartholt,K.A.,Polinder,S.,VanDerCammen,T.J.M.,Panneman,M.J.M.,VanDerVelde,N.,VanLieshout,E.M.
M.,Patka,P.,&VanBeeck,E.F.(2012).Costsoffallsinanageingpopulation:AnationwidestudyfromtheNetherlands
(2007-2009).Injury,43(7),1199–1203.doi:10.1016/j.injury.2012.03.033PMID:22541759

Hart,L.A.,Phelan,E.A.,Yi,J.Y.,Marcum,Z.A.,&Gray,S.L.(2020).UseofFallRisk-IncreasingDrugsArounda
Fall-RelatedInjuryinOlderAdults:ASystematicReview.Journal of the American Geriatrics Society,68(6),1334–1343.
doi:10.1111/jgs.16369PMID:32064594

304

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Hassan,B.,Hewitt,J.,Keogh,J.W.L.,Bermeo,S.,Duque,G.,&Henwood,T.R.(2016).Impactofresistancetrainingon
sarcopeniainnursingcarefacilities:Apilotstudy.Geriatric Nursing,37(2),116–121.doi:10.1016/j.gerinurse.2015.11.001
PMID:26694694

Hauer,K.,Rost,B.,Rütschle,K.,Opitz,H.,Specht,N.,Bärtsch,P.,...Schlierf,G.(2001).Exercisetrainingforreha-
bilitationandsecondarypreventionoffallsingeriatricpatientswithahistoryofinjuriousfalls.Journal of the American 
Geriatrics Society,49(1),10–20.doi:10.1046/j.1532-5415.2001.49004.xPMID:11207837

Hawley-Hague,H.,Tacconi,C.,Mellone,S.,Martinez,E.,Chiari,L.,Helbostad,J.,&Todd,C.(2021).One-to-oneand
group-basedteleconferencingforfallsrehabilitation:Usability,acceptability,andfeasibilitystudy.JMIR Rehabilitation 
and Assistive Technologies,8(1),e19690.Advanceonlinepublication.doi:10.2196/19690PMID:33433398

Hawley-Hague,H.,Tacconi,C.,Mellone,S.,Martinez,E.,Ford,C.,Chiari,L.,Helbostad,J.,&Todd,C.(2020).Smart-
phoneappstosupportfallsrehabilitationexercise:Appdevelopmentandusabilityandacceptabilitystudy.JMIR mHealth 
and uHealth,8(9),e15460.Advanceonlinepublication.doi:10.2196/15460PMID:32985992

Haynes,D.S.,Resser,J.R.,Labadie,R.F.,Girasole,C.R.,Kovach,B.T.,Scheker,L.E.,&Walker,D.C.(2002).
Treatmentofbenignpositionalvertigousingthesemontmaneuver:Efficacyinpatientspresentingwithoutnystagmus.
The Laryngoscope,112(5),796–801.https://doi.org/10.1097/00005537-200205000-00006

Heiestad,H.,Gjestvang,C.,&Haakstad,L.A.(2020).Investigatingself-perceivedhealthandqualityoflife:Alongi-
tudinalprospectivestudyamongbeginnerrecreationalexercisersinafitnessclubsetting.BMJ Open,10(6),e036250.
doi:10.1136/bmjopen-2019-036250PMID:32513890

Heikel,H.V.A.,&Österman,K.(1962).ReisiluunkaulanmurtumatapauksetPorissavuosina1946-1960.Frekvenssi,
hoito-aikajahoitokustannukset.Duodecim,78,719–722.PMID:13953362

Heinrich,S.,Rapp,K.,Rissmann,U.,Becker,C.,&König,H.-H.(2010).Costoffallsinoldage:Asystematicreview.
Osteoporosis International,21(6),891–902.doi:10.100700198-009-1100-1PMID:19924496

Heitterachi,E.,Lord,S.R.,Meyerkort,P.,McCloskey,I.,&Fitzpatrick,R.(2002).Bloodpressurechangesonupright
tiltingpredictfallsinolderpeople.Age and Ageing,31(3),181–186.https://doi.org/10.1093/ageing/31.3.181

Hektoen,L.F.,Aas,E.,&Lurås,H.(2009).Cost-effectivenessinfallpreventionforolderwomen.Scandinavian Journal 
of Public Health,37(6),584–589.doi:10.1177/1403494809341093PMID:19666674

Helbostad,J.L.,Taraldsen,K.,Granbo,R.,Yardley,L.,Todd,C.J.,&Sletvold,O.(2009).Validationofthefallsefficacy
scale-internationalinfall-proneolderpersons.InAgeandAgeing(Vol.39,Issue2,pp.256–259).OxfordUniversity
Press.doi:10.1093/ageing/afp224

Helbostad,J.L.,Sletvold,O.,&Moe-Nilssen,R.(2004).Effectsofhomeexercisesandgrouptrainingonfunctional
abilitiesinhome-dwellingolderpersonswithmobilityandbalanceproblems.Aradomizedstudy.Aging Clinical and 
Experimental Research,16(2),113–121.doi:10.1007/BF03324539PMID:15195985

Hellström,M.(2020).A population-based 220,014 injury event cohort 1993-2014.DataRepository.

Helme,M.(2009).EIPEN—TheEuropeanInterprofessionalEducationNetwork.Journal of Interprofessional Care,
23(5),430–431.doi:10.1080/13561820903190598PMID:19670012

HelseMøreogRomsdal.(2019).Kronikk: Beinskjørhet – en alvorlig sykdom - Helse Møre og Romsdal.https://helse-mr.
no/om-oss/nyheiter/2019/kronikk-beinskjorhet-en-alvorlig-sykdom

Helsedirektoratet.(2016).Øvelser for å forebygge fall - Helsedirektoratet.https://www.helsedirektoratet.no/brosjyrer/
ovelser-for-a-forebygge-fall

305

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://helse-mr.no/om-oss/nyheiter/2019/kronikk-beinskjorhet-en-alvorlig-sykdom
https://helse-mr.no/om-oss/nyheiter/2019/kronikk-beinskjorhet-en-alvorlig-sykdom
https://www.helsedirektoratet.no/brosjyrer/ovelser-for-a-forebygge-fall
https://www.helsedirektoratet.no/brosjyrer/ovelser-for-a-forebygge-fall


Compilation of References

Helsenorge.(2019).Fallforebygging - helsenorge.no.https://www.helsenorge.no/trening-og-fysisk-aktivitet/fallforebyg-
ging-trening-for-eldre/

Hemayattalab,R.(2010).Effectsofphysicaltrainingandcalciumintakeonbonemineraldensityofstudentswithmental
retardation.Research in Developmental Disabilities,31(3),784–789.doi:10.1016/j.ridd.2010.02.002PMID:20299186

Hendrich,A.L.,Bender,P.S.,&Nyhuis,A.(2003).ValidationoftheHendrichIIFallRiskModel:Alargeconcur-
rentcase/controlstudyofhospitalizedpatients.Applied Nursing Research,16(1),9–21.doi:10.1053/apnr.2003.016009
PMID:12624858

Herranz,N.,&Gil,J.(2018).Mechanismsandfunctionsofcellularsenescence.The Journal of Clinical Investigation,
128(4),1238–1246.doi:10.1172/JCI95148PMID:29608137

HertzogM.A.(2008).ConsiderationsinDeterminingSampleSizeforPilotStudies.Res Nurs Heal., 31(2),180–91.

Hill,A.M.,Hoffmann,T.,McPhail,S.,Beer,C.,Hill,K.D.,Brauer,S.G.,&Haines,T.P.(2011).Factorsassociated
witholderpatients’engagementinexerciseafterhospitaldischarge.Archives of Physical Medicine and Rehabilitation,
92(9),1395–1403.doi:10.1016/j.apmr.2011.04.009PMID:21878210

Hodkinson,H.M.(1972).Evaluationofamentaltestscoreforassessmentofmentalimpairmentintheelderly.Age and 
Ageing,1(4),233–238.doi:10.1093/ageing/1.4.233PMID:4669880

Hofman,K.,Primack,A.,Keusch,G.,&Hrynkow,S.(2005).Addressingthegrowingburdenoftraumaandinjuryin
low-andmiddle-incomecountries.American Journal of Public Health,95(1),13–17.doi:10.2105/AJPH.2004.039354
PMID:15623852

Holtzer,R.,Epstein,N.,Mahoney,J.R.,Izzetoglu,M.,&Blumen,H.M.(2014).Neuroimagingofmobilityinaging:A
targetedreview.The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences,69(11),1375–1388.
doi:10.1093/gerona/glu052PMID:24739495

Honold,J.,Lakes,T.,Beyer,R.,&vanderMeer,E.(2016).Restorationinurbanspaces:Natureviewsfromhome,
greenways,andpublicparks.Environment and Behavior,48(6),796–825.

Hopewell,S.,Adedire,O.,Copsey,B.J.,Boniface,G.J.,Sherrington,C.,Clemson,L.,Close,J.C.T.,&Lamb,S.E.
(2018).Multifactorialandmultiplecomponentinterventionsforpreventingfallsinolderpeoplelivinginthecommunity.
Cochrane Database of Systematic Reviews,7,CD012221.doi:10.1002/14651858.CD012221.pub2PMID:30035305

Horlings,C.G.,vanEngelen,B.G.,Allum,J.H.,&Bloem,B.R.(2008).Aweakbalance:Thecontributionofmuscle
weaknesstoposturalinstabilityandfalls.Nature Clinical Practice. Neurology,4(9),504–515.https://doi.org/10.1038/
ncpneuro0886

HousingLearningandImprovementNetwork(LIN).(2007).Older persons housing design: A European good practice 
guide. https://www.brighton-hove.gov.uk/content/housing/general-housing/welhops-welfare-housing-policies-senior-
citizens-0

Hovey,R.,&Apelian,N.(2014).Isourincapacityforconversationaseriousbarriertopersoncentredmedicine?Inter-
national Journal of Person Centered Medicine,4(1).

Hsiao-Wecksler,E.T.,&Robinovitch,S.N.(2007).Theeffectofsteplengthonyoungandelderlywomen’sability
to recover balance. Clinical Biomechanics (Bristol, Avon), 22(5), 574–580. doi:10.1016/j.clinbiomech.2007.01.013
PMID:17391819

306

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.helsenorge.no/trening-og-fysisk-aktivitet/fallforebygging-trening-for-eldre/
https://www.helsenorge.no/trening-og-fysisk-aktivitet/fallforebygging-trening-for-eldre/
https://www.brighton-hove.gov.uk/content/housing/general-housing/welhops-welfare-housing-policies-senior-citizens-0
https://www.brighton-hove.gov.uk/content/housing/general-housing/welhops-welfare-housing-policies-senior-citizens-0


Compilation of References

Hsu,C.L.,Voss,M.W.,Handy,T.C.,Davis,J.C.,Nagamatsu,L.S.,Chan,A.,Bolandzadeh,N.,&Liu-Ambrose,T.
(2014).Disruptionsinbrainnetworksofolderfallersareassociatedwithsubsequentcognitivedecline:A12-month
prospectiveexploratorystudy.PLoS One,9(4),e93673.doi:10.1371/journal.pone.0093673PMID:24699668

Hsu,M.C.,Chien,K.Y.,Hsu,C.C.,Chung,C.J.,Chan,K.H.,&Su,B.(2011).EffectsofBCAA,arginineandcar-
bohydratecombineddrinkonpost-exercisebiochemicalresponseandpsychologicalcondition.The Chinese Journal of 
Physiology,54(2),71–78.Advanceonlinepublication.doi:10.4077/CJP.2011.AMK075PMID:21789887

Huang,Z.G.,Feng,Y.H.,Li,Y.H.,&Lv,C.S.(2017).Systematicreviewandmeta-analysis:TaiChiforpreventing
fallsinolderadults.BMJ Open,7(2),1–8.doi:10.1136/bmjopen-2016-013661PMID:28167744

Huijts,T.,Gkiouleka,A.,Reibling,N.,Thomson,K.H.,Eikemo,T.A.,&Bambra,C.(2017).Educationalinequalities
inriskyhealthbehavioursin21Europeancountries:findingsfromtheEuropeansocialsurvey(2014)specialmoduleon
thesocialdeterminantsofhealth.European Journal of Public Health, 27(suppl_1),63–72.doi:10.1093/eurpub/ckw220

Hurley,M.V.,Rees,J.,&Newham,D.J.(1998).Quadricepsfunction,proprioceptiveacuityandfunctionalperfor-
manceinhealthyyoung,middle-agedandelderlysubjects.Age and Ageing,27(1),55–62.doi:10.1093/ageing/27.1.55
PMID:9504367

Iglesias,C.P.,Manca,A.,&Torgerson,D.J.(2009).Thehealth-relatedqualityoflifeandcostimplicationsoffallsin
elderlywomen.Osteoporosis International, 20(6),869–878.doi:10.100700198-008-0753-5

Illario,M.,Maione,A.S.,Rusciano,M.R.,Goossens,E.,Rauter,A.,Braz,N.,Jager-Wittenaar,H.,DiSomma,C.,
Crola,C.,Soprano,M.,Vuolo,L.,Campiglia,P.,Iaccarino,G.,Griffiths,H.,Hartman,T.,Tramontano,D.,Colao,A.,
&Roller-Wirnsberger,R.(2016).NutriLive:AnIntegratedNutritionalApproachasaSustainableTooltoPreventMal-
nutritioninOlderPeopleandPromoteActiveandHealthyAgeing—TheEIP-AHANutritionActionGroup.Advances 
in Public Health.doi:10.1155/2016/5678782

Illario,M.,Vollenbroek-Hutten,M.,Molloy,D.W.,Menditto,E.,Iaccarino,G.,&Eklund,P.(2015).ActiveandHealthy
AgeingandIndependentLiving.Journal of Aging Research.

Imamura,T.,Hirono,N.,Hashimoto,M.,Kazui,H.,Tanimukai,S.,Hanihara,T.,Takahara,A.,&Mori,E.(2000).Fall-
relatedinjuriesindementiawithLewybodies(DLB)andAlzheimer’sdisease.European Journal of Neurology,7(1),
77–79.doi:10.1046/j.1468-1331.2000.00021.xPMID:10809918

Inamasu,J.,Miyatake,S.,Tomioka,H.,Shirai,T.,Ishiyama,M.,Komagamine,J.,Maeda,N.,Ito,T.,Kase,K.,&Ko-
bayashi,K.(2010).Cardiacarrestduetofoodasphyxiationinadults:Resuscitationprofilesandoutcomes.Resuscitation,
81(9),1082–1086.doi:10.1016/j.resuscitation.2010.04.032PMID:20627519

Inman,C.S.,James,G.A.,Hamann,S.,Rajendra,J.K.,Pagnoni,G.,&Butler,A.J.(2012).Alteredresting-stateeffec-
tiveconnectivityoffronto-parietalmotorcontrolsystemsontheprimarymotornetworkfollowingstroke.NeuroImage,
59(1),227–237.doi:10.1016/j.neuroimage.2011.07.083PMID:21839174

InstitutoNacionaldeEstatística.(2012).População residente (N.º) por Local de residência e Sexo; Decenal (2011).Author.

InstitutoNacionaldeEstatística.(2020).InquéritoNacionaldeSaúde2019.Jornal do Algarve.

InternationalPainSummitOfTheInternationalAssociationForTheStudyOfPain.(2011).DeclarationofMontreal:
Declarationthataccesstopainmanagementisafundamentalhumanright.Journal of Pain & Palliative Care Pharma-
cotherapy,25(1),29–31.doi:10.3109/15360288.2010.547560PMID:21426215

Iyer,S.,Naganathan,V.,McLachlan,A.J.,&LeCouteur,D.G.(2008).MedicationWithdrawalTrialsinPeopleAged
65YearsandOlder.Drugs & Aging,25(12),1021–1031.doi:10.2165/0002512-200825120-00004PMID:19021301

307

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Izquierdo,M.,Häkkinen,K.,Antón,A.,Garrues,M.,Ibañez,J.,Ruesta,M.,&Gorostiaga,E.M.(2001).Maximal
strengthandpower,enduranceperformance,andserumhormonesinmiddle-agedandelderlymen.Medicine and Science 
in Sports and Exercise,33(9),1577–1587.doi:10.1097/00005768-200109000-00022PMID:11528348

Jakicic,J.M.,Powell,K.E.,Campbell,W.W.,Dipietro,L.,Pate,R.R.,Pescatello,L.S.,Collins,K.A.,Bloodgood,B.,
&Piercy,K.L.(2019).ACSMPhysicalActivityandthePreventionofWeightGaininAdults:ASystematicReview.
Medicine and Science in Sports and Exercise,51(6),1262–1269.doi:10.1249/MSS.0000000000001938PMID:31095083

Jansen-Kosterink,S.,vanVelsen,L.,&Frazer,S.(2019).Identificationofcommunity-dwellingolderadultsatriskof
frailtyusingthePERSSILAAscreeningpathway:Amethodologicalguideandresultsofalarge-scaledeploymentin
theNetherlands.BMC Public Health,19,504.https://doi.org/10.1186/s12889-019-6876-0

Janssen,I.,Heymsfield,S.B.,Wang,Z.M.,&Ross,R.(2000).Skeletalmusclemassanddistributionin468menand
womenaged18-88yr.Journal of Applied Physiology,89(1),81–88.doi:10.1152/jappl.2000.89.1.81PMID:10904038

Jaque,S.V.,Thomson,P.,Zaragoza,J.,Werner,F.,Podeszwa,J.,Jacobs,K.,&Nota,D.(2020).CreativeFlowandPhysi-
ologicStatesinDancersDuringPerformance.Creative Flow and Physiologic States in Dancers During Performance,
11(May),2011–2012.doi:10.3389/fpsyg.2020.01000PMID:32528376

Jellinger,K.A.(2002).Alzheimerdiseaseandcerebrovascularpathology:Anupdate.Journal of Neural Transmission 
(Vienna, Austria),109(5-6),813–836.doi:10.1007007020200068PMID:12111471

Jensen,C.S.,Hasselbalch,S.G.,Waldemar,G.,&Simonsen,A.H.(2015).Biochemical markers of physical exercise 
on mild cognitive impairment and dementia : systematic review and perspectives.doi:10.3389/fneur.2015.00187

Johnson,R.,Shaw,J.,Berding,J.,Gather,M.,&Rebstock,M.(2017).Europeannationalgovernmentapproachesto
olderpeople’stransportsystemneeds.Transport Policy,59,17–27.doi:10.1016/j.tranpol.2017.06.005

Jones,C.,Barrera,I.,Brothers,S.,Ring,R.,&Wahlestedt,C.(2017).Oxytocinandsocialfunctioning.Dialogues in 
Clinical Neuroscience,19(2),193–201.doi:10.31887/DCNS.2017.19.2/cjonesPMID:28867943

Jones,S.S.,Heaton,P.S.,Rudin,R.S.,&Schneider,E.C.(2012).UnravelingtheITproductivityparadox—lessons
forhealthcare.The New England Journal of Medicine,366(24),2243–2245.https://doi.org/10.1056/NEJMp1204980

Jost,P.D.(2008).Simulatinghumanspacephysiologywithbedrest.Hippokratia,12(Suppl.1),37–40.PMID:19048091

Julià-Sánchez,S.,Álvarez-Herms,J.,&Burtscher,M.(2019).Dentalocclusionandbodybalance:Aquestionofenvi-
ronmentalconstraints?Journal of Oral Rehabilitation,46(4),388–397.https://doi.org/10.1111/joor.12767

Julià-Sánchez,S.,Álvarez-Herms,J.,Gatterer,H.,Burtscher,M.,Pagès,T.,&Viscor,G.(2015).DentalOcclusionInflu-
encestheStandingBalanceonanUnstablePlatform.Motor Control,19(4),341–354.https://doi.org/10.1123/mc.2014-0018

Jylhä,M.(2009).Whatisself-ratedhealthandwhydoesitpredictmortality?Towardsaunifiedconceptualmodel.Social 
Science & Medicine (1982), 69(3),307–316.doi:10.1016/j.socscimed.2009.05.013

Kafri,M.,Sasson,E.,Assaf,Y.,Balash,Y.,Aiznstein,O.,Hausdorff,J.M.,&Giladi,N.(2012).High-levelgaitdisorder:
Associationswithspecificwhitematterchangesobservedonadvanceddiffusionimaging.Journal of Neuroimaging,
23(1),39–46.doi:10.1111/j.1552-6569.2012.00734.xPMID:22928624

Kannus,P.,Niemi,S.,Parkkari,J.,&Sievänen,H.(2018).ContinuouslydecliningincidenceofhipfractureinFinland:
Analysisofnationwidedatabasein1970-2016.Archives of Gerontology and Geriatrics,77,64–67.doi:10.1016/j.arch-
ger.2018.04.008PMID:29684740

308

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Karinkanta,S.,Edgren,J.,Uusi-Rasi,K.,Tokola,K.,Becker,P.,Nikander,R.,&Sievänen,H.(2019).Is It Repeatable, 
Can It Predict? Validation of Self-rated Fall Risk Screening Tool among Community-dwelling Older Adults.IAGG-ER
Congress,May23-25,2019,Gothenburg,Sweden.OralpresentationO22:05.Retrievedfromhttps://www5.shocklogic.
com/scripts/jmevent/programme.php?Client_Id=%27KONGRESS%27&Project_Id=%27IAGG19%27&System_Id=1

Karlsson,M.K.,Nordqvist,A.,&Karlsson,C.(2008).Physicalactivityincreasesbonemassduringgrowth.Food & 
Nutrition Research,52(1),1–10.doi:10.3402/fnr.v52i0.1871PMID:19109652

Katsuumi,G.,Shimizu,I.,Yoshida,Y.,&Minamino,T.(2018).Vascularsenescenceincardiovascularandmetabolic
diseases.Frontiers in Cardiovascular Medicine,5,18.doi:10.3389/fcvm.2018.00018PMID:29556500

Katz,S.,Downs,T.D.,Cash,H.R.,&Grotz,R.C.(1970).ProgressindevelopmentoftheindexofADL.The Geron-
tologist,10(1),20–30.doi:10.1093/geront/10.1_Part_1.20PMID:5420677

Kearney,F.C.,Harwood,R.H.,Gladman,J.R.,Lincoln,N.,&Masud,T.(2013).Therelationshipbetweenexecutive
functionandfallsandgaitabnormalitiesinolderadults:Asystematicreview.Dementia and Geriatric Cognitive Disor-
ders,36(1-2),20–35.https://doi.org/10.1159/000350031

Kenny,R.A.,Romero-Ortuno,R.,&Kumar,P.(2017).Fallsinolderadults.Medicine,45(1),28–33.doi:10.1016/j.
mpmed.2016.10.007PMID:28298236

Kerr,J.,Rosenberg,D.,&Frank,L.(2012).TheRoleoftheBuiltEnvironmentinHealthyAging:CommunityDesign,
PhysicalActivity,andHealthamongOlderAdults.Journal of Planning Literature,27(1),43–60.

Kickbusch,I.,Maag,D.,&Saan,H.(2005).Enabling healthy choices in modern health societies.EuropeanHealth
Forum,Badgastein.

Kidholm,K.(2012).AModelforAssessmentofTelemedicineapplications:MAST.International Journal of Technology 
Assessment in Health Care,28,44–51.

Kido,T.,Tabara,Y.,Igase,M.,Ochi,N.,Uetani,E.,Nagai,T.,Yamamoto,M.,Taguchi,K.,Miki,T.,&Kohara,K.
(2010).Posturalinstabilityisassociatedwithbrainatrophyandcognitiveimpairmentintheelderly:TheJ-SHIPPstudy.
Dementia and Geriatric Cognitive Disorders,29(5),379–387.doi:10.1159/000255106PMID:20484907

Kim,E.J.,Arai,H.,Chan,P.,Chen,L.K.,D.Hill,K.,Kong,B.,…Won,C.W.(2015).Strategiesonfallpreventionfor
olderpeoplelivinginthecommunity:Areportfromaround-tablemeetinginIAGG2013.Journal of Clinical Gerontol-
ogy and Geriatrics.doi:10.1016/j.jcgg.2015.02.004

Kimberlin,C.L.,&Winterstein,A.G.(2008).ValidityandReliabilityofMeasurementInstrumentsUsedinResearch.
Am Soc Heal Pharm Inc, 65(23),2276–84.Disponivelem:http://www.ajhp.org/content/65/23/2276

Kimble,C.(2015).BusinessModelsforE-Health:EvidenceFromTenCaseStudies.Global Business and Organizational 
Excellence,34(4),18–30.

Kim,H.K.,Suzuki,T.,Saito,K.,Yoshida,H.,Kobayashi,H.,Kato,H.,&Katayama,M.(2012).Effectsofexerciseand
aminoacidsupplementationonbodycompositionandphysicalfunctionincommunity-dwellingelderlyJapanesesarcopenic
women:Arandomizedcontrolledtrial.Journal of the American Geriatrics Society,60(1),16–23.doi:10.1111/j.1532-
5415.2011.03776.xPMID:22142410

Kim,J.S.,&Zee,D.S.(2014).Clinicalpractice.Benignparoxysmalpositionalvertigo.The New England Journal of 
Medicine,370(12),1138–1147.https://doi.org/10.1056/NEJMcp13094817

Kim,J.,&Parish,A.L.(2017).Polypharmacyandmedicationmanagementinolderadults.Nursing Clinics,52(3),
457–468.doi:10.1016/j.cnur.2017.04.007PMID:28779826

309

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www5.shocklogic.com/scripts/jmevent/programme.php?Client_Id=%27KONGRESS%27&Project_Id=%27IAGG19%27&System_Id=1
https://www5.shocklogic.com/scripts/jmevent/programme.php?Client_Id=%27KONGRESS%27&Project_Id=%27IAGG19%27&System_Id=1
http://www.ajhp.org/content/65/23/2276


Compilation of References

Kim,K.I.,Gollamudi,S.S.,&Steinhubl,S.(2017).Digitaltechnologytoenableaginginplace.Experimental Geron-
tology,88,25–31.https://doi.org/10.1016/j.exger.2016.11.013

King,A.,Whitt-Glover,M.,Marquez,D.,Buman,M.,Napolitano,M.,Jakicic,J.,Fulton,J.,&Tennant,B.(2019).
ACSMPhysicalActivityPromotion:Highlightsfromthe2018PhysicalActivityGuidelinesAdvisoryCommitteeSys-
tematicReview.Medicine and Science in Sports and Exercise,51(6),1340–1353.doi:10.1249/MSS.0000000000001945
PMID:31095090

King,M.,Whipple,R.,Gruman,C.,Judge,J.,Schmidt,J.,&Wolfson,L.(2002).Theperformanceenhancementproject:
Improvingphysicalperformanceinolderpersons.Archives of Physical Medicine and Rehabilitation,83(8),1060–1069.
doi:10.1053/apmr.2002.33653PMID:12161826

Kingston,A.,Robinson,L.,Booth,H.,Knapp,M.,&Jagger,C.(2018).Projectionsofmulti-morbidityintheolder
populationinEnglandto2035:EstimatesfromthePopulationAgeingandCareSimulation(PACSim)model.Age and 
Ageing,47(3),374–380.doi:10.1093/ageing/afx201PMID:29370339

Kivilaakso,R.(1956).Reisiluuntrokantteriseudunmurtumiennaulauksesta.Duodecim,72,981–989.PMID:13397471

Klein,B.E.,Klein,R.,Lee,K.E.,&Cruickshanks,K.J.(1998).Performance-basedandself-assessedmeasuresofvisual
functionasrelatedtohistoryoffalls,hipfractures,andmeasuredgaittime.TheBeaverDamEyeStudy.Ophthalmology,
105(1),160–164.https://doi.org/10.1016/s0161-6420(98)91911-x

Klein,D.,Nagel,G.,Kleiner,A.,Umer,H.,Rehberger,B.,Concin,H.,&Rapp,K.(2013).Bloodpressureandfalls
incommunity-dwellingpeopleaged60yearsandolderintheVHM&PPcohort.BMC Geriatrics,13,50.https://doi.
org/10.1186/1471-2318-13-50

Klein,R.,Klein,B.E.,Lee,K.E.,Cruickshanks,K.J.,&Chappell,R.J.(2001).Changesinvisualacuityinapopula-
tionovera10-yearperiod:TheBeaverDamEyeStudy.Ophthalmology,108(10),1757–1766.https://doi.org/10.1016/
s0161-6420(01)00769-2

Klein-Schwartz,W.,&Oderda,G.M.(1991).Poisoningintheelderly.Drugs & Aging,1(1),67–89.doi:10.2165/00002512-
199101010-00008PMID:1794007

Klenk,J.,Becker,C.,Palumbo,P.,Schwickert,L.,Rapp,K.,Helbostad,J.L.,Todd,C.,Lord,S.R.,&Kerse,N.(2017).
ConceptualizingaDynamicFallRiskModelIncludingIntrinsicRisksandExposures.Journal of the American Medical 
Directors Association,18(11),921–927.doi:10.1016/j.jamda.2017.08.001PMID:28916290

Klunk,W.E.,Engler,H.,Nordberg,A.,Wang,Y.,Blomqvist,G.,Holt,D.P.,Bergström,M.,Savitcheva,I.,Huang,
G.-F.,Estrada,S.,Ausén,B.,Debnath,M.L.,Barletta,J.,Price,J.C.,Sandell,J.,Lopresti,B.J.,Wall,A.,Koivisto,P.,
Antoni,G.,...Långström,B.(2004).ImagingbrainamyloidinAlzheimer&apos;sdiseasewithPittsburghCompound-B.
Annals of Neurology,55(3),306–319.doi:10.1002/ana.20009PMID:14991808

Koch,G.,DiLorenzo,F.,Bonnì,S.,Giacobbe,V.,Bozzali,M.,Caltagirone,C.,&Martorana,A.(2014).Dopaminer-
gicmodulationofcorticalplasticityinAlzheimer’sdiseasepatients.Neuropsychopharmacology,39(11),2654–2661.
doi:10.1038/npp.2014.119PMID:24859851

Koennecke,H.C.(2006).CerebralmicrobleedsonMRI:Prevalence,associations,andpotentialclinicalimplications.
Neurology,66(2),165–171.doi:10.1212/01.wnl.0000194266.55694.1ePMID:16434647

Koo,B.B.,Bergethon,P.,Qiu,W.Q.,Scott,T.,Hussain,M.,Rosenberg,I.,Caplan,L.R.,&Bhadelia,R.A.(2012).
Clinicalpredictionoffallriskandwhitematterabnormalities:Adiffusiontensorimagingstudy.Archives of Neurology,
69(6),733–738.doi:10.1001/archneurol.2011.2272PMID:22332181

310

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Korhonen,N.(2014).Fall-Induced Injuries and Deaths Among Older Finns Between 1970 and 2012.UniversityofTampere.
Retrievedfromhttps://trepo.tuni.fi/bitstream/handle/10024/96374/978-951-44-9638-7.pdf?sequence=1&isAllowed=y

Korley,F.K.,Pham,J.C.,&Kirsch,T.D.(2010).UseofadvancedradiologyduringvisitstoUSemergencydepart-
mentsforinjury-relatedconditions,1998–2007.Journal of the American Medical Association,304(13),1465–1471.
doi:10.1001/jama.2010.1408PMID:20924012

Kouzaki,M.,&Shinohara,M.(2010).Steadinessinplantarflexormusclesanditsrelationtoposturalswayinyoung
andelderlyadults.Steadiness in Plantar Flexor Muscles and Its Relation to Postural Sway in Young and Elderly Adults,
42(July),78–87.Advanceonlinepublication.doi:10.1002/mus.21599PMID:20544908

Kramarow,E.,Warner,M.,&Chen,L.H.(2014).Food-relatedchokingdeathsamongtheelderly.Injury Prevention,
20(3),200–203.doi:10.1136/injuryprev-2013-040795PMID:24003082

Kraus,W.E.,Powell,K.E.,Haskell,W.L.,Janz,K.F.,Campbell,W.W.,Jakicic,J.M.,Troiano,R.P.,Sprow,K.,Torres,
A.,&Piercy,K.L.(2019).ACSMPhysicalActivity,All-CauseandCardiovascularMortality,andCardiovascularDisease.
Medicine and Science in Sports and Exercise,51(6),1270–1281.doi:10.1249/MSS.0000000000001939PMID:31095084

Krumsvik,O.A.,&Babic,A.(2017).Designingasafetyreportingsmartphoneapplicationtoimprovepatientsafety
aftertotalhiparthroplasty.Studies in Health Technology and Informatics,238,84–87.doi:10.3233/978-1-61499-781-
8-84PMID:28679893

Kubitschke,L.,Meyer,I.,&Müller,S.(2017).Kanne-HealtheinenBeitragzuverstärkterIntegrationvonGesundheits-
dienstleistungenundverbesserterKooperationbeteiligterAkteureleisten?ErfahrungenauseuropäischenPilotprojekten.
InA.Brandhorst,H.Hildebrandt,&E.Luthe(Eds.),W.: Kooperation und Integration – das unvollendete Projekt des 
Gesundheitssystems.Springer.

Kubitschke,L.,Müller,S.,&Meyer,I.(2014).DoallroadsleadtoRome?ModelsforintegratedeCareservicesinEu-
rope.InI.Meyer,S.Müller,&L.Kubitschke(Eds.),Achieving Effective Integrated E-Care Beyond the Silos.IGIGlobal.

Kumar,K.H.,&Elavarasi,P.(2016).Definitionofpainandclassificationofpaindisorders.Journal of Advanced Clini-
cal & Research Insights,3,87–90.doi:10.15713/ins.jcri.112

Kurkipää,M.,Vaalasti,T.,&Peltokallio,P.(1959).Mediaalistenreisiluunkaulanmurtumienhoidostajahoitotuloksista.
Duodecim,75,233–246.PMID:13652820

Kwan,M.M.,Tsang,W.W.,Lin,S.I.,Greenaway,M.,Close,J.C.,&Lord,S.R.(2013).Increasedconcernisprotec-
tiveforfallsinChineseolderpeople:TheChopstixFallRiskStudy.The Journals of Gerontology. Series A, Biological 
Sciences and Medical Sciences,68(8),946–953.doi:10.1093/gerona/gls338PMID:23401568

Kyrdalen,I.L.,Thingstad,P.,Sandvik,L.,&Ormstad,H.(2019).Associationsbetweengaitspeedandwell-knownfall
riskfactorsamongcommunity-dwellingolderadults.Physiotherapy Research International,24(1),e1743.Advance
onlinepublication.doi:10.1002/pri.1743PMID:30198603

Lach,H.W.,Harrison,B.E.,&Phongphanngam,S.(2017).FallsandFallPreventioninOlderAdultsWithEarly-
StageDementia:AnIntegrativeReview.Research in Gerontological Nursing,10(3),139–148.doi:10.3928/19404921-
20160908-01PMID:27665756

Laird,R.D.,Studenski,S.,Perera,S.,&Wallace,D.(2001).Fallhistoryisanindependentpredictorofadversehealth
outcomesandutilizationintheelderly.The American Journal of Managed Care,7(12),1133–1138.PMID:11767299

Langley,J.,&Brenner,R.(2004).Whatisaninjury?Injury Prevention Journal.,10(2),69–71.doi:10.1136/ip.2003.003715
PMID:15066967

311

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://trepo.tuni.fi/bitstream/handle/10024/96374/978-951-44-9638-7.pdf?sequence=1&isAllowed=y


Compilation of References

Lauria,A.(2017).EnvironmentalDesign&Accessibility.Notes on the Person-Environment Relationship and on Design 
Strategies,13,55–62.

Lawton,M.P.,&Brody,E.M.(1969).Assessmentofolderpeople:Self-maintainingandinstrumentalactivitiesofdaily
living.The Gerontologist,9(3),179–186.doi:10.1093/geront/9.3_Part_1.179PMID:5349366

Leahy-Warren,P.,Day,M.R.,Philpott,L.,Glavin,K.,Gjevjon,E.R.,Steffenak,A.K.M.,Nordhagen,L.S.,Egge,H.,
Healy,E.,&Mulcahy,H.(2018).Afallscasesummary:Applicationofthepublichealthnursinginterventionwheel.
Public Health Nursing (Boston, Mass.),35(4),307–316.doi:10.1111/phn.12408PMID:29676488

Leblanc,A.D.,Schneider,V.S.,Evans,H.J.,Engelbretson,D.A.,&Krebs,J.M.(1990).Bone-MineralLossandRe-
coveryafter17WeeksofBedRest.Journal of Bone and Mineral Research,5(8),843–850.doi:10.1002/jbmr.5650050807
PMID:2239368

Lee,H.,&Ailshire,J.(2020).NeighborhoodandHousingConditionsandRiskofFalls.Innovation in Aging,4(Suppl
1),651–652.doi:10.1093/geroni/igaa057.2245

Lee,J.,Negm,A.,Peters,R.,Wong,E.K.C.,&Holbrook,A.(2021).Deprescribingfall-riskincreasingdrugs(FRIDs)
forthepreventionoffallsandfall-relatedcomplications:Asystematicreviewandmeta-analysis.BMJ Open,11(2),
e035978.doi:10.1136/bmjopen-2019-035978PMID:33568364

Leipzig,R.M.,Cumming,R.G.,&Tinetti,M.E.(1999).Drugsandfallsinolderpeople:Asystematicreviewandmeta-
analysis:I.Psychotropicdrugs.Journal of the American Geriatrics Society,47(1),30–39.Advanceonlinepublication.
doi:10.1111/j.1532-5415.1999.tb01898.xPMID:9920227

Leveille,S.G.,Jones,R.N.,Kiely,D.K.,Hausdorff,J.M.,Shmerling,R.H.,Guralnik,J.M.,...Bean,J.F.(2009).
Chronicmusculoskeletalpainandtheoccurrenceoffallsinanolderpopulation.Journal of the American Medical As-
sociation,302(20),2214–2221.doi:10.1001/jama.2009.1738PMID:19934422

Lindner,E.,Duftner,C.,Dejaco,C.,&Schirmer,M.(2015).Riskfactorsforfallsandtheirimpactontheseverityof
fall-relatedinjuries.Healthy Aging Research,4,2–5.

Lindner,S.,Kubitschke,L.,Lionis,C.,Anastasaki,M.,Kirchmayer,U.,Giacomini,S.,DeLuca,V.,Iaccarino,G.,Il-
lario,M.,Maddalena,A.,Maritati,A.,Conforti,D.,Roba,I.,Musian,D.,Cano,A.,Granell,M.,Carriazo,A.M.,Lama,
C.M.,Rodríguez,S.,...Roller-Wirnsberger,R.VIGOURconsortium.(2020).CanIntegratedCareHelpinMeetingthe
ChallengesPosedonOurHealthCareSystemsbyCOVID-19?SomePreliminaryLessonsLearnedfromtheEuropean
VIGOURProject.International Journal of Integrated Care,20(4),4.https://doi.org/10.5334/ijic.5596

Lindor,R.A.,Boie,E.T.,Campbell,R.L.,Hess,E.P.,&Sadosty,A.T.(2015).FailuretoObtainComputedTomog-
raphyImaginginHeadTrauma:AReviewofRelevantCaseLaw.Academic Emergency Medicine,22(12),1493–1498.
doi:10.1111/acem.12823PMID:26575581

Liotta,G.,Inzerilli,M.C.,Palombi,L.,Bianchini,A.,DiGennaro,L.,Madaro,O.,&Marazzi,M.C.(2018c).Impact
ofsocialcareonHospitalAdmissionsinasampleofcommunity-dwellingolderadults:Resultsofaquasi-experimental
study.Annali di igiene: medicina preventiva e di comunità,30(5),378–386.https://doi.org/10.7416/ai.2018.2237

Liotta,G.,Inzerilli,M.C.,Palombi,L.,Madaro,O.,Orlando,S.,Scarcella,P.,Betti,D.,&Marazzi,M.C.(2018b).
SocialInterventionstoPreventHeat-RelatedMortalityintheOlderAdultinRome,Italy:AQuasi-ExperimentalStudy.
International Journal of Environmental Research and Public Health,15(4),715.https://doi.org/10.3390/ijerph15040715

312

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Liotta,G.,Ussai,S.,Illario,M.,O’Caoimh,R.,Cano,A.,Holland,C.,Roller-Wirnsberger,R.,Capanna,A.,Grecuccio,
C.,Ferraro,M.,Paradiso,F.,Ambrosone,C.,Morucci,L.,Scarcella,P.,DeLuca,V.,&Palombi,L.(2018a).Frailtyas
theFutureCoreBusinessofPublicHealth:ReportoftheActivitiesoftheA3ActionGroupoftheEuropeanInnovation
PartnershiponActiveandHealthyAgeing(EIPonAHA).International Journal of Environmental Research and Public 
Health,15(12),2843.doi:10.3390/ijerph15122843PMID:30551599

Lipardo,D.S.,&Tsang,W.(2018).Fallsprevention throughphysicalandcognitive training(fallsPACT) inolder
adultswithmildcognitiveimpairment:Arandomizedcontrolledtrialprotocol.BMC Geriatrics,18(1),193.https://doi.
org/10.1186/s12877-018-0868-2

Lipnicki,D.M.,&Gunga,H.C.(2009).Physicalinactivityandcognitivefunctioning:Resultsfrombedreststudies.
European Journal of Applied Physiology,105(1),27–35.doi:10.100700421-008-0869-5PMID:18797919

Lippuner,K.,Golder,M.,&Greiner,R.(2005).Epidemiologyanddirectmedicalcostsofosteoporoticfracturesinmen
andwomeninSwitzerland.Osteoporosis International,16(S2),S8–S17.doi:10.100700198-004-1696-0PMID:15378232

Liu,H.,Yang,Y.,Xia,Y.,Zhu,W.,Leak,R.K.,Wei,Z.,Wang,J.,&Hu,X.(2017).Agingofcerebralwhitematter.
Ageing Research Reviews,34,64–76.doi:10.1016/j.arr.2016.11.006PMID:27865980

LocalGovernmentAssociation.(2016).The journey to integrated care: Learning from seven leading localities.LGA.

Locher,J.L.,Ritchie,C.S.,Roth,D.L.,Sen,B.,Vickers,K.S.,&Vailas,L.I.(2009).Foodchoiceamonghomebound
olderadults:Motivationsandperceivedbarriers.JNHA-The Journal of Nutrition.Health and Aging,13(8),659–664.
PMID:19657547

Lohman,T.G.,Roche,A.F.,&Martorell,R.(1988).Anthropometric standardizationreference manual.HumanKinet-
icsPublishers.

Lombardo,S.(2017).Residenze per anziani. Guida alla Progettazione[Residencesfortheelderly.DesignGuide].Flaccovio.

Lönnroos,E.,Kautiainen,H.,Karppi,P.,Huusko,T.,Hartikainen,S.,Kiviranta,I.,&Sulkava,R.(2006).Increased
incidenceofhipfractures.Apopulationbased-studyinFinland.Bone,39(3),623–627.doi:10.1016/j.bone.2006.03.001
PMID:16603427

Lord,S.R.,Clark,R.D.,&Webster,I.W.(1991).Posturalstabilityandassociatedphysiologicalfactorsinapopulation
ofagedpersons.Journal of Gerontology,46(3),M69–M76.doi:10.1093/geronj/46.3.M69PMID:2030269

Lord,S.R.,Murray,S.M.,Chapman,K.,Munro,B.,&Tiedemann,A.(2002).Sit-to-standperformancedependson
sensation,speed,balance,andpsychologicalstatusinadditiontostrengthinolderpeople.The Journals of Gerontology. 
Series A, Biological Sciences and Medical Sciences,57(8),M539–M543.https://doi.org/10.1093/gerona/57.8.m539

LovisenbergDiakonaleSykehus. (2021).Pasientsikkerhetsprogrammet - Lovisenberg Diakonale Sykehus.https://lo-
visenbergsykehus.no/kvalitet-og-pasientsikkerhet/pasientsikkerhetsprogrammet#forebygging-av-fall-i-helseinstitusjoner

Lowenstein,M.(2005).Ifadvisingisteaching,whatdoadvisorsteach?NACADA Journal,25(2),65–73.doi:10.12930/0271-
9517-25.2.65

Luukinen,H.(1995).Incidence and risk factors for falls in the elderly: with special reference to recurrent falls.Uni-
versityofOulu.

Macaluso,A.,&Vito,G.De.(2004).Muscle strength, power and adaptations to resistance training in older people.
doi:10.100700421-003-0991-3

313

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://lovisenbergsykehus.no/kvalitet-og-pasientsikkerhet/pasientsikkerhetsprogrammet#forebygging-av-fall-i-helseinstitusjoner
https://lovisenbergsykehus.no/kvalitet-og-pasientsikkerhet/pasientsikkerhetsprogrammet#forebygging-av-fall-i-helseinstitusjoner


Compilation of References

Mackenbach,J.P.,Kulhánová,I.,Artnik,B.,Bopp,M.,Borrell,C.,Clemens,T.,Costa,G.,Dibben,C.,Kalediene,R.,
Lundberg,O.,Martikainen,P.,Menvielle,G.,Östergren,O.,Prochorskas,R.,Rodríguez-Sanz,M.,HeineStrand,B.,
Looman,C.,&deGelder,R.(2016).ChangesinMortalityInequalitiesoverTwoDecades:RegisterBasedStudyof
EuropeanCountries.BMJ (Clinical Research Ed.),353,1732.doi:10.1136/bmj.i1732

Mackenbach,J.P.,Meerding,W.J.,&Kunst,A.E.(2011).EconomiccostsofhealthinequalitiesintheEuropeanUnion.
Journal of Epidemiology and Community Health,65(5),412–419.https://doi.org/10.1136/jech.2010.112680

MacKey,D.C.,&Robinovitch,S.N.(2006).Mechanismsunderlyingage-relateddifferencesinabilitytorecoverbalance
withtheanklestrategy.Gait & Posture,23(1),59–68.doi:10.1016/j.gaitpost.2004.11.009PMID:16311196

Macklai,N.S.,Spagnoli,J.,Junod,J.,&Santos-eggimann,B.(2013).Prospective association of the SHARE- opera-
tionalized frailty phenotype with adverse health outcomes : evidence from 60 + community- dwelling Europeans living 
in 11 countries.AcademicPress.

Magni,P.,Bier,D.M.,Pecorelli,S.,Agostoni,C.,Astrup,A.,Brighenti,F.,Cook,R.,Folco,E.,Fontana,L.,Gibson,R.
A.,Guerra,R.,Guyatt,G.H.,Ioannidis,J.P.,Jackson,A.S.,Klurfeld,D.M.,Makrides,M.,Mathioudakis,B.,Monaco,
A.,Patel,C.J.,Racagni,G.,…Peracino,A.(2017).Perspective:ImprovingNutritionalGuidelinesforSustainableHealth
Policies:CurrentStatusandPerspectives.Advances in Nutrition, 8(4),532–545.doi:10.3945/an.116.014738

Mahbub,M.H.,Hase,R.,Yamaguchi,N.,Hiroshige,K.,Harada,N.,Bhuiyan,A.N.M.,&Tanabe,T.(2020).Acute
EffectsofWhole-BodyVibrationonPeripheralBloodFlow,VibrotactilePerceptionandBalanceinOlderAdults.Interna-
tional Journal of Environmental Research and Public Health,17(3),1069.doi:10.3390/ijerph17031069PMID:32046205

Mahoney, J. E. (1998). Immobility and falls. Clinics in Geriatric Medicine, 14(4), 699–726. doi:10.1016/S0749-
0690(18)30087-9PMID:9799475

Mair,A.,Fernandez-Llimós,F.,Alonso,A.,Harrison,C.,Hurding,S.,Kempen,T.,Kinnear,M.,Michael,N.,McIntosh,
J.,&Wilson,M.(2017).Polypharmacy management by 2030: a patient safety challenge.AcademicPress.

Maitre,J.,Jully,J.L.,Gasnier,Y.,&Paillard,T.(2013).Chronicphysicalactivitypreservesefficiencyofproprioception
inposturalcontrolinolderwomen.Journal of Rehabilitation Research and Development,50(6).

Makizako,H.,Shimada,H.,Doi,T.,Park,H.,Yoshida,D.,Uemura,K.,Tsutsumimoto,K.,Liu-Ambrose,T.,&Suzuki,
T.(2013).Poorbalanceandlowergraymattervolumepredictfallsinolderadultswithmildcognitiveimpairment.BMC 
Neurology,13(1),102.doi:10.1186/1471-2377-13-102PMID:23915144

Manfredini,D.,Castroflorio,T.,Perinetti,G.,&Guarda-Nardini,L.(2012).Dentalocclusion,bodypostureandtemporo-
mandibulardisorders:Wherewearenowandwhereweareheadingfor.Journal of Oral Rehabilitation,39(6),463–471.
https://doi.org/10.1111/j.1365-2842.2012.02291.x

Maniar,H.,McPhillips,K.,Torres,D.,Wild,J.,Suk,M.,&Horwitz,D.(2015).Clinicalindicationsofcomputedto-
mography(CT)oftheheadinpatientswithlow-energygeriatrichipfractures.Injury,46(11),2185–2189.doi:10.1016/j.
injury.2015.06.036PMID:26296456

Manini,T.M.,&Clark,B.C.(2012).DynapeniaandAging.An Update,67A(1),28–40.doi:10.1093/gerona/glr010
PMID:21444359

Mankia,K.,&Emery,P.(2019).Palindromicrheumatismaspartoftherheumatoidarthritiscontinuum.Nature Reviews. 
Rheumatology,15(11),687–695.doi:10.103841584-019-0308-5PMID:31595059

314

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Man-Son-Hing,M.,Marshall,S.C.,Molnar,F.J.,&Wilson,K.G.(2007).Systematicreviewofdrivingriskandtheef-
ficacyofcompensatorystrategiesinpersonswithdementia.Journal of the American Geriatrics Society,55(6),878–884.
doi:10.1111/j.1532-5415.2007.01177.xPMID:17537088

Mänty,M.,Sihvonen,S.,Hulkko,T.,&Lounamaa,A.(2006).Iäkkäiden henkilöiden kaatumistapaturmat: Opas kaa-
tumisten ja murtumien ehkäisyyn.KansanterveyslaitoksenjulkaisujaB:8/2006.Retrievedfromhttps://www.julkari.fi/
bitstream/handle/10024/78142/2006b08.pdf?sequence=1&isAllowed=y

Marazzi,M.C.,Inzerilli,M.C.,Madaro,O.,Palombi,L.,Scarcella,P.,Orlando,S.,Maurici,M.,&Liotta,G.(2015).
Impactofthecommunity-basedactivemonitoringprogramonthelongtermcareservicesuseandin-patientadmissions
oftheover-74population.Advances in Aging Research,4,187–194.

MarcelliV.(2011).Laturbaposturalepostmanovraliberatoria[Theposturaldisturbancepostliberatingmanoeuvre].
Acta Otorhinolaringologica Italica, 2.

Marcucci,M.,Damanti,S.,Germini,F.,Apostolo,J.,Bobrowicz-Campos,E.,Gwyther,H.,Holland,C.,Kurpas,D.,
Bujnowska-Fedak,M.,Szwamel,K.,Santana,S.,Nobili,A.,D’Avanzo,B.,&Cano,A.(2019).Interventionstoprevent,
delayorreversefrailtyinolderpeople:Ajourneytowardsclinicalguidelines.BMC Medicine,17(1),193.https://doi.
org/10.1186/s12916-019-1434-2

Martinez-Ramirez,S.,Greenberg,S.M.,&Viswanathan,A.(2014).Cerebralmicrobleeds:Overviewandimplications
incognitiveimpairment.Alzheimer’s Research & Therapy,6(3),33.doi:10.1186/alzrt263PMID:24987468

Martínez-Velilla,N.,Casas-Herrero,A.,Zambom-Ferraresi,F.,Suárez,N.,Alonso-Renedo,J.,Contín,K.C.,deAsteasu,
M.L.-S.,Echeverria,N.F.,Lázaro,M.G.,&Izquierdo,M.(2015).Functionalandcognitiveimpairmentprevention
throughearlyphysicalactivityforgeriatrichospitalizedpatients:Studyprotocolforarandomizedcontrolledtrial.BMC 
Geriatrics,15(1),112.doi:10.118612877-015-0109-xPMID:26374430

Martone,A.M.,Onder,G.,Vetrano,D.L.,Ortolani,E.,Tosato,M.,Marzetti,E.,&Landi,F.(2013).Anorexiaofaging:
Amodifiableriskfactorforfrailty.Nutrients,5(10),4126–4133.doi:10.3390/nu5104126PMID:24128975

Martorana,A.,&Koch,G.(2014).IsdopamineinvolvedinAlzheimer’sdisease?Frontiers in Aging Neuroscience,6,
252.doi:10.3389/fnagi.2014.00252PMID:25309431

Marusic,U.,Giordani,B.,Moffat,S.D.,Petrič,M.,Dolenc,P.,Pišot,R.,&Kavcic,V.(2016).Computerizedcogni-
tivetrainingduringphysicalinactivityimprovesexecutivefunctioninginolderadults.Neuropsychology, Development, 
and Cognition. Section B, Aging, Neuropsychology and Cognition,25(1),49–69.doi:10.1080/13825585.2016.126372
4PMID:27937138

Marusic,U.,Meeusen,R.,Pisot,R.,&Kavcic,V.(2014).Thebraininmicro-andhypergravity:Theeffectsofchanging
gravityonthebrainelectrocorticalactivity.European Journal of Sport Science,14(8),813–822.doi:10.1080/1746139
1.2014.908959PMID:24734884

Masdeu,J.C.,Lantos,G.,&Wolfson,L.(1986).Hemisphericwhitematterlesionsintheelderlypronetofalling.Acta 
Radiologica. Supplementum,369,392.PMID:2980506

Mathias,S.,Nayak,U.S.L.,&Isaacs,B.(1986).Balanceinelderlypatients:The“Get-upandGo”test.Archives of 
Physical Medicine and Rehabilitation,67,387–389.PMID:3487300

Matjeka, L. P. (2020). The Move Maker - Exploring Bodily Preconditions and Surrounding Conditions for Bodily
InteractivePlay.Conference on Human Factors in Computing Systems - Proceedings,1–6.10.1145/3334480.3381652

315

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.julkari.fi/bitstream/handle/10024/78142/2006b08.pdf?sequence=1&isAllowed=y
https://www.julkari.fi/bitstream/handle/10024/78142/2006b08.pdf?sequence=1&isAllowed=y


Compilation of References

McDowell,I.,&Praught,E.(1982).Onthemeasurementofhappiness:anexaminationoftheBradburnscaleinthe
Canadahealthsurvey.American Journal of Epidemiology,116(6),949–958.doi:10.1093/oxfordjournals.aje.a113497
PMID:7148819

McGavern,D.B.,Murray,P.D.,&Rodriguez,M.(1999).Quantitationofspinalcorddemyelination,remyelination,
atrophy,andaxonallossinamodelofprogressiveneurologicinjury.Journal of Neuroscience Research,58(4),492–504.
doi:10.1002/(SICI)1097-4547(19991115)58:4<492::AID-JNR3>3.0.CO;2-PPMID:10533042

McKenzie,G.,Lasater,K.,Delander,G.,Neal,M.,Morgove,M.,&Eckstrom,E.(2017).Fallspreventioneducation:
Interprofessionaltrainingtoenhancecollaborativepractice.Gerontology & Geriatrics Education,38(2),232–243.doi
:10.1080/02701960.2015.1127809PMID:26886245

McNamara,C.L.,Balaj,M.,Thomson,K.H.,Eikemo,T.A.,Solheim,E.F.,&Bambra,C.(2017).Thesocioeconomic
distributionofnon-communicablediseasesinEurope:findingsfromtheEuropeanSocialSurvey(2014)specialmodule
onthesocialdeterminantsofhealth.European Journal of Public Health, 27(suppl_1),22–26.doi:10.1093/eurpub/ckw222

Mechanic,D.,&Bradburn,N.M.(1970).TheStructureofPsychologicalWell-Being.American Sociological Review,
35(5),948.doi:10.2307/2093340

Medeiros,A.C.,Siqueira,H.,Zamberlan,C.,Cecagno,D.,Nunes,S.,&Thurow,M.(2016).Comprehensivenessand
humanizationofnursingcaremanagementintheIntensiveCareUnit.Revista da Escola de Enfermagem da U S P.,50(5),
816–822.doi:10.15900080-623420160000600015PMID:27982401

Melton,L.J.III,Achenbach,S.J.,Atkinson,E.J.,Therneau,T.M.,&Amin,S.(2013).Long-termmortalityfollowing
fracturesatdifferentskeletalsites:Apopulation-basedcohortstudy.Osteoporosis International,24(5),1689–1696.
doi:10.100700198-012-2225-1PMID:23212281

Melton,L.J.III,Chrischilles,E.A.,Cooper,C.,Lane,A.W.,&Riggs,B.L.(1992).Perspectivehowmanywomenhave
osteoporosis?Journal of Bone and Mineral Research,7(9),1005–1010.doi:10.1002/jbmr.5650070902PMID:1414493

Menant,J.C.,StGeorge,R.J.,Fitzpatrick,R.C.,&Lord,S.R.(2012).Perceptionoftheposturalverticalandfallsin
olderpeople.Gerontology,58(6),497–503.https://doi.org/10.1159/000339295

Mendes,R.,Sousa,N.,&Barata,J.L.T.(2011).Actividadefísicaesaúdepública.Recomendações para a Prescrição 
de Exercício,1025–1030.

Metwalli,N.S.,Benatar,M.,Nair,G.,Usher,S.,Hu,X.,&Carew,J.D.(2010).Utilityofaxialandradialdiffusivity
fromdiffusiontensorMRIasmarkersofneurodegenerationinamyotrophic lateralsclerosis.Brain Research,1348,
156–164.doi:10.1016/j.brainres.2010.05.067PMID:20513367

Meuleners,L.B.,Fraser,M.L.,Bulsara,M.K.,Chow,K.,&Ng,J.Q.(2016).Riskfactorsforrecurrentinjuriousfalls
thatrequirehospitalizationforolderadultswithdementia:Apopulationbasedstudy.BMC Neurology,16(1),188.https://
doi.org/10.1186/s12883-016-0711-3

Meuleners,L.B.,&Hobday,M.B.(2017).APopulation-BasedStudyExaminingInjury inOlderAdultswithand
withoutDementia.Journal of the American Geriatrics Society,65(3),520–525.doi:10.1111/jgs.14523PMID:28102889

Meurer,S.T.,Benedetti,T.R.B.,&Mazo,G.Z.(2009).Aspectosdaautoimagemeautoestimadeidososativos.Motriz,
15(4),788–796.

Meyer,M.,Constancias,F.,Vogel,T.,Kaltenbach,G.,&Schmitt,E.(2020).GaitDisorderamongElderlyPeople,Psy-
chomotorDisadaptationSyndrome:Post-FallSyndrome,RiskFactorsandFollow-Up–ACohortStudyof70Patients.
Gerontology,1–8.PMID:33254165

316

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Michelotti,A.,Buonocore,G.,Manzo,P.,Pellegrino,G.,&Farella,M.(2011).Dentalocclusionandposture:Anover-
view.Progress in Orthodontics,12(1),53–58.https://doi.org/10.1016/j.pio.2010.09.010

Mielenz,T.J.,Kannoth,S.,Jia,H.,Pullyblank,K.,Sorensen,J.,Estabrooks,P.,...Strogatz,D.(2020).Evaluatinga
two-levelvs.three-levelfallriskscreeningalgorithmforpredictingfallsamongolderadults.Frontiers in Public Health,
8.PMID:32903603

Migliaccio,A.A.,Halmagyi,G.M.,McGarvie,L.A.,&Cremer,P.D.(2004).Cerebellarataxiawithbilateralvestibu-
lopathy:Descriptionofasyndromeanditscharacteristicclinicalsign.Brain,127(Pt2),280–293.https://doi.org/10.1093/
brain/awh030

Mikkelsen,M.E.,Christie,J.D.,Lanken,P.N.,Biester,R.C.,Thompson,B.T.,Bellamy,S.L.,Localio,A.R.,De-
missie,E.,Hopkins,R.O.,&Angus,D.C.(2012).Theadultrespiratorydistresssyndromecognitiveoutcomesstudy:
Long-termneuropsychologicalfunctioninsurvivorsofacutelunginjury.American Journal of Respiratory and Critical 
Care Medicine,185(12),1307–1315.https://doi.org/10.1164/rccm.201111-2025OC

Milat,A.J.,Watson,W.L.,Monger,C.,Barr,M.,Giffin,M.,&Reid,M.(2011).Prevalence,circumstancesandconse-
quencesoffallsamongcommunity-dwellingolderpeople:Resultsofthe2009NSWFallsPreventionBaselineSurvey.
New South Wales Public Health Bulletin,22(4),43–48.doi:10.1071/NB10065PMID:21631998

Milte,R.,&Crotty,M.(2014).BestPractice&ResearchClinicalRheumatologyMusculoskeletalhealth,frailtyand
functionaldecline.Best Practice & Research. Clinical Rheumatology,28(3),395–410.doi:10.1016/j.berh.2014.07.005
PMID:25481423

Mincolelli,G.,Imbesi,S.,&Marchi,M.(2018).DesignfortheActiveAgeingandAutonomy:TheRoleofIndustrial
DesignintheDevelopmentoftheHabitatIOTProject.InG.DiBucchianico&P.Kercher(Eds.),Advances in Design 
for In-clusion, AHFE 2017. Advances in Intelligent Systems and Computing(Vol.587).Springer.

MinisteriodeSanidad,PoliticaeInvestigación.(2010).Evaluación de la percepcióm de los pacientes sobre la seguri-
dade de los servicios sanitários- Diseño y validación preliminar.AgenciadeCalidaddelSistemanacionaldeSalud.

MinistryofHealthandSocialServices.(2017).Namibia 2014/2015 Health Accounts report.https://www.afro.who.int/
sites/default/files/2017-10/Namibia%20Health%20Accounts%20Report%202014-2015%20-%20final%202017.09.07.pdf

MinistryofHealthoftheItalianRepublic.(2017).National guidelines on the classification and measurement of posture 
and related dysfunctions.https://www.salute.gov.it/imgs/C_17_pubblicazioni_2717_allegato.pdf

Min,L.,Yoon,W.,Mariano,J.,Wenger,N.S.,Elliott,M.N.,Kamberg,C.,&Saliba,D.(2009).Thevulnerableel-
ders-13surveypredicts5-yearfunctionaldeclineandmortalityoutcomesinolderambulatorycarepatients.Journal of 
the American Geriatrics Society,57(11),2070–2076.doi:10.1111/j.1532-5415.2009.02497.xPMID:19793154

Mira,J.J.,Vitaller,J.,Lorenzo,S.,Royuela,C.,Pérez-Jover,V.,&Aranaz,J.(2012).Pacientescomoinformadoresde
eventosadversos:Resultadosendiabetesyenfermedadrenal.Anales del Sistema Sanitario de Navarra,35(1),19–28.
doi:10.4321/S1137-66272012000100003PMID:22552125

Mitchell,W.K.,Williams,J.,Atherton,P.,Larvin,M.,Lund,J.,&Narici,M.(2012).Sarcopenia, dynapenia, and the 
impact of advancing age on human skeletal muscle size and strength: a quantitative review.doi:10.3389/fphys.2012.00260

Mitchell,R.J.,Harvey,L.A.,Brodaty,H.,Draper,B.,&Close,J.C.(2015).Dementiaandintentionalandunintentional
poisoninginolderpeople:A10yearreviewofhospitalizationrecordsinNewSouthWales,Australia.International 
Psychogeriatrics,27(11),1757–1768.doi:10.1017/S1041610215001258PMID:26239355

317

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.afro.who.int/sites/default/files/2017-10/Namibia%20Health%20Accounts%20Report%202014-2015%20-%20final%202017.09.07.pdf
https://www.afro.who.int/sites/default/files/2017-10/Namibia%20Health%20Accounts%20Report%202014-2015%20-%20final%202017.09.07.pdf
https://www.salute.gov.it/imgs/C_17_pubblicazioni_2717_allegato.pdf


Compilation of References

Montero-Odasso,M.(2018).FallsincognitivelyImpairedOlderAdults:implicationsforRiskAssessmentandPreven-
tion.The American Geriatrics Society,66,367-375.

Montero-Odasso,M.,vanderVelde,N.,&Alexander,N.B.(2021).NewHorizonsinFallsPreventionandManagement
forOlderAdults:AGlobalInitiative.AWorldwideTaskForceDevelopingGlobalClinicalPracticeRecommndations
forthePreventionandManagementofFallsinOlderAdults:TowardsanInternationalConsensus.Age and Ageing.

Moon,Y.,Bishnoi,A.,Sun,R.,Shin,J.C.,&Sosnoff,J.J.(2019).Preliminaryinvestigationofteachingolderadultsthe
tuck-and-rollstrategy:Canolderadultslearntofallwithreducedimpactseverity.Journal of Biomechanics,83,291–297.
doi:10.1016/j.jbiomech.2018.12.002PMID:30553440

Morales-Torres,J.,&Gutierrez-Urena,S.(2004).TheburdenofosteoporosisinLatinAmerica.Osteoporosis Interna-
tional,15(8),625–632.doi:10.100700198-004-1596-3PMID:15292978

Morandotti,M.(2008).Edilizia ospedaliera: dallo spazio al luogo[Hospitalconstruction:fromspacetoplace.].Alinea.

Mordi,J.A.,&Ciuffreda,K.J.(1998).Staticaspectsofaccommodation:Ageandpresbyopia.Vision Research,38(11),
1643–1653.doi:10.1016/S0042-6989(97)00336-2PMID:9747501

Moreland,B.,Kakara,R.,&Henry,A.(2020).Trendsinnonfatalfallsandfall-relatedinjuriesamongadultsaged3
65years—UnitedStates,2012–2018.Morbidity and Mortality Weekly Report,69(27),875–881.doi:10.15585/mmwr.
mm6927a5PMID:32644982

Morena,M.(2014).Strutture socio-assistenziali e residenziali per anziani e disabili[Socialandresidentialfacilitiesfor
theolderadultsandthedisabled].MaggioliEditore.

Morgan,M.T.,Friscia,L.A.,Whitney,S.L.,Furman,J.M.,&Sparto,P.J.(2013).Reliabilityandvalidityof the
fallsefficacyscale-international(FES-I)inindividualswithdizzinessandimbalance.Otology & Neurotology,34(6),
1104–1108.doi:10.1097/MAO.0b013e318281df5dPMID:23542134

Morgan,T.K.,Williamson,M.,Pirotta,M.,Stewart,K.,Myers,S.P.,&Barnes,J.(2012).Anationalcensusofmedi-
cinesuse:A24-hoursnapshotofAustraliansaged50yearsandolder.The Medical Journal of Australia,196(1),50–53.
doi:10.5694/mja11.10698PMID:22256935

Moritani,T.,&DeVries,H.A.(1979).Neuralfactorsversushypertrophyinthetimecourseofmusclestrengthgain.
American Journal of Physical Medicine,58(3),115–130.PMID:453338

Morseth,B.,Emaus,N.,&Jørgensen,L.(2011).Physicalactivityandbone:Theimportanceofthevariousmechanical
stimuliforbonemineraldensity.RE:view,20(2),173–178.

Muchna,A.,Najafi,B.,Wendel,C.S.,Schwenk,M.,Armstrong,D.G.,&Mohler,J.(2018).Footproblemsinolder
adults:Associationswithincidentfalls,frailtysyndrome,andsensor-derivedgait,balance,andphysicalactivitymea-
sures.Journal of the American Podiatric Medical Association,108(2),126–139.doi:10.7547/15-186PMID:28853612

Mühlberg,W.,&Sieber,C.(2004).Sarcopeniaandfrailtyingeriatricpatients:Implicationsfortrainingandprevention.
Zeitschrift für Gerontologie und Geriatrie,37,2–8.doi:10.100700391-004-0203-8PMID:14991289

Muhlenbock, K., & Kokkinakis, J. S. (2010). An Extended Readability Measure. Focus Gothenburg: Proceed-
ings of Corpus Linguistics 2009, 1–9. Disponivel em: http://swepub.kb.se/bib/swepub:oai:services.scigloo.
org:99317?tab2=abs&language=en

Muscaritoli,M.,Krznarić,Z.,Barazzoni,R.,Cederholm,T.,Golay,A.,VanGossum,A.,&....(2016).Effectiveness
andefficacyofnutritionaltherapy-acochranesystematicreview.Clinical Nutrition (Edinburgh, Lothian),36,939–957.
doi:10.1016/j.clnu.2016.06.022PMID:27448948

318

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

http://swepub.kb.se/bib/swepub:oai:services.scigloo.org:99317?tab2=abs&language=en
http://swepub.kb.se/bib/swepub:oai:services.scigloo.org:99317?tab2=abs&language=en


Compilation of References

Musich,S.,Wang,S.S.,Ruiz,J.,Hawkins,K.,&Wicker,E.(2017).Falls-RelatedDrugUseandRiskofFallsAmong
OlderAdults:AStudyinaUSMedicarePopulation.Drugs & Aging,34(7),555–565.doi:10.100740266-017-0470-x
PMID:28580498

Myers,A.H.,Baker,S.P.,VanNatta,M.L.,Abbey,H.,&Robinson,E.G.(1991).Riskfactorsassociatedwithfalls
andinjuriesamongelderlyinstitutionalizedpersons.American Journal of Epidemiology,133(11),1179–1190.https://
doi.org/10.1093/oxfordjournals.aje.a115830

Nagurney,J.T.,Borczuk,P.,&Thomas,S.H.(1998).Elderlypatientswithclosedheadtraumaafterafall:Mechanisms
andoutcomes.The Journal of Emergency Medicine,16(5),709–713.doi:10.1016/S0736-4679(98)00083-3PMID:9752942

Nair,G.,Tanahashi,Y.,Low,H.P.,Billings-Gagliardi,S.,Schwartz,W.J.,&Duong,T.Q.(2005).Myelinationandlong
diffusiontimesalterdiffusion-tensor-imagingcontrastinmyelin-deficientshiverermice.NeuroImage,28(1),165–174.
doi:10.1016/j.neuroimage.2005.05.049PMID:16023870

Nasreddine,Z.S.,Phillips,N.A.,Bédirian,V.,Charbonneau,S.,Whitehead,V.,Collin,I.,Cummings,J.L.,&Chertkow,
H.(2005).TheMontrealCognitiveAssessment,MoCA:Abriefscreeningtoolformildcognitiveimpairment.Journal 
of the American Geriatrics Society,53(4),695–699.https://doi.org/10.1111/j.1532-5415.2005.53221.x

National Center on Accessible Educational Materials. (2021, July 6). http://aem.cast.org/about/publications/2011/
postsecondary-advisory-commission-report.html

NationalInstituteforHealthandCareExcellence.(2013).Fallsinolderpeople:assessingriskandprevention.NICE 
Clinical Guideline,(June),1–33.Retrievedfromhttps://www.nice.org.uk/guidance/cg161/resources/falls-in-older-people-
assessing-risk-and-prevention-35109686728645

NationalInstituteofArthritisandMusculoskeletalandSkinDiseases.(2018).Osteoporosis Overview.Retrieved12
November,2019fromhttps://www.bones.nih.gov/health-info/bone/osteoporosis/overview

NationalPatientSafetyAgency.(2004).Seven steps to Patient Safety a guide for NHS staff.Availableon-linehttps://
www.publichealth.hscni.net/sites/default/files/directorates/files/Seven%20steps%20to%20safety.pdf

Navaratnarajah, A., & Jackson, S. H. (2017). The physiology of ageing. Medicine, 45(1), 6–10. doi:10.1016/j.
mpmed.2016.10.008PMID:28065164

Nawaz,A.,Skjaeret,N.,Ystmark,K.,Helbostad,J.L.,Vereijken,B.,&Svanaes,D.(2014).Assessing Seniors’ User 
Experience (UX) of Exergames for Balance Training.doi:10.1145/2639189.2639235

Nevitt,M.C.,Cummings,S.R.,&Hudes,E.S.(1991).Riskfactorsforinjuriousfalls:Aprospectivestudy.Journal of 
Gerontology,46(5),164–170.doi:10.1093/geronj/46.5.M164PMID:1890282

Ngandu,T.,Lehtisalo,J.,Solomon,A.,Levälahti,E.,Ahtiluoto,S.,Antikainen,R.,Bäckman,L.,Hänninen,T.,Jula,A.,
Laatikainen,T.,Lindström,J.,Mangialasche,F.,Paajanen,T.,Pajala,S.,Peltonen,M.,Rauramaa,R.,Stigsdotter-Neely,
A.,Strandberg,T.,Tuomilehto,J.,...Kivipelto,M.(2015).A2yearmultidomaininterventionofdiet,exercise,cognitive
training,andvascularriskmonitoringversuscontroltopreventcognitivedeclineinat-riskelderlypeople(FINGER):A
randomisedcontrolledtrial.Lancet,385(9984),2255–2263.https://doi.org/10.1016/S0140-6736(15)60461-5

Nghitanwa,E.M.,&Zungu,L.I.(2017).OccupationalaccidentsandinjuriesamongworkersintheKhorixasDistrict
Hospital,Namibia.The Southern African Journal of Epidemiology & Infection,26(2),83–87.doi:10.1080/10158782.
2011.11441430

Nguyen,K.D.,Bagheri,B.,&Bagheri,H.(2018).Drug-inducedboneloss:AmajorsafetyconcerninEurope.Expert 
Opinion on Drug Safety,17(10),1005–1014.

319

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

http://aem.cast.org/about/publications/2011/postsecondary-advisory-commission-report.html
http://aem.cast.org/about/publications/2011/postsecondary-advisory-commission-report.html
https://www.nice.org.uk/guidance/cg161/resources/falls-in-older-people-assessing-risk-and-prevention-35109686728645
https://www.nice.org.uk/guidance/cg161/resources/falls-in-older-people-assessing-risk-and-prevention-35109686728645
https://www.bones.nih.gov/health-info/bone/osteoporosis/overview
https://www.publichealth.hscni.net/sites/default/files/directorates/files/Seven%20steps%20to%20safety.pdf
https://www.publichealth.hscni.net/sites/default/files/directorates/files/Seven%20steps%20to%20safety.pdf


Compilation of References

Nicklett,E.J.,&Taylor,R.J.(2014).Racial/ethnicpredictorsoffallsamongolderadults:Thehealthandretirement
study.Journal of Aging and Health,26(6),1060–1075.doi:10.1177/0898264314541698PMID:25005171

Nieminen,S.(1974).Fractura colli femoris medialis. Hoito ja aikaisen varaamisen vaikutus paranemistuloksiin.Väitöskirja.

Niiranen,P.(2019).Mysteeripotilaan arvoitus ratkeaa vain yhteistyöllä – KYS toi pakohuonepelin osaksi hoitotiimien 
koulutusta.Yle,news9.12.2019.Retrievedfromhttps://yle.fi/uutiset/3-11103134

Nishchyk,A.,Geentjens,W.,Medina,A.,Klein,M.,&Chen,W.(n.d.).An Augmented Reality Game for Helping Elderly 
to Perform Physical Exercises at Home.doi:10.1007/978-3-030-58796-3_28

Nishijima,D.K.,Lin,A.L.,Weiss,R.E.,Yagapen,A.N.,Malveau,S.E.,Adler,D.H.,Bastani,A.,Baugh,C.W.,
Caterino,J.M.,Clark,C.L.,Diercks,D.B.,Hollander,J.E.,Nicks,B.A.,Shah,M.N.,Stiffler,K.A.,Storrow,A.
B.,Wilber,S.T.,&Sun,B.C.(2018).ECGpredictorsofcardiacarrhythmiasinolderadultswithsyncope.Annals of 
Emergency Medicine,71(4),452–461.doi:10.1016/j.annemergmed.2017.11.014PMID:29275946

Nishizawaa,Y.,Miurab,M.,Ichimurac,S.,Inabad,M.,Imanishid,Y.,Shirakie,M.,Takadaf,J.,Chakig,O.,Haginoh,
H.,Fukunagai,M.,Fujiwaraj,S.,Mikik,T.,Yoshimural,N.,&Ohtam,H.(2019).ExecutivesummaryoftheJapanOs-
teoporosisSocietyGuidefortheUseofBoneTurnoverMarkersintheDiagnosisandTreatmentofOsteoporosis(2018
Edition).Clinica Chimica Acta,498,101–107.doi:10.1016/j.cca.2019.08.012PMID:31425674

Nordlandssykehuset. (2021).Beinskjørhet (osteoporose) - Nordlandssykehuset. https://nordlandssykehuset.no/behan-
dlinger/beinskjorhet-osteoporose

Norman,P.,&Bambra,C.(2007).IncapacityorUnemployment?TheUtilityofanAdministrativeDataSourceasan
UpdatableIndicatorofPopulationHealth.Population Space and Place,13(5),333–352.

Nurmi,I.,Narinen,A.,Lüthje,P.,&Tanninen,S.(2003).Costanalysisofhipfracturetreatmentamongelderlyforthe
publichealthservices:A1-yearprospectivestudyin106consecutivepatients.Archives of Orthopaedic and Trauma 
Surgery,123,551–554.doi:10.100700402-003-0583-zPMID:13680273

O’Caoimh,R.,Molloy,D.,Fitzgerald,C.,Velsen,L.,Cabrita,M.,Nassabi,M.,Vette,F.,Weering,M.,Jansen-Kosterink,
S.,Kenter,W.,Frazer,S.,Rauter,A.,Turkman,A.,Antunes,M.,Turkman,F.,Silva,M.,Martins,A.,Costa,H.,Albu-
querque,T.,...Vollenbroek-Hutten,M.(2017).HealthcareRecommendationsfromthePersonalisedICTSupported
ServiceforIndependentLivingandActiveAgeing(PERSSILAA)Study.Proceedings of the 3rd International Conference 
on Information and Communication Technologies for Ageing Well and e-Health (ICT4AWE 2017).

O’Caoimh,R.,Gao,Y.,McGlade,C.,Healy,L.,Gallagher,P.,Timmons,S.,&Molloy,D.W.(2012).Comparisonof
thequickmildcognitiveimpairment(Qmci)screenandtheSMMSEinscreeningformildcognitiveimpairment.Age 
and Ageing,41(5),624–629.https://doi.org/10.1093/ageing/afs059

O’Shea,D.,Lackner,H.K.,Rössler,A.,Green,D.A.,Gauger,P.,Mulder,E.,Tamma,G.,Hinghofer-Szalkay,H.,Val-
enti,G.,&Goswami,N.(2015).Influenceofbedrestonplasmagalaninandadrenomedullinatpresyncope.European 
Journal of Clinical Investigation,45(7),679–685.doi:10.1111/eci.12455PMID:25912957

Oderda,L.H.,Young,J.R.,Asche,C.V.,&Pepper,G.A.(2012).Psychotropic-relatedhipfractures:Meta-analysisof
first-generationandsecond-generationantidepressantandantipsychoticdrugs.The Annals of Pharmacotherapy,46(7-8),
917–928.doi:10.1345/aph.1Q589PMID:22811347

Ogawa,S. (2012).Finding theBOLDeffect inbrain images.NeuroImage,62(2), 608–609. doi:10.1016/j.neuroim-
age.2012.01.091PMID:22309802

320

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://yle.fi/uutiset/3-11103134
https://nordlandssykehuset.no/behandlinger/beinskjorhet-osteoporose
https://nordlandssykehuset.no/behandlinger/beinskjorhet-osteoporose


Compilation of References

Ogawa,S.,Lee,T.M.,Kay,A.R.,&Tank,D.W.(1990).Brainmagneticresonanceimagingwithcontrastdependenton
bloodoxygenation.Proceedings of the National Academy of Sciences of the United States of America,87(24),9868–9872.
doi:10.1073/pnas.87.24.9868PMID:2124706

Olanrewaju,O.,Kelly,S.,Cowan,A.,Brayne,C.,&Lafortune,L.(2016).Physicalactivityincommunitydwellingolder
people:Asystematicreviewofreviewsofinterventionsandcontext.PLoS One,11(12),e0168614.doi:10.1371/journal.
pone.0168614PMID:27997604

OnlineCambridgedictionary.(2021).https://dictionary.cambridge.org/dictionary/english/risk

Ooi,W.L.,Hossain,M.,&Lipsitz,L.A.(2000).Theassociationbetweenorthostatichypotensionandrecurrentfallsinnurs-
inghomeresidents.The American Journal of Medicine,108(2),106–111.https://doi.org/10.1016/s0002-9343(99)00425-8

OPP.(2015).OPapeldosPsicólogosnoEnvelhecimento.Ordem Dos Psicólogos,1–6.

OrganizationforEconomicCo-operationandDevelopment.(2017).Inequalities in Longevity by Education in OECD 
Countries: Insights from new OECD Estimates.OECDPublishing.doi:10.1787/6b64d9cf-

Orriols,L.,Avalos-Fernandez,M.,Moore,N.,Philip,P.,Delorme,B.,Laumon,B.,…LagardeE.(2014).Long-term
chronicdiseasesandcrashresponsibility:arecordlinkagestudy.Accid Anal Prev., 71,137-43.

Oslo-universitetssykehus.(2017).Fallforebygging - Oslo universitetssykehus.https://oslo-universitetssykehus.no/behan-
dlinger/hoftebruddsoperasjon/fallforebygging#hva-oker-risikoen-for-fall

Overend,T.J.,Cunningham,D.A.,Paterson,D.H.,&Lefcoe,M.S.(1992).Thighcompositioninyoungandelderly
mendeterminedbycomputedtomography.Clinical Physiology (Oxford, England),12(6),629–640.doi:10.1111/j.1475-
097X.1992.tb00366.xPMID:1424481

Owsley,C.(2011).Agingandvision.Vision Research,51(13),1610–1622.https://doi.org/10.1016/j.visres.2010.10.020

Padoin,P.G.,Gonçalves,M.P.,Comaru,T.,&Silva,A.M.V.(2010).Análisecomparativaentreidosospraticantes
deexercíciofísicoesedentáriosquantoaoriscodequedas.O.Mundo da Saude,35(2),158–164.doi:10.15343/0104-
7809.20102158164

Padrón-Monedero,A.,Pastor-Barriuso,R.,GarcíaLópez,F.J.,MartínezMartín,P.,&Damián,J.(2020).Fallsand
long-termsurvivalamongolderadultsresidingincarehomes.PLoS One,15(5),e0231618.

Pages,P.,Boncoeur-Martel,M.,Dalymay,F.,Salle,H.,Caire,F.,Mounayer,C.,&Rouchaud,A.(2019).Relevance
of emergencyheadCTscan for fall in the elderlyperson.Journal of Neuroradiology.Advanceonlinepublication.
doi:10.1016/j.neurad.2019.03.004PMID:30951766

Pajala,S.(2012).Iäkkäiden kaatumisten ehkäisy.Opas/Finnishinstituteforhealthandwelfare.16.Retrievedfrom
https://www.julkari.fi/bitstream/handle/10024/79998/THL_Opas_16_verkko.pdf?sequence=1&isAllowed=y

Palumbo,R.(1993).Metaprogettazione per l’edilizia ospedaliera[Metaplanningforhospitalconstruction].BE-MA.

Palvanen,M.,Kannus,P.,Piirtola,M.,Niemi,S.,Parkkari,J.,&Järvinen,M.(2014).EffectivenessoftheChaosFalls
Clinisinpreventingfallsandinjuriesofhome-dwellingolderadults:Arandomisedcontrolledtrial.Injury,45(1),265–271.
doi:10.1016/j.injury.2013.03.010PMID:23579066

Pan,Q.,Zhang,Y.,Long,T.,He,W.,Zhang,S.,Fan,Y.,&Zhou,J.(2018).DiagnosisofVertigoanddizzinesssyndromes
inaneurologicaloutpatientclinic.European Neurology,79(5-6),287–294.

321

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://dictionary.cambridge.org/dictionary/english/risk
https://oslo-universitetssykehus.no/behandlinger/hoftebruddsoperasjon/fallforebygging#hva-oker-risikoen-for-fall
https://oslo-universitetssykehus.no/behandlinger/hoftebruddsoperasjon/fallforebygging#hva-oker-risikoen-for-fall
https://www.julkari.fi/bitstream/handle/10024/79998/THL_Opas_16_verkko.pdf?sequence=1&isAllowed=y


Compilation of References

Paolini,G.,Masotti,D.,Costanzo,A.,Borelli,E.,Chiari,L.,Imbesi,S.,Marchi,M.,&Mincolelli,G.(2017).Human-
centereddesignofasmartwirelesssensornetworkenvironmentenhancedwithmovementanalysissystemandindoor
positioningqualifications.IEEE MTT-S International Microwave Workshop, Series on Advanced Materials and Processes 
for RF and THz Ap-plications (IMWS-AMP).

Parker,S.J.,Strath,S.J.,&Swartz,A.M.(2008).PhysicalActivityMeasurementinOlderAdults:RelationshipsWith
MentalHealth.Journal of Aging and Physical Activity,16(4),369–380.doi:10.1123/japa.16.4.369PMID:19033599

Paterson,R.(2013).Notsorandom:patientcomplaintsand‘frequentflier’doctors.BMJ Qual Saf, 22,525-527.https://
qualitysafety.bmj.com/content/22/7/525.full.pdf+htmldoi:10.1136/bmjqs-2013-001902

Pavy-LeTraon,A.,Heer,M.,Narici,M.V.,Rittweger,J.,&Vernikos,J.(2007).FromspacetoEarth:Advancesinhuman
physiologyfrom20yearsofbedreststudies(1986-2006).European Journal of Applied Physiology,101(2),143–194.
doi:10.100700421-007-0474-zPMID:17661073

Pedersen,M.M.,Bodilsen,A.C.,Petersen,J.,Beyer,N.,Andersen,O.,Lawson-Smith,L.,Kehlet,H.,&Bandholm,
T.(2013).Twenty-four-hourmobilityduringacutehospitalizationinoldermedicalpatients.The Journals of Gerontol-
ogy. Series A, Biological Sciences and Medical Sciences,68(3),319–337.doi:10.1093/gerona/gls165PMID:22972940

PegalisLawgroup,LLC.(2020).https://www.medicalnegligenceny.com/blog/2018/10/understanding-and-preventing-
falls-in-hospitals/(accessedon27November2020).

Perell,K.L.,Nelson,A.,Goldman,R.L.,Luter,S.L.,Prieto-Lewis,N.,&Rubenstein,L.Z.(2001).Fallriskassess-
mentmeasures:Ananalyticreview.The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences,
56(12),761–766.doi:10.1093/gerona/56.12.M761PMID:11723150

Perhonen,M.A.,Franco,F.,Lane,L.D.,Buckey,J.C.,Blomqvist,C.G.,Zerwekh,J.E.,Peshock,R.M.,Weatherall,
P.T.,&Levine,B.D.(2001).Cardiacatrophyafterbedrestandspaceflight.Journal of Applied Physiology,91(2),
645–653.doi:10.1152/jappl.2001.91.2.645PMID:11457776

Perillo,L.,Femminella,B.,Farronato,D.,Baccetti,T.,Contardo,L.,&Perinetti,G.(2011).DomalocclusionandHelkimo
Index35correlatewithbodyposture?Journal of Oral Rehabilitation,38(4),242–252.https://doi.org/10.1111/j.1365-
2842.2010.02156.x

Perillo,L.,Signoriello,G.,Ferro,F.,Baccetti,T.,Masucci,C.,Apicella,D.,Sorrentino,R.,&Gallo,C.(2008).Dental
occlusionandbodypostureingrowingsubjects.Apopulation-basedstudyin12-year-oldItalianadolescents.Int Den-
tistry SA,10(6),46–52.

Perry,V.H.,&Anthony,D.C.(1999).Axondamageandrepairinmultiplesclerosis.Philosophical Transactions of the 
Royal Society of London. Series B, Biological Sciences,354(1390),1641–1647.doi:10.1098/rstb.1999.0509PMID:10603617

Petersen,J.D.,Siersma,V.,Nielsen,C.T.,Vass,M.,&Waldorff,F.B.(2016).DementiaandTrafficAccidents:A
DanishRegister-BasedCohortStudy.JMIR Research Protocols,5(3),e191.doi:10.2196/resprot.6466PMID:27678553

Petersen,N.,Jaekel,P.,Rosenberger,A.,Weber,T.,Scott,J.,Castrucci,F.,Lambrecht,G.,Ploutz-Snyder,L.,Damann,
V.,Kozlovskaya,I.,&Mester,J.(2016).Exerciseinspace:TheEuropeanSpaceAgencyapproachtoin-flightexercise
countermeasuresforlong-durationmissionsonISS.Extreme Physiology & Medicine,5(1),9.doi:10.118613728-016-
0050-4PMID:27489615

Petrovic,D.,deMestral,C.,Bochud,M.,Bartley,M.,Kivimäki,M.,Vineis,P.,...Stringhini,S.(2018).Thecontribu-
tionofhealthbehaviorstosocioeconomicinequalitiesinhealth:Asystematicreview.Preventive Medicine,113,15–31.

322

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://qualitysafety.bmj.com/content/22/7/525.full.pdf+html
https://qualitysafety.bmj.com/content/22/7/525.full.pdf+html
https://www.medicalnegligenceny.com/blog/2018/10/understanding-and-preventing-falls-in-hospitals/
https://www.medicalnegligenceny.com/blog/2018/10/understanding-and-preventing-falls-in-hospitals/


Compilation of References

Pettersen,J.A.,Sathiyamoorthy,G.,Gao,F.Q.,Szilagyi,G.,Nadkarni,N.K.,StGeorge-Hyslop,P.,Rogaeva,E.,&
Black,S.E.(2008).Microbleedtopography,leukoaraiosis,andcognitioninprobableAlzheimerdiseasefromtheSun-
nybrookdementiastudy.Archives of Neurology,65(6),790–795.doi:10.1001/archneur.65.6.790PMID:18541799

Piaget,J.(1972).La formazione del simbolo nel bambino. Imitazione, gioco e sogno. Immagine e rappresentazione
[Symbolformationinchildren.Imitation,playanddream.Imageandrepresentation].LaNuovaItalia.

Piaget,J.,Inhelder,B.,Bovet,M.,Etienne,A.,Frank,F.,Schmid,E.,Taponier,S.,&Vinh-Bang,T.(1974).L’immagine 
mentale nel bambino[Thementalimageinchildren].LaNuovaItalia.

Picetti,D.,Foster,S.,Pangle,A.K.,Schrader,A.,George,M.,Wei,J.Y.,&Azhar,G.(2017).Hydrationhealthliteracy
intheelderly.Nutrition and Healthy Aging,4(3),227–237.doi:10.3233/NHA-170026PMID:29276792

Pickering,G.,Jourdan,D.,&Dubray,C.(2006).AcuteversuschronicpaintreatmentinAlzheimer’sdisease.European 
Journal of Pain (London, England),10(4),379–384.doi:10.1016/j.ejpain.2005.06.010PMID:16087372

Pijnappels,M.,vanderBurg,P.J.,Reeves,N.D.,&vanDieën,J.H.(2008).Identificationofelderlyfallersbymuscle
strengthmeasures.European Journal of Applied Physiology,102(5),585–592.https://doi.org/10.1007/s00421-007-0613-6

Pilotto,A.,&Finbarr,M.(2018).Comprehensive geriatric assessment.Springer.doi:10.1007/978-3-319-62503-4

Pimentel,R.M.,&Scheicher,M.E.(2009).Comparaçãodoriscodequedaemidosossedentárioseativospormeioda
escaladeequilíbriodeBerg.Fisioterapia e Pesquisa,16(1),6–10.doi:10.1590/S1809-29502009000100002

Pina,M.F.,Alves,S.M.,Barbosa,M,&Barros,H.(2008).Hip fractures cluster in space: an epidemiological analysis 
in Portugal.doi:10.100700198-008-0623-1

Pineau,E.,Terdik,J.V.,Moreira,N.L.,&Hundal,P.K.(2014).CreatingAge-FriendlyParks:AnexampleofLondon,
Ontario.Proceedings of Ontario Gerontology Association Conference.

Pisot,R.,Marusic,U.,Biolo,G.,Mazzucco,S.,Lazzer,S.,Grassi,B.,Reggiani,C.,Toniolo,L.,diPrampero,P.E.,
Passaro,A.,Narici,M.,Mohammed,S.,Rittweger,J.,Gasparini,M.,GabrijelčičBlenkuš,M.,&Šimunič,B.(2016).
Greaterlossinmusclemassandfunctionbutsmallermetabolicalterationsinoldercomparedwithyoungermenfollowing
2wkofbedrestandrecovery.Journal of Applied Physiology,120(8),922–929.doi:10.1152/japplphysiol.00858.2015
PMID:26823343

Pisot,R.,Narici,M.V.,Simunic,B.,DeBoer,M.,Seynnes,O.,Jurdana,M.,Biolo,G.,&Mekjavić,I.B.(2008).Whole
musclecontractileparametersandthicknesslossduring35-daybedrest.European Journal of Applied Physiology,104(2),
409–414.doi:10.100700421-008-0698-6PMID:18297302

Podsiadlo,D.,&Richardson,S.(1991).TheTimed“Up&.Journal of the American Geriatrics Society,39(2),142–148.
doi:10.1111/j.1532-5415.1991.tb01616.xPMID:1991946

Polidoulis,I.,Beyene,J.,&Cheung,M.(2012).TheeffectofexerciseonpQCTparametersofbonestructureandstrength
inpostmenopausalwomen--asystematicreviewandmeta-analysisofrandomizedcontrolledtrials.Osteoporosis Inter-
national, 23(1),39–51.doi:10.100700198-011-1734-7

Polit,D.,&Beck,C.(2006).EssentialsofNursingReserarch:Methods,Appraisal,andUtilization(6thed.,Vol.1).
Lippincott,Williams,&Wilkins.Disponivelemhttp://journals.rcni.com/doi/abs/10.7748/nr.13.4.91.s11

Preiser,W.F.E.(2007).IntegratingtheSevenPrinciplesofUniversalDesignintoPlanningPractice.InUniversalDesign
andVisitability.TheJohnGlennSchoolofPublicAffairs.

323

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

http://journals.rcni.com/doi/abs/10.7748/nr.13.4.91.s11


Compilation of References

Prince,M.J.,Wu,F.,Guo,Y.,Robledo,L.M.G.,O’Donnell,M.,Sullivan,R.,&Yusuf,S.(2015).Theburdenofdisease
inolderpeopleandimplicationsforhealthpolicyandpractice.Lancet,385(9967),549–562.

ProFound.(2015).Prevention of Falls Network for Dissemination.ProFouND.

Punda.M.,Grazio,S.(2014).Denzitometrijaskeleta--zlatnistandardzadijagnozuosteoporoze[Bonedensitometry--the
goldstandardfordiagnosisofosteoporosis].Reumatizam, 61(2),70-4.

Pun,V.C.,Manjourides,J.,&Suh,H.H.(2018).Associationofneighborhoodgreennesswithself-perceivedstress,
depressionandanxietysymptomsinolderUSadults.Environmental Health,17(1),1–11.

Quan,H.,Li,B.,Couris,C.M.,Fushimi,K.,Graham,P.,Hider,P.,Januel,J.-M.,&Sundararajan,V.(2011).Updating
andvalidatingthecharlsoncomorbidityindexandscoreforriskadjustmentinhospitaldischargeabstractsusingdata
from6countries.American Journal of Epidemiology,173(6),676–682.doi:10.1093/aje/kwq433PMID:21330339

Rajagopalan,R.,Litvan,I.,&Jung,T.P.(2017).FallPredictionandPreventionSystems:RecentTrends,Challenges,
andFutureResearchDirections.Sensors (Basel),17(11),2509.doi:10.339017112509PMID:29104256

Raj,I.S.,Bird,S.R.,&Shield,A.J.(2010).Agingandtheforce-velocityrelationshipofmuscles.Experimental Ger-
ontology,45(2),81–90.Advanceonlinepublication.doi:10.1016/j.exger.2009.10.013PMID:19883746

Ramalho,F.,Santos-Rocha,R.,Branco,M.,Moniz-Pereira,V.,André,H.I.,Veloso,A.P.,&Carnide,F.(2018).Effect
of6-monthcommunity-basedexercise interventionsongaitand functional fitnessofanolderpopulation:Aquasi-
experimentalstudy.Clinical Interventions in Aging,13,595–606.doi:10.2147/CIA.S157224PMID:29670343

Ramirez-campillo,R.,Castillo,A.,De,C.I.,&Campos-jara,C.(2018).High-Speed Resistance Training is More Ef-
fective than Low-Speed Resistance Training to Increase Functional Capacity and Muscle Performance in Older Women 
High-speed resistance training is more effective than low-speed resistance training to increase funct.doi:10.1016/j.
exger.2014.07.001

Rapp,K.,Becker,C.,Cameron,I.D.,König,H.H.,&Büchele,G.(2012).Epidemiologyoffallsinresidentialagedcare:
analysisofmorethan70,000fallsfromresidentsofbavariannursinghomes.Journal of American Medical Directors 
Association, 13(187),e1–6.

Rapp,K.,Becker,C.,Cameron,I.D.,König,H.H.,&Büchele,G.(2012).Epidemiologyoffallsinresidentialaged
care:Analysisofmorethan70,000fallsfromresidentsofBavariannursinghomes.Journal of the American Medical 
Directors Association,13(2),187.e1–187.e6.doi:10.1016/j.jamda.2011.06.011PMID:21816682

Ray,N.F.,Chan,J.K.,Thamer,M.,&Melton,L.III.(1997).Medicalexpendituresforthetreatmentofosteoporotic
fracturesintheUnitedStatesin1995:ReportfromtheNationalOsteoporosisFoundation.Journal of Bone and Mineral 
Research,12(1),24–35.doi:10.1359/jbmr.1997.12.1.24PMID:9240722

Rea,I.M.(2017).Towardsageingwell:Useitorloseit:Exercise,epigeneticsandcognition.Biogerontology,18(4),
679–691.

Rebelatto,J.R.,deCastro,A.P.,&Chan,A.(2007).Quedasemidososinstitucionalizados:Característicasgerais,fatores
determinanteserelaçõescomaforçadepreensãomanual.Acta Ortopedica Brasileira,15(3),151–154.doi:10.1590/
S1413-78522007000300006

Reeve,E.,Shakib,S.,Hendrix,I.,Roberts,M.S.,&Wiese,M.D.(2014).Reviewofdeprescribingprocessesanddevel-
opmentofanevidence-based,patient-centreddeprescribingprocess.British Journal of Clinical Pharmacology,78(4),
738–747.doi:10.1111/bcp.12386PMID:24661192

324

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Reeve,E.,To,J.,Hendrix,I.,Shakib,S.,Roberts,M.S.,&Wiese,M.D.(2013).PatientBarrierstoandEnablersof
Deprescribing:ASystematicReview.Drugs & Aging,30(10),793–807.doi:10.100740266-013-0106-8PMID:23912674

Reeves,S.(2016).Whyweneedinterprofessionaleducationtoimprovethedeliveryofsafeandeffectivecare.Interface 
(Botucatu),20(56),185–196.doi:10.1590/1807-57622014.0092

Reginster,J.Y.,&Burlet,N.(2006).Osteoporosis:Astillincreasingprevalence.Bone,38(2,Suppl1),S4–S9.doi:10.1016/j.
bone.2005.11.024PMID:16455317

RemorBitencourt,E.(2006).PsychometricPropertiesofaEuropeanSpanishVersionPsychometricPropertiesofaEuropean
SpanishVersion.The Spanish Journal of Psychology,9(1),86–93.doi:10.1017/S1138741600006004PMID:16673626

Ribeiro,A.(2018).Abordagem Multidimensional da Segurança do Doente nas Instituições de Saúde do Sector Público 
da Região do Algarve – Portugal(Tesisdoctoral).EscuelaInternacionaldeDoctorado.UniversidaddeMurcia.

Ribeiro,A.P.,Souza,E.R.De,Atie,S.,Souza,A.C.De,&Schilithz,A.O.(2008).A influência das quedas na quali-
dade de vida de idosos[Theinfluenceoffallsonthequalityoflifeoftheaged].AcademicPress.

Rice,J.B.,White,A.G.,Scarpati,L.M.,Wan,G.,&Nelson,W.W.(2017).Long-termsystemiccorticosteroidexposure:
Asystematicliteraturereview.Clinical Therapeutics,39(11),2216–2229.

Riebe,D.,Ehrman,J.,Liguon,G.,&Magal,M.(2018).ACSM’s guidelines for exercise testing prescription.Wolters
Kluwer-LippincottWilliams&Wilkins.

Rieu,D.,Bachoud-Lévi,A.-C.,Laurent,A.,Jurion,E.,&DallaBarba,G.(2006).Adaptationfrançaisedu«Hopkins
verballearningtest».Revue Neurologique,162(6–7),721–728.doi:10.1016/S0035-3787(06)75069-XPMID:16840980

Rikli,R.E.,&Jones,C.J.(2013a).Developmentandvalidationofcriterion-referencedclinicallyrelevantfitnessstan-
dards formaintainingphysical independence in lateryears.The Gerontologist,53(2),255–267.doi:10.1093/geront/
gns071PMID:22613940

Rikli,R.E.,&Jones,C.J.(2013b).Senior Fitness Test Manual(2nded.).HumanKinects.

Rinne,T.,Bronstein,A.M.,Rudge,P.,Gresty,M.A.,&Luxon,L.M.(1998).Bilaterallossofvestibularfunction:Clini-
calfindingsin53patients.Journal of Neurology,245(6-7),314–321.https://doi.org/10.1007/s004150050225

Riskiyana,R.,Claramita,M.,&Rahayu,G.R.(2018).Objectivelymeasuredinterprofessionaleducationoutcomeand
factors thatenhanceprogrameffectiveness:Asystematicreview.Nurse Education Today,66,73–78.doi:10.1016/j.
nedt.2018.04.014PMID:29684835

Rittweger,J.,Simunic,B.,Bilancio,G.,DeSanto,N.G.,Cirillo,M.,&Biolo,G.(2009).Bonelossinthelowerleg
during 35 days of bed rest is predominantly from the cortical compartment. Bone, 44(4), 612–618. doi:10.1016/j.
bone.2009.01.001PMID:19168165

Rodriguez-lopez,C.,Alcazar,J.,Losa-reyna,J.,Martin-espinosa,N.M.,Baltasar-fernandez,I.,Ara,I.,…Alegre,L.
M.(2021).Effects of Power-Oriented Resistance Training With Heavy vs . Light Loads on Muscle-Tendon Function in 
Older Adults : A Study Protocol for a Randomized Controlled Trial.doi:10.3389/fphys.2021.635094

Rohacek,M.,Albrecht,M.,Kleim,B.,Zimmermann,H.,&Exadaktylos,A.(2012).Reasonsfororderingcomputedto-
mographyscansoftheheadinpatientswithminorbraininjury.Injury,43(9),1415–1418.doi:10.1016/j.injury.2012.01.001
PMID:22277106

325

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Roller-Wirnsberger,R.,Thurner,B.,Pucher,C.,Lindner,S.,&Wirnsberger,G.H.(2020).Theclinicalandtherapeutic
challengeoftreatingolderpatientsinclinicalpractice.British Journal of Clinical Pharmacology,86(10),1904–1911.
https://doi.org/10.1111/bcp.14074

Romano,A.,&Romano,R.(2020).GasExchangeandControlofBreathinginElderlyandEnd-of-LifeDiseases.In
Ventilatory Support and Oxygen Therapy in Elder, Palliative and End-of-Life Care Patients(pp.15–20).Springer.

Roosendaal,S.D.,Geurts,J.J.G.,Vrenken,H.,Hulst,H.E.,Cover,K.S.,Castelijns,J.,Pouwels,P.,&Barkhof,F.
(2009).RegionalDTIdifferencesinmultiplesclerosispatients.NeuroImage,44(4),1397–1403.doi:10.1016/j.neuroim-
age.2008.10.026PMID:19027076

Rosano,C.,Aizenstein,H.J.,Studenski,S.,&Newman,A.B.(2007).Aregions-of-interestvolumetricanalysisof
mobilitylimitationsincommunity-dwellingolderadults.The Journals of Gerontology. Series A, Biological Sciences 
and Medical Sciences,62(9),1048–1055.doi:10.1093/gerona/62.9.1048PMID:17895446

Rosano,C.,Aizenstein,H.,Brach,J.,Longenberger,A.,Studenski,S.,&Newman,A.B.(2008).Specialarticle:Gait
measuresindicateunderlyingfocalgraymatteratrophyinthebrainofolderadults.The Journals of Gerontology. Series 
A, Biological Sciences and Medical Sciences,63(12),1380–1388.doi:10.1093/gerona/63.12.1380PMID:19126852

Rosano,C.,Studenski,S.A.,Aizenstein,H.J.,Boudreau,R.M.,Longstreth,W.T.Jr,&Newman,A.B.(2012).Slower
gait,slowerinformationprocessingandsmallerprefrontalareainolderadults.Age and Ageing,41(1),58–64.doi:10.1093/
ageing/afr113PMID:21965414

Rosenberg,I.(1989).Summarycomments.Surgical Oncology,19(2),61.doi:10.1016/j.suronc.2010.04.001

Rosenberg,M.(1965).Society and the Adolescent Self-Image.PrincetonUniversityPress.doi:10.1515/9781400876136

Roudsari,B.,Psoter,K.J.,Fine,G.C.,&Jarvik,J.G.(2012).Falls,olderadults,andthetrendinutilizationofCTina
levelItraumacenter.AJR,198(5),985–991.doi:10.2214/AJR.11.6976PMID:22528886

Roversi,R.,Cumo,F.,Cinquepalmi,F.,&Pennacchia,E.(2018).Lenuoveformediresidenzialitàassistitanelrecupero
dell’ediliziaesistente[Newformsofassistedlivingintherenovationofexistingbuildings].InAbitazioniSicureeIn-
clusiveperAnziani[SafeandInclusiveHousingfortheOlderAdults].Anteferma.

Rowles,G.D.(1981).Thesurveillancezoneasmeaningfulspacefor theaged.The Gerontologist,21(3),304–311.
https://doi.org/10.1093/geront/21.3.304

RoyalCollegeofPhysicians.(2009).National Audit of the Organisation of Services for Falls and Bone Health of Older 
People. National Falls and Bone Health Audit Report.RCP.

Røyset,B.,Talseth-Palmer,B.A.,Lydersen,S.,&Farup,P.G.(2019).Effectsofafallpreventionprograminelderly:A
pragmaticobservationalstudyintwoorthopedicdepartments.Clinical Interventions in Aging,14,145–154.doi:10.2147/
CIA.S191832PMID:30697039

Rubenstein,L.Z.(2006).Fallsinolderpeople:Epidemiology,riskfactorsandstrategiesforprevention.Age and Ageing,
35(Suppl2),ii37–ii41.https://doi.org/10.1093/ageing/afl084

Rubiño,J.A.,Gamundí,A.,Akaarir,M.,Canellas,F.,Rial,R.,&Nicolau,M.C.(2020).BrightLightTherapyand
CircadianCyclesinInstitutionalizedElders.Frontiers in Neuroscience,14.

Ryynänen,O.P.(1993).Incidenceandriskfactorsforfallinginjuriesamongtheelderly.Doctoraltheses.UniversityofOulu.

Ryynänen,O.,Kivelä,S.,Honkanen,R.,Laippala,P.&Soini,P.(1991).Incidenceoffallinginjuriesleadingtomedical
treatmentintheelderly.Public Health, 105(5),373–386.

326

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Saftari,L.N.,&Kwon,O.S.(2018).Ageingvisionandfalls:Areview.Journal of Physiological Anthropology,37(1),
1–14.

Sakaguchi,K.,Mehta,N.R.,Abdallah,E.F.,Forgione,A.G.,Hirayama,H.,Kawasaki,T.,&Yokoyama,A.(2007).
Examinationoftherelationshipbetweenmandibularpositionandbodyposture.Cranio,25(4),237–249.https://doi.
org/10.1179/crn.2007.037

Salminen,A.(2020).Activationofimmunosuppressivenetworkintheagingprocess.Ageing Research Reviews,57,
100998.Advanceonlinepublication.doi:10.1016/j.arr.2019.100998PMID:31838128

Salzman,B.(2011).Gaitandbalancedisordersinolderadults.American Family Physician,82(1),61–68.PMID:20590073

Sander,O.,Schmidt,R.,Rehkämper,G.,Lögters,T.,Zilkens,C.&Schneider,M.(2016).Interprofessionaleducation
aspartofbecomingadoctororphysiotherapistinacompetency-basedcurriculum.GMS Journal Medical Education, 
33(2),Doc15.

Santos,C.I.R.R.(2010).Os custos das fracturas de etiologia osteoporótica em mulheres: Institucionalização na Rede 
Nacional de Cuidados Continuados (RNCCI) e Lares de 3ª idade.EscolaNacionaldeSaúdePública.Universidade
NovadeLisboa.

Saraiva,D.(2008).Quedas-indicadordequalidadeassistencial.Nursing,18(235),28–35.

Sardinha,L.B.,Santos,D.A.,Silva,A.M.,Coelho-e-Silva,M.J.,Raimundo,A.M.,Moreira,H.,Santos,R.,Vale,S.,
Baptista,F.,&Mota,J.(2012).PrevalenceofOverweight,Obesity,andAbdominalObesityinaRepresentativeSample
ofPortugueseAdults.PLoS One,7(10),e47883.doi:10.1371/journal.pone.0047883PMID:23118905

Sari,R.K.,Sutiadiningsih,A.,Zaini,H.,Meisarah,F.,&Hubur,A.A.(2020).Factorsaffectingcognitiveintelligence
theory.Journal of Critical Reviews,7(17),402–410.

Saunders,J.,Smith,T.,&Stroud,M.(2015).Malnutritionandundernutrition.Medicine,42(2),112–118.doi:10.1016/j.
mpmed.2014.11.015

Sawan,M.,Reeve,E.,Turner,J.,Todd,A.,Steinman,M.A.,Petrovic,M.,&Gnjidic,D.(2020).Asystemsapproach
to identifying thechallengesof implementingdeprescribing inolderadultsacrossdifferenthealth-caresettingsand
countries:Anarrativereview.Expert Review of Clinical Pharmacology,13(3),233–245.doi:10.1080/17512433.2020
.1730812PMID:32056451

Scarcella,M.,Guerrini,G.,Ramponi,J.,&Trabucchi,M.(2014).Manuale di igiene e organizzazione sanitaria delle 
residenze sanitarie assistenziali[Handbookonhygieneandhealthorganisationinnursinghomes].MaggioliEditore.

Schapmire,T.J.,Head,B.A.,Nash,W.A.,Yankeelov,P.A.,Furman,C.D.,Wright,R.B.,...Faul,A.C.(2018).Over-
comingbarrierstointerprofessionaleducationingerontology:Theinterprofessionalcurriculumforthecareofolder
adults.Advances in Medical Education and Practice,9,109.

Scherder,E.J.,&Bouma,A.(1997).IsdecreaseduseofanalgesicsinAlzheimerdiseaseduetoachangeintheaffective
componentofpain?Alzheimer Disease and Associated Disorders,11(3),171–174.doi:10.1097/00002093-199709000-
00010PMID:9305503

Scherer,R.,Maroto-Sánchez,B.,Palacios,G.,&González-Gross,M.(2016).Fluidintakeandrecommendationsinolder
adults:Moredataareneeded.Nutrition Bulletin,41(2),167–174.doi:10.1111/nbu.12206

Schneider,S.M.,Lee,S.M.C.,Macias,B.M.,Watenpaugh,D.E.,&Hargens,A.R.(2009).WISE-2005:Exerciseand
nutritioncountermeasuresforuprightVO2pkduringbedrest.Medicine and Science in Sports and Exercise,41(12),
2165–2176.doi:10.1249/MSS.0b013e3181aa04e5PMID:19915502

327

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Schrecker,T.,&Bambra,C.(2015).How Politics Makes Us Sick: Neoliberal Epidemics.PalgraveMacmillan.

Schwenk,M.,Bergquist,R.,Boulton,E.,VanAncum,J.M.,Nerz,C.,Weber,M.,Barz,C.,Jonkman,N.H.,Taraldsen,
K.,Helbostad,J.L.,Vereijken,B.,Pijnappels,M.,Maier,A.B.,Zhang,W.,Becker,C.,Todd,C.,Clemson,L.,&Hawley-
Hague,H.(2019).Theadaptedlifestyle-integratedfunctionalexerciseprogramforpreventingfunctionaldeclineinyoung
seniors:Developmentandinitialevaluation.Gerontology,65(4),362–374.doi:10.1159/000499962PMID:31112941

Sciomer,S.,Moscucci,F.,Maffei,S.,Gallina,S.,&Mattioli,A.V.(2019).Preventionofcardiovascularriskfactorsin
women:Thelifestyleparadoxandstereotypesweneedtodefeat.European Journal of Preventive Cardiology,26(6),
609–610.

Scott,J.C.(1990).Osteoporosisandhipfractures.Rheumatic Diseases Clinics of North America,16,717–740.

Seidler,R.D.,Bernard,J.A.,Burutolu,T.B.,Fling,B.W.,Gordon,M.T.,Gwin,J.T.,Kwak,Y.,&Lipps,D.B.(2010).
Motorcontrolandaging:Linkstoage-relatedbrainstructural,functional,andbiochemicaleffects.Neuroscience and 
Biobehavioral Reviews,34(5),721–733.doi:10.1016/j.neubiorev.2009.10.005PMID:19850077

Seixas,M.B.,Almeida,L.B.,Trevizan,P.F.,Martinez,D.G.,Laterza,M.C.,Vanderlei,L.C.M.,&Silva,L.P.(2020).
Effectsofinspiratorymuscletraininginolderadults.Respiratory Care,65(4),535–544.

Selb,M.,Escorpizo,R.,Kostanjsek,N.,Stucki,G.,Üstün,B.,&Cieza,A.(2015).AguideonhowtodevelopanInter-
nationalClassificationofFunctioning,DisabilityandHealthCoreSet.European Journal of Physical and Rehabilitation 
Medicine,51(1),105–117.PMID:24686893

Sengoku,R.(2020).AgingandAlzheimer’sdiseasepathology.Neuropathology,40(1),22–29.

Seppala,L.J.,vandeGlind,E.M.M.,&Daams,J.G.(2018).Fall-Risk-IncreasingDrugs:ASystematicReviewand
Meta-analysis:III.Others.J Am Med Dir Assoc., 19(372),e1-e8.

Seppala,L.J.,Wermelink,A.,&deVries,M. (2018).Fall-Risk-IncreasingDrugs:ASystematicReviewandMeta-
Analysis:II.Psychotropics.J Am Med Dir Assoc., 19(371),e11-e17.

Seppala,L.J.,Petrovic,M.,&Ryg,J.(2020).STOPPFall(ScreeningToolofOlderPersonsPrescriptionsinolderadults
withhighfallrisk):ADelphistudybytheEuGMSTaskandFinishGrouponFall-Risk-IncreasingDrugs.Age and Age-
ing.PMID:33349863

Seppala,L.J.,vanderVelde,N.,Masud,T.,Blain,H.,Petrovic,M.,vanderCammen,T.J.,Szczerbińska,K.,Hartikainen,
S.,Kenny,R.A.,Ryg,J.,Eklund,P.,Topinková,E.,Mair,A.,Laflamme,L.,Thaler,H.,Bahat,G.,Gutiérrez-Valencia,
M.,Caballero-Mora,M.A.,Landi,F.,...Ziere,G.(2019).EuGMSTaskandFinishgrouponFall-Risk-IncreasingDrugs
(FRIDs):PositiononKnowledgeDissemination,Management,andFutureResearch.Drugs & Aging,36(4),299–307.
doi:10.100740266-018-0622-7PMID:30741371

Seppälä,L.,vandeGlind,E.M.M.,Daams,J.G.,Ploegmakers,K.J.,deVries,M.,Wermelink,A.M.A.T.,vander
Velde,N.,Blain,H.,Bousquet,J.,Bucht,G.,Caballero-Mora,M.A.,vanderCammen,T.,Eklund,P.,Emmelot-Vonk,
M.,Gustafson,Y.,Hartikainen,S.,Kenny,R.A.,Laflamme,L.,Landi,F.,...vanderVelde,N.(2018b,April).Fall-
Risk-IncreasingDrugs:ASystematicReviewandMeta-Analysis:III.Others.Journal of the American Medical Directors 
Association,19(4),372.e1–372.e8.doi:10.1016/j.jamda.2017.12.099PMID:29402646

Seppälä,L.,Wermelink,A.M.A.T.,deVries,M.,Ploegmakers,K.J.,vandeGlind,E.M.M.,Daams,J.G.,vander
Velde,N.,Blain,H.,Bousquet,J.,Bucht,G.,Caballero-Mora,M.A.,vanderCammen,T.,Eklund,P.,Emmelot-Vonk,M.,
Gustafson,Y.,Hartikainen,S.,Kenny,R.A.,Laflamme,L.,Landi,F.,...vanderVelde,N.(2018a).Fall-Risk-Increasing
Drugs:ASystematicReviewandMeta-Analysis:II.Psychotropics.Journal of the American Medical Directors Associa-
tion,19(4),371.e11–371.e17.doi:10.1016/j.jamda.2017.12.098PMID:29402652

328

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Sharma,P.,Sharma,A.,Fayaz,F.,Wakode,S.,&Pottoo,F.H.(2020).BiologicalSignaturesofAlzheimer’sDisease.
Current Topics in Medicinal Chemistry,20(9),770–781.

Shaver,A.L.,Clark,C.M.,Hejna,M.,Feuerstein,S.,Wahler,R.G.Jr,&Jacobs,D.M.(2021).Trendsinfall-related
mortalityandfallriskincreasingdrugsamongolderindividualsintheUnitedStates,1999-2017.Pharmacoepidemiology 
and Drug Safety,30(8),1049–1056.doi:10.1002/pds.5201PMID:33534172

Shaw,M.(2004).Housingandpublichealth.Annual Review of Public Health,25,397–418.

Shega,J.W.,Ersek,M.,Herr,K.,Paice,J.A.,Rockwood,K.,Weiner,D.K.,&Dale,W.(2010).Themultidimensional
experienceofnoncancerpain:Doescognitivestatusmatter?Pain Medicine,11(11),1680–1687.doi:10.1111/j.1526-
4637.2010.00987.xPMID:21044258

Sheldon,A.F.(1911).The Art of Selling.TheSheldonSchool.

Shepard,N.T.,&Solomon,D.(2000).Functionaloperationofthebalancesystemindailyactivities.Otolaryngologic 
Clinics of North America,33(3),455–469.https://doi.org/10.1016/s0030-6665(05)70220-6

Sheridan,P.M.,&Hausdorff, J.M. (2007).Theroleofhigher-levelcognitivefunction ingait:Executivedysfunc-
tion contributes to fall risk in Alzheimer’s disease. Dementia and Geriatric Cognitive Disorders, 24(2), 125–137.
doi:10.1159/000105126PMID:17622760

Sherrington,C.,Fairhall,N.J.,Wallbank,G.K.,Tiedemann,A.,Michaleff,Z.A.,Howard,K.,Clemson,L.,Hopewell,
S.,&Lamb,S.E.(2019).Exerciseforpreventingfallsinolderpeoplelivinginthecommunity.Cochrane Database of 
Systematic Reviews,2019(1),10–13.doi:10.1002/14651858.CD012424.pub2PMID:30703272

Sherrington,C.,Michaleff,Z.A.,Fairhall,N.,Paul,S.S.,Tiedemann,A.,Whitney,J.,Cumming,R.G.,Herbert,R.D.,
Close,J.C.T.,&Lord,S.R.(2017).Exercisetopreventfallsinolderadults:Anupdatedsystematicreviewandmeta-
analysis.British Journal of Sports Medicine,51(24),1749–1757.doi:10.1136/bjsports-2016-096547PMID:27707740

Silva,C.,Rodrigues,E.,Natal,A.,&Lima,L.(2014).Physicalactivityeffectsonbonemineraldensityofhealthywomen
inpre-menopause.Medicina (Ribeirão Preto) 2014, 47(2),120-30.

Silva,W.F.,Rica,R.L.,Ramalho,B.,Machado,A.F.,Ceschini,F.,Pontes,F.L.Junior,...Bocalini,D.S.(2016).
FallDeterminantsandAssociatedFactors inOlderPeople. International Journal of Sports Science,6(4),146–152.
doi:10.5923/j.sports.20160604.03

Silvestrini-Biavati,A.,Migliorati,M.,Demarziani,E.,Tecco,S.,Silvestrini-Biavati,P.,Polimeni,A.,&Saccucci,M.
(2013).Clinicalassociationbetweenteethmalocclusions,wrongpostureandocularconvergencedisorders:Anepide-
miologicalinvestigationonprimaryschoolchildren.BMC Pediatrics,13,12.https://doi.org/10.1186/1471-2431-13-12

Singam,N.S.V.,Fine,C.,&Fleg,J.L.(2020).Cardiacchangesassociatedwithvascularaging.Clinical Cardiology,
43(2),92–98.

Singer,C.(2018).Healtheffectsofsocialisolationandloneliness.Journal of Aging Life Care,28(1),4–8.

Singh,H.,Graber,M.L.,&Hofer,T.P.(2019,December).MeasurestoImproveDiagnosticSafetyinClinicalPrac-
tice. Journal of Patient Safety, 15(4), 311–316. Advance online publication. doi:10.1097/PTS.0000000000000338
PMID:27768655

Singh,M.,Alexander,K.,Roger,V.L.,Rihal,C.S.,Whitson,H.E.,Lerman,A.,Jahangir,A.,&Nair,K.S.(2008).Frailty
anditspotentialrelevancetocardiovascularcare.Mayo Clinic Proceedings,83(10),1146–1153.doi:10.4065/83.10.1146
PMID:18828975

329

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Skinner,M.W.,Andrews,G.J.,&Cutchin,M.P.(Eds.).(2017).Geographical gerontology: Perspectives, concepts, 
approaches.Routledge.

Skjæret-Maroni,N.,Vonstad,E.K.,Ihlen,E.A.F.,Tan,X.-C.,Helbostad,J.L.,&Vereijken,B.(2016).Exergaming
inOlderAdults:MovementCharacteristicsWhilePlayingSteppingGames.Frontiers in Psychology,7(JUN),964.
doi:10.3389/fpsyg.2016.00964PMID:27445926

Smebye,K.L.,Granum,S.,Wyller,T.B.,&Mellingsæter,M.(2014).Medical findings inan interdisciplinaryge-
riatricoutpatientclinicspecialisinginfalls.Tidsskrift for Den Norske Lægeforening,134(7),705–709.doi:10.4045/
tidsskr.13.1287PMID:24721857

Smith,J.,&Gerstorf,D.(2006).Ageingdifferently:potentialandlimits.InS.Daatland&S.Biggs(Eds.),Ageing and 
diversity: Multiple pathways and cultural migrations.PolicyPress.

Smith,S.M.,Heer,M.A.,Shackelford,L.C.,Sibonga,J.D.,Ploutz-Snyder,L.,&Zwart,S.R.(2012).Benefitsfor
bonefromresistanceexerciseandnutritioninlong-durationspaceflight:Evidencefrombiochemistryanddensitometry.
Journal of Bone and Mineral Research,27(9),1896–1906.doi:10.1002/jbmr.1647PMID:22549960

Snaith,R.P.,&Zigmond,A.S.(1983).Thehospitalanxietyanddepressionscale.Acta Psychiatrica Scandinavica.
PMID:6880820

Snir,J.A.,Bartha,R.,&Montero-Odasso,M.(2019).Whitematterintegrityisassociatedwithgaitimpairmentandfalls
inmildcognitiveimpairment.Resultsfromthegaitandbrainstudy.NeuroImage. Clinical,24,101975.doi:10.1016/j.
nicl.2019.101975PMID:31421507

Soares,J.M.,Magalhães,R.,Moreira,P.S.,Sousa,A.,Ganz,E.,Sampaio,A.,Alves,V.,Marques,P.,&Sousa,N.(2016).
AHitchhiker’sGuidetoFunctionalMagneticResonanceImaging.Frontiers in Neuroscience,10,515.doi:10.3389/
fnins.2016.00515PMID:27891073

Soavi,C.,Marusic,U.,Sanz,J.M.,Morieri,M.L.,DallaNora,E.,Simunic,B.,Pišot,R.,Zuliani,G.,&Passaro,A.
(2016).Age-relateddifferencesinplasmaBDNFlevelsafterprolongedbedrest.Journal of Applied Physiology,120(10),
1118–1123.doi:10.1152/japplphysiol.01111.2015PMID:26940658

Solana,J.,Cáceres,C.,García-Molina,A.,Opisso,E.,Roig,T.,Tormos,J.M.,&Gómez,E.J.(2015).Improvingbrain
injurycognitiverehabilitationbypersonalizedtelerehabilitationservices:Guttmannneuropersonaltrainer.IEEE Journal 
of Biomedical and Health Informatics,19(1),124–131.https://doi.org/10.1109/JBHI.2014.2354537

Solonen,K.A.(1955).Onthetreatmentofpertrochantericfemurfractureswithactivemovementtherapy.Acta Ortho-
paedica Scandinavica,24(1-4),310–322.doi:10.3109/17453675408988573PMID:14398200

Sørlandetsykehus.(2020).Beinskjørhet - Beintetthetsmåling, Ortopedisk avdeling Arendal - Sørlandet sykehus.https://
sshf.no/behandlinger/beinskjorhet-beintetthetsmaling-

Sosnoff,J.J.,Moon,Y.,Wajda,D.A.,Finlayson,M.L.,McAuley,E.,Peterson,E.W.,Morrison,S.,&Motl,R.W.
(2015).Fallriskandincidencereductioninhighriskindividualswithmultiplesclerosis:Apilotrandomizedcontrol
trial.Clinical Rehabilitation,29(10),952–960.doi:10.1177/0269215514564899PMID:25540170

Sözen,T.,Özışık,L.,&Başaran,N.(2017).Anoverviewandmanagementofosteoporosis.European Journal of Rheu-
matology,4(1),46–56.doi:10.5152/eurjrheum.2016.048PMID:28293453

330

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://sshf.no/behandlinger/beinskjorhet-beintetthetsmaling-
https://sshf.no/behandlinger/beinskjorhet-beintetthetsmaling-


Compilation of References

Sperling,R.A.,Aisen,P.S.,Beckett,L.A.,Bennett,D.A.,&Fagan,A.M.(2011).Towarddefiningthepreclinicalstages
ofAlzheimer’sdisease:RecommendationsfromtheNationalInstituteonAging-Alzheimer’sAssociationworkgroupson
diagnosticguidelinesforAlzheimer’sdisease.Alzheimer’s & Dementia,7(3),280–292.doi:10.1016/j.jalz.2011.03.003
PMID:21514248

Spink,M.J.,Menz,H.B.,Fotoohabadi,M.R.,Wee,E.,Landorf,K.B.,Hill,K.D.,&Lord,S.R.(2011).Effectiveness
ofamultifacetedpodiatryinterventiontopreventfallsincommunitydwellingolderpeoplewithdisablingfootpain:
randomisedcontrolledtrial.BMJ(ClinicalResearchEd.),342.doi:10.1136/bmj.d3411

Srikanth,V.,Beare,R.,Blizzard,L.,Phan,T.,Stapleton,J.,Chen,J.,Callisaya,M.,Martin,K.,&Reutens,D.(2009).
Cerebralwhitematterlesions,gait,andtheriskofincidentfalls:Aprospectivepopulation-basedstudy.Stroke,40(1),
175–180.doi:10.1161/STROKEAHA.108.524355PMID:18927448

St.ElmoLewis,E.(1903).Catch-LineandArgument.The Book-Keeper,15,124.

St.Olavshospital.(2017).Kompetansesenter for bevegelsesvansker og fall hos eldre - St. Olavs hospital.https://stolav.
no/fag-og-forskning/kompetansetjenester-og-sentre/kompetansesenter-for-bevegelsesvansker-og-fall-hos-eldre#oppgaver

Stambler,I.(2017).Recognizingdegenerativeagingasatreatablemedicalcondition:Methodologyandpolicy.Aging 
and Disease,8(5),583.

Stapleton,C.,Hough,P.,Oldmeadow,L.,Bull,K.,Hill,K.,&Greenwood,K.(2009).Four-itemfallriskscreeningtool
forsubacuteandresidentialagedcare:Thefirststepinfallprevention.Australasian Journal on Ageing,28(3),139–143.
doi:10.1111/j.1741-6612.2009.00375.xPMID:19845654

Stark,S.L.,Roe,C.M.,Grant,E.A.,Hollingsworth,H.,Benzinger,T.L.,Fagan,A.M.,Buckles,V.D.,&Morris,J.C.
(2013).PreclinicalAlzheimerdiseaseandriskoffalls.Neurology,81(5),437–443.doi:10.1212/WNL.0b013e31829d8599
PMID:23803314

Statham,L.,&Aspray,T.(2020).OsteoporosisinOlderAdults.Medicine in Older Adults, 49(1).

Stavanger,H. (2020).Til deg som har falt eller som er utsatt for fall - Helse Stavanger. https://helse-stavanger.no/
avdelinger/klinikk-a/ortopedisk-avdeling/osteoporosepoliklinikk/til-deg-som-har-falt-eller-som-er-utsatt-for-fall

Steele,J.,Raubold,K.,Kemmler,W.,Fisher,J.,Gentil,P.,&Giessing,J.(2017).Theeffectsof6monthsofprogres-
sivehigheffortresistancetrainingmethodsuponstrength,bodycomposition,function,andwellbeingofelderlyadults.
BioMed Research International,2017,1–14.Advanceonlinepublication.doi:10.1155/2017/2541090PMID:28676855

Steihaug,S.,Nafstad,P.,Vikse,R.,Beier,R.M.,&Tangen,T. (1998).Preventionoffemoralneckfractures in the
StovnerdistrictofOslo.Forebygging Av Larhalsbrudd i Oslo, Stovner Bydel., 118(1),37–39.https://pubmed.ncbi.nlm.
nih.gov/9481908/

Stel,V.S.,Smit,J.H.,Pluijm,S.M.,&Lips,P.(2004).Consequencesoffallinginoldermenandwomenandriskfactors
forhealthserviceuseandfunctionaldecline.Age and Ageing,33(1),58–65.doi:10.1093/ageing/afh028PMID:14695865

Sterling,D.A.,O’Connor,J.A.,&Bonadies,J.(2001).Geriatricfalls:Injuryseverityishighanddisproportionateto
mechanism.The Journal of Trauma,50(1),116–119.doi:10.1097/00005373-200101000-00021PMID:11231681

Stiell,I.G.,Wells,G.A.,Vandemheen,K.,Clement,C.,Lesiuk,H.,Laupacis,A.,McKnight,R.D.,Verbeek,R.,Brison,
R.,Cass,D.,Eisenhauer,M.A.,Greenberg,G.H.,&Worthington,J.(2001).TheCanadianCTHeadRuleforpatients
withminorheadinjury.Lancet,357(9266),1391–1396.doi:10.1016/S0140-6736(00)04561-XPMID:11356436

331

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://stolav.no/fag-og-forskning/kompetansetjenester-og-sentre/kompetansesenter-for-bevegelsesvansker-og-fall-hos-eldre#oppgaver
https://stolav.no/fag-og-forskning/kompetansetjenester-og-sentre/kompetansesenter-for-bevegelsesvansker-og-fall-hos-eldre#oppgaver
https://helse-stavanger.no/avdelinger/klinikk-a/ortopedisk-avdeling/osteoporosepoliklinikk/til-deg-som-har-falt-eller-som-er-utsatt-for-fall
https://helse-stavanger.no/avdelinger/klinikk-a/ortopedisk-avdeling/osteoporosepoliklinikk/til-deg-som-har-falt-eller-som-er-utsatt-for-fall
https://pubmed.ncbi.nlm.nih.gov/9481908/
https://pubmed.ncbi.nlm.nih.gov/9481908/


Compilation of References

Stijntjes,M.,deCraen,A.J.,vanderGrond,J.,Meskers,C.G.,Slagboom,P.E.,&Maier,A.B.(2016).CerebralMicro-
bleedsandLacunarInfarctsAreAssociatedwithWalkingSpeedIndependentofCognitivePerformanceinMiddle-Aged
toOlderAdults.Gerontology,62(5),500–507.doi:10.1159/000444583PMID:26974848

Stokes,J.M.(2009).Fallsinolderpeople:Riskfactorsandstrategiesforprevention(2ndedn)-byStephenLord,Catherine
Sherrington,HyltonMenz,andJacquelineClose.AustralasianJournalonAgeing,28(1),47–47.doi:10.1111/j.1741-
6612.2009.00347.x

Stoltz,P.,Willman,A.,&Giggi,U.(2006).Themeaningofsupportasnarratedbyfamilycarerswhocareforasenior
relativeathome.Qualitative Health Research,16(5),594–610.doi:10.1177/1049732305285729PMID:16611967

Strandberg, E., Edholm, P., Ponsot, E., Wåhlin-Larsson, B., Hellmén, E., Nilsson, A., Engfeldt, P., Cederholm, T.,
Risérus,U.,&Kadi,F.(1985).Influenceofcombinedresistancetrainingandhealthydietonmusclemassinhealthy
elderly women: A randomized controlled trial. Journal of Applied Physiology, 119(8), 918–925. doi:10.1152/jap-
plphysiol.00066.2015PMID:26338453

Streiner,D.,&Norman,G.(2015).Health Measurement Scales: A Practical Guide to their Development and Use(5th
ed.).OxfordUniversityPressxfordUniversityPress.doi:10.1093/med/9780199685219.001.0001

Strong,E.K.(1925).The Psychology of Selling and Advertising.McGraw-Hill.

Strout, T. D., & Anderson, R. S. (2016). Emergency department evaluation of falls in the elderly. In A. Mattu,
S. A. Grossman, & P. L. Rosen (Eds.), Geriatric Emergencies: A discussion‐based review (pp. 264–279). Wiley.
doi:10.1002/9781118753262.ch19

Stubbs,B.,Brefka,S.,&Denkinger,M.D.(2015).WhatWorkstoPreventFallsinCommunity-DwellingOlderAdults?
UmbrellaReviewofMeta-analysesofRandomizedControlledTrials.Physical Therapy,95(8),1095–1110.doi:10.2522/
ptj.20140461PMID:25655877

Stubbs,B.,Schofield,P.,Binnekade,T.,Patchay,S.,Sepehry,A.,&Eggermont,L.(2014).Painisassociatedwithre-
currentfallsincommunity-dwellingolderadults:Evidencefromasystematicreviewandmeta-analysis.Pain Medicine,
15(7),1115–1128.doi:10.1111/pme.12462PMID:24837341

Stuempfle,K.J.,&Drury,D.G.(2007).Thephysiologicalconsequencesofbedrest.Journal of Exercise Physiology,
10,32–41.

Subramanian,S.,Dahl,Y.,Maroni,N.S.,Vereijken,B.,&Svanas,D.(2019,August1).TwelveWaystoReachforaStar:
PlayerMovementStrategiesinaWhole-BodyExergame.2019 IEEE 7th International Conference on Serious Games 
and Applications for Health, SeGAH 2019.10.1109/SeGAH.2019.8882452

Suhrcke,M.,SautoArce,R.,McKee,M.,&Rocco,L.(2008).The Economic Costs of Ill Health in the European Region.
WHO European Ministerial Conference on Health Systems: Health Systems, Health and wealth,Tallin.

Sullivan,K.,Charrette,A.,Massey,C.,Bartlett,D.,Walker,C.,Bond,I.,Davies,P.,Scheidt,N.,&Fong,J.(2018).
Interprofessionaleducationwithacommunityfallpreventionevent.Journal of Interprofessional Care,29(4),374–376.
doi:10.3109/13561820.2014.969834PMID:25317499

SummaryoftheUpdatedAmericanGeriatricsSociety/BritishGeriatricsSocietyclinicalpracticeguidelineforpreven-
tionoffallsinolderpersons.(2011).Journal of the American Geriatrics Society,59(1),148–157.doi:10.1111/j.1532-
5415.2010.03234.xPMID:21226685

Svensson,O.,Eklund,P.,Bucht,G.,&Gustafson,Y.(2017).Onödiga skador hos äldre kan bli färre.Västerbottens-
Kuriren.www.vk.se

332

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Compilation of References

Sykehus, D. (2020). Helsetjenester til eldre (HTE) - Diakonhjemmet Sykehus. https://diakonhjemmetsykehus.no/
helsetjenester-til-eldre-hte

Sykehuset iVestfold. (2017).Trygg behandling – slik kan du bidra selv - Sykehuset i Vestfold. https://www.siv.no/
praktisk-informasjon/trygg-behandling-slik-kan-du-bidra-selv

SykehusetiVestfold.(2018).Innovation projects at SiV have been awarded funding from Health South-East.https://
www.siv.no/om-oss/nyheter/innovasjonsprosjekter-ved-siv-er-tildelt-midler-fra-helse-sor-ost

Sylliaas,H., Idland,G.,Sandvik,L.,Forsen,L.,&Bergland,A. (2009).Doesmortalityof the aged increasewith
thenumberoffalls?Resultsfromanine-yearfollow-upstudy.European Journal of Epidemiology,24(7),351–355.
doi:10.100710654-009-9348-5PMID:19452127

Sylliaas,H.,Selbæk,G.,&Bergland,A.(2012).Dobehavioraldisturbancespredictfallsamongnursinghomeresidents?
Aging Clinical and Experimental Research,24(3),251–256.doi:10.1007/BF03325253PMID:23114551

TaatiNiilenge. (2020).The Namibia newspaper. https://www.namibian.com.na/96896/read/Help-needed-to-identify-
injured-man

Talbot,L.A.,Musiol,R.J.,Witham,E.K.,&Metter,E.J.(2005).Fallsinyoung,middle-agedandoldercommunity
dwellingadults:Perceivedcause,environmentalfactorsandinjury.BMC Public Health,5,86.https://doi.org/10.1186/1471-
2458-5-86

Tanaka. (2001).Age-predictedmaximalheart raterevisited.Journal of the American College of Cardiology, 37(1),
153–156.doi:10.1016/S0735-1097(00)01054-8

Tan,K.M.,&Tan,M.P.(2016).StrokeandFalls-ClashoftheTwoTitansinGeriatrics.Geriatrics (Basel, Switzerland),
1(4),31.doi:10.3390/geriatrics1040031PMID:31022824

TaskForceonResearchandDevelopmentforTechnologytoSupportAgingAdults.(2019).Emerging Technologies to 
Support an Aging Population.CommitteeonTechnologyoftheNationalScience&TechnologyCouncil.

Taske,N.,Taylor,L.,Mulvihill,C.,Doyle,N.,Goodrich,J.,&Killoran,A.(2005).Housing and public health: a review 
of reviews of interventions for improving health. Evidence briefing.NationalInstituteforHealthandClinicalExcellence.

Taylor,B.D.,&Tripodes,S.(2001).Theeffectsofdrivingcessationontheelderlywithdementiaandtheircaregivers.
Accident; Analysis and Prevention,33(4),519–528.doi:10.1016/S0001-4575(00)00065-8PMID:11426682

Taylor,M.E.,Ketels,M.M.,Delbaere,K.,Lord,S.R.,Mikolaizak,A.S.,&Close,J.C.T.(2012).Gaitimpairment
andfallincognitivelyimpairedolderadults:Anexplanatorymodelofsensoriomotorandneuropsychologicalmediators.
Age and Ageing,41(5),665–669.doi:10.1093/ageing/afs057PMID:22572239

Taylor,M.E.,Lord,S.R.,Delbaere,K.,Mikolaizak,A.S.,&Close,J.C.(2012).Physiologicalfallriskfactorsin
cognitivelyimpairedolderpeople:Aone-yearprospectivestudy.Dementia and Geriatric Cognitive Disorders,34(3-4),
181–189.doi:10.1159/000343077PMID:23076047

Tchalla,A.E.,Dufour,A.B.,Travison,T.G.,Habtemariam,D.,Iloputaife,I.,Manor,B.,&Lewis,A.(2014).Patterns,
Predictors,andOutcomesofFallsTrajectoriesinOlderAdults:TheMOBILIZEBostonStudywith5YearsofFollow-
Up.PLoS One,9(9),e106363.https://doi.org/10.1371/journal.pone.0106363

Teixeira,D.C.,Oliveira,I.L.,&Dias,R.C.(2006).Perfil demográfico, clínico e funcional de idosos institucionalizados 
COM Demographic, Clinical and Functional Profile of.AcademicPress.

333

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://diakonhjemmetsykehus.no/helsetjenester-til-eldre-hte
https://diakonhjemmetsykehus.no/helsetjenester-til-eldre-hte
https://www.siv.no/praktisk-informasjon/trygg-behandling-slik-kan-du-bidra-selv
https://www.siv.no/praktisk-informasjon/trygg-behandling-slik-kan-du-bidra-selv
https://www.siv.no/om-oss/nyheter/innovasjonsprosjekter-ved-siv-er-tildelt-midler-fra-helse-sor-ost
https://www.siv.no/om-oss/nyheter/innovasjonsprosjekter-ved-siv-er-tildelt-midler-fra-helse-sor-ost
https://www.namibian.com.na/96896/read/Help-needed-to-identify-injured-man
https://www.namibian.com.na/96896/read/Help-needed-to-identify-injured-man


Compilation of References

Tell,G.S.,Lefkowitz,D.S.,Diehr,P.,&Elster,A.D.(1998).Relationshipbetweenbalanceandabnormalitiesince-
rebralmagneticresonanceimaginginolderadults.Archives of Neurology,55(1),73–79.doi:10.1001/archneur.55.1.73
PMID:9443713

Tervo-Heikkinen,T.,Äijö,M.,&Holopainen,A.(2016).AMultidisciplinaryandMultiactorApproachtoFallsPreven-
tion:TheRFPNetwork.InK.Aase&L.Schibevaag(Eds.),Researching Patient Safety and Quality in Healthcare: A 
Nordic Perspective(pp.131–144).doi:10.1201/9781315605609-12

Tesch-Römer,C.,&Wahl,H.-W.(2017).Towardamorecomprehensiveconceptofsuccessfulaging:disabilityandcare
needs.The Journals of Gerontology: Series B, 72(2),310-318.

TheFinnishAssociationofPhysiotherapists.(2017).Kaatumisten ja kaatumisvammojen ehkäisyn fysioterapiasuositus.
Retrievedfromhttps://www.terveysportti.fi/dtk/sfs/avaa?p_artikkeli=sfs00003

TheFinnishMedicalSocietyDuodecim.(n.d.).Duodecim.Retrievedfromhttps://www.duodecim.fi/english/duodecim/

TheRegionalFallPreventionNetwork. (2018).Stay Up. Information about fall prevention for you and your loved 
ones.Retrievedfromhttps://www.psshp.fi/documents/7796350/7878207/OHJE-2016-00548+Stay+Up+Fall+Preventi
on+311689_2_1.pdf/b502c2a1-fc8e-444b-b854-d156402bdfc7

TheRegionalFallPreventionNetwork.(n.d.).Retrievedfromhttps://www.psshp.fi/web/en/professionals/patient-care/
rfpnetwork

TheUKKInstituteforHealthPromotionResearch.(n.d.).Iäkkäiden kaatumisten ehkäisy.Retrievedfromwww.kaatu-
misseula.fi

Thomas,P.,&Sanderson,P.(2013).Crossingtheline?Whiteyoungpeopleandcommunitycohesion.Critical Social 
Policy,33(1),160–180.

Thomsen,K.,Jepsen,D.B.,Matzen,L.,Hermann,A.P.,Masud,T.,&Ryg,J.(2015).Iscalcanealquantitativeultrasound
usefulasaprescreenstratificationtoolforosteoporosis?Osteoporosis International,26(5),1459–1475.doi:10.100700198-
014-3012-yPMID:25634771

Tieland,M.,Trouwborst, I.,&Clark,B.C. (2018).Skeletalmuscleperformanceandageing.Journal of Cachexia, 
Sarcopenia and Muscle,9(1),3–19.

Tinetti, M. E. (2003). Preventing falls in elderly persons. The New England Journal of Medicine, 348(1), 42–49.
doi:10.1056/NEJMcp020719PMID:12510042

Tinetti,M.E.,Gordon,C.,Sogolow,E.,Lapin,P.,&Bradley,E.H.(2006).Fall-riskevaluationandmanagement:Challenges
inadoptinggeriatriccarepractices.The Gerontologist,46(6),717–725.doi:10.1093/geront/46.6.717PMID:17169927

Tinetti,M.E.,Han,L.,Lee,D.S.,McAvay,G.J.,Peduzzi,P.,Gross,C.P.,Zhou,B.,&Lin,H.(2014).Antihyperten-
sivemedicationsandseriousfallinjuriesinanationallyrepresentativesampleofolderadults.JAMA Internal Medicine,
174(4),588–595.doi:10.1001/jamainternmed.2013.14764PMID:24567036

Tinetti,M.E.,Richman,D.,&Powell,L.(1990).Fallsefficacyasameasureoffearoffalling.Journal of Gerontology,
45(6),239–243.doi:10.1093/geronj/45.6.P239PMID:2229948

Tinetti,M.E.,Speechley,M.,&Ginter,S.F.(1988).Riskfactorsforfallsamongelderlypersonslivinginthecom-
munity.The New England Journal of Medicine,319(26),1701–1707.https://doi.org/10.1056/NEJM198812293192604

Tinetti,M.E.,&Williams,C.S.(1997).Falls,injuriesduetofalls,andtheriskofadmissiontoanursinghome.The 
New England Journal of Medicine,337(18),1279–1284.doi:10.1056/NEJM199710303371806PMID:9345078

334

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.terveysportti.fi/dtk/sfs/avaa?p_artikkeli=sfs00003
https://www.duodecim.fi/english/duodecim/
https://www.psshp.fi/documents/7796350/7878207/OHJE-2016-00548+Stay+Up+Fall+Prevention+311689_2_1.pdf/b502c2a1-fc8e-444b-b854-d156402bdfc7
https://www.psshp.fi/documents/7796350/7878207/OHJE-2016-00548+Stay+Up+Fall+Prevention+311689_2_1.pdf/b502c2a1-fc8e-444b-b854-d156402bdfc7
https://www.psshp.fi/web/en/professionals/patient-care/rfpnetwork
https://www.psshp.fi/web/en/professionals/patient-care/rfpnetwork
http://www.kaatumisseula.fi
http://www.kaatumisseula.fi


Compilation of References

Todd,C.,&Skelton,D.(2004).What are the main risk factors for falls among older people and what are the most ef-
fective interventions to prevent these falls?RetrievedNovember6,2019fromwww.euro.who.int/document/E82552.pdf

TOIMIA.(n.d.).Functioning Measures Database.Retrievedfromhttps://thl.fi/en/web/functioning/toimia-functioning-
measures-database

Toots,A.,Wiklund,R.,Littbrand,H.,Nordin,E.,Nordström,P.,Lundin-Olsson,L.,...Rosendahl,https://onlinelibrary.
wiley.com/doi/pdf/10.1111/neup.12626E.(2019).Theeffectsofexerciseonfallsinolderpeoplewithdementialivingin
nursinghomes:Arandomizedcontrolledtrial.Journal of the American Medical Directors Association, 20(7),835-842.

Topperzer,M.K.,Hoffmann,M.,Roug,L.I.,Larsen,H.B.,Lausen,B.,Schmiegelow,K.,&Sørensen,J.L.(2019).
Unmetneedforinterprofessionaleducationinpaediatriccancer:Ascopingreview.Supportive Care in Cancer,27(10),
3627–3637.doi:10.100700520-019-04856-4PMID:31127437

Tornero-Quiñones,I.,Sáez-Padilla,J.,EspinaDíaz,A.,AbadRobles,M.T.,&SierraRobles,Á.(2020).Functional
ability,frailtyandriskoffallsintheelderly:Relationswithautonomyindailyliving.International Journal of Environ-
mental Research and Public Health,17(3),1006.

Trappe,T.A.,Standley,R.A.,Jemiolo,B.,Carroll,C.C.,&Trappe,S.W.(2013).Prostaglandin and myokine involve-
ment in the cyclooxygenase-inhibiting drug enhancement of skeletal muscle adaptations to resistance exercise in older 
adults.doi:10.1152/ajpregu.00245.2012

Tricco,A.C.,Thomas,S.M.,Veroniki,A.A.,Hamid,J.S.,Cogo,E.,Strifler,L.,Khan,P.A.,Robson,R.,Sibley,K.
M.,MacDonald,H.,Riva,J.J.,Thavorn,K.,Wilson,C.,Holroyd-Leduc,J.,Kerr,G.D.,Feldman,F.,Majumdar,S.
R.,Jaglal,S.B.,Hui,W.,&Straus,S.E.(2017).ComparisonsofInterventionsforPreventingFallsinOlderAdults:A
SystematicReviewandMeta-analysis.Journal of the American Medical Association,318(17),1687–1699.doi:10.1001/
jama.2017.15006PMID:29114830

Trigo,M.,Canudo,N.,Branco,F.,&Silva,D.(2019).Estudo das propriedades psicométricas da Perceived Stress Scale 
(PSS) na população portuguesa.AcademicPress.

Tromp,A.M.,Pluijm,S.M.,Smit,J.H.,Deeg,D.J.,Bouter,L.M.,&Lips,P.(2001).Fall-riskscreeningtest:Apro-
spectivestudyonpredictorsforfallsincommunity-dwellingelderly.Journal of Clinical Epidemiology,54(8),837–844.
doi:10.1016/S0895-4356(01)00349-3PMID:11470394

Tromsøkommune.(2021).Tromsø kommune.https://www.tromso.kommune.no/helse-og-omsorg/tilrettelagte-arbeids-
og-aktivitetstilbud/tromso-aktivitet-og-rehabilitering

Tseng,C.H.,&Chen,Y.H.(2019).Regularizedapproachfordatamissingnotatrandom.Statistical Methods in Medical 
Research,28(1),134–150.doi:10.1177/0962280217717760PMID:28671033

Tsui,Y.K.,Tsai,F.Y.,Hasso,A.N.,Greensite,F.,&Nguyen,B.V.(2009).Susceptibilityweightedimagingfordif-
ferentialdiagnosisofcerebralvascularpathology:Apictorialreview.Journal of the Neurological Sciences,287(1-2),
7–16.doi:10.1016/j.jns.2009.08.064PMID:19772973

Tuokko,H.,Tallman,K.,Beattie,B.L.,Cooper,P.,&Weir,J.(1995).Anexaminationofdrivingrecordsinadementia
clinic.The Journals of Gerontology. Series B, Psychological Sciences and Social Sciences,50(3),S173–S181.doi:10.1093/
geronb/50B.3.S173PMID:7767701

Ulrich,R.(2001).EffectsofHealthcareEnvironmentalDesignonMedicalOutcomes.Design and Health:Proceedings 
of the Second International Conference on Health and Design.

335

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

http://www.euro.who.int/document/E82552.pdf
https://thl.fi/en/web/functioning/toimia-functioning-measures-database
https://thl.fi/en/web/functioning/toimia-functioning-measures-database
https://www.tromso.kommune.no/helse-og-omsorg/tilrettelagte-arbeids-og-aktivitetstilbud/tromso-aktivitet-og-rehabilitering
https://www.tromso.kommune.no/helse-og-omsorg/tilrettelagte-arbeids-og-aktivitetstilbud/tromso-aktivitet-og-rehabilitering


Compilation of References

Ungvari,Z.,Tarantini,S.,Donato,A.J.,Galvan,V.,&Csiszar,A.(2018).Mechanismsofvascularaging.Circulation 
Research,123(7),849–867.

UnitedNations,DepartmentofEconomicandSocialAffairs,PopulationDivision.(2015).World Population Ageing 
2015 (ST/ESA/SER.A/390). Retrieved from: https://www.un.org/en/development/desa/population/publications/pdf/
ageing/WPA2015_Report.pdf

UnitedNations,DepartmentofEconomicandSocialAffairs.(2019).Population Division World Population Prospects 
2019.https://population.un.org/wpp/Publications/Files/WPP2019_Highlights.pdf

UnitedNations. (2021,July6).Convention on the Rights of Persons with Disabilities (CRPD).https://www.un.org/
development/desa/disabilities/convention-on-the-rights-of-persons-with-disabilities.html

UnitedStates,DepartmentofJustice.(2021,July6).The Americans with Disabilities Act (ADA).https://www.ada.gov/

UniversityofCincinnati.(2021,July6).Accessibility meaning.https://kb.uc.edu/KBArticles/Accessibility-Definitions.aspx

Urdan,A.T.(2001).Aqualidadedeserviçosmédicosnaperspetivadocliente.Revista de Administração de Empresas,
41(4),44–55.doi:10.1590/S0034-75902001000400006

Utviklingssenter for sykehjemoghjemmetjenester. (2020).Forebygging av funksjonsfall hos eldre. https://www.ut-
viklingssenter.no/prosjekter/forebygging/forebygging-av-funksjonsfall-hos-eldre

Valenzuela,P.L.,Maffiuletti,N.A.,Joyner,M.J.,Lucia,A.,&Lepers,R.(2020).LifelongEnduranceExerciseasa
CountermeasureAgainstAge-RelatedV˙O2maxDecline:PhysiologicalOverviewandInsightsfromMastersAthletes.
Sports Medicine (Auckland, N.Z.),50(4),703–716.doi:10.100740279-019-01252-0PMID:31873927

Valsamis,Arora,S.K.,Labban,B.,&McFarlane,S.I.(2006).Article.Nutrition & Metabolism,3(1),36.doi:10.1186/1743-
7075-3-36PMID:16956398

vandenAnker,J.,Reed,M.D.,Allegaert,K.,&Kearns,G.L.(2018).Developmentalchangesinpharmacokineticsand
pharmacodynamics.Journal of Clinical Pharmacology,58,S10–S25.

vanderVelde,N.,&vanderCammen,T.J.M.(2006).WithdrawalofFallRisk-IncreasingDrugs.InMedication-Related
FallsinOlderPeople(pp.199-211).AcademicPress.

vanOnna,M.,&Boonen,A.(2016).Thechallenginginterplaybetweenrheumatoidarthritis,ageingandcomorbidities.
BMC Musculoskeletal Disorders,17(1),184.

vanVelsen,L.,Illario,M.,Jansen-Kosterink,S.,Crola,C.,DiSomma,C.,Colao,A.,&Vollenbroek-Hutten,M.(2015).
ACommunity-Based,Technology-SupportedHealthServiceforDetectingandPreventingFrailtyamongOlderAdults:
AParticipatoryDesignDevelopmentProcess.Journal of Aging Research, 2015,216084.doi:10.1155/2015/216084

Verghese,J.,Lipton,R.B.,Hall,C.B.,Kuslansky,G.,Katz,M.J.,&Buschke,H.(2002).Abnormalityofgaitasa
predictor of non-Alzheimer’s dementia. The New England Journal of Medicine, 347(22), 1761–1768. doi:10.1056/
NEJMoa020441PMID:12456852

Vernikos,J.,&Schneider,S.V.(2010).Space,gravityandthephysiologyofaging:Parallelorconvergentdisciplines?
Amini-review.Gerontology,56(2),157–166.doi:10.1159/000252852PMID:19851058

Vernon,S.(2010).Reñectionsonafallspreventionpeereducationproject.Journal of Interprofessional Care,24(1),
119–121.doi:10.3109/13561820902922546PMID:19718574

336

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2015_Report.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2015_Report.pdf
https://population.un.org/wpp/Publications/Files/WPP2019_Highlights.pdf
https://www.un.org/development/desa/disabilities/convention-on-the-rights-of-persons-with-disabilities.html
https://www.un.org/development/desa/disabilities/convention-on-the-rights-of-persons-with-disabilities.html
https://www.ada.gov/
https://kb.uc.edu/KBArticles/Accessibility-Definitions.aspx
https://www.utviklingssenter.no/prosjekter/forebygging/forebygging-av-funksjonsfall-hos-eldre
https://www.utviklingssenter.no/prosjekter/forebygging/forebygging-av-funksjonsfall-hos-eldre


Compilation of References

Vernooij,M.W.,vanderLugt,A.,Ikram,M.A.,Wielopolski,P.A.,Niessen,W.J.,Hofman,A.,Krestin,G.P.,&Bre-
teler,M.M.(2008).Prevalenceandriskfactorsofcerebralmicrobleeds:TheRotterdamScanStudy.Neurology,70(14),
1208–1214.doi:10.1212/01.wnl.0000307750.41970.d9PMID:18378884

Veronese,N.,Stubbs,B.,Noale,M.,Solmi,M.,Pilotto,A.,Vaona,A.,...Maggi,S.(2017).Polypharmacyisassociated
withhigherfrailtyriskinolderpeople:An8-yearlongitudinalcohortstudy.Journal of the American Medical Directors 
Association,18(7),624–628.

Vieira,E.R.,Palmer,R.C.,&Chaves,P.H.(2016).Preventionoffallsinolderpeoplelivinginthecommunity.British 
Medical Journal,28,353.PMID:27125497

VIGOURProjectConsortium.(2021,July5).VIGOUR Evidence-based guidance to scale-up integrated care in Europe.
https://vigour-integratedcare.eu/

Viken,V.(2017).Fallforebygging - Vestre Viken.https://vestreviken.no/behandlinger/hoftebrudd/fallforebygging

Viswanathan, A., & Chabriat, H. (2006). Cerebral microhemorrhage. Stroke, 37(2), 550–555. doi:10.1161/01.
STR.0000199847.96188.12PMID:16397165

Vlaeyen,E.,Coussement,J.,Leysens,G.,VanDerElst,E.,Delbaere,K.,Cambier,D.,Denhaerynck,K.,Goemaere,
S.,Wertelaers,A.,Dobbels,F.,Dejaeger,E.,&Milisen,K.(2015).Characteristicsandeffectivenessoffallprevention
programs innursinghomes:Asystematic reviewandmeta-analysisof randomizedcontrolled trials.Journal of the 
American Geriatrics Society,63(2),211–221.Advanceonlinepublication.doi:10.1111/jgs.13254PMID:25641225

Vollenbroek-Hutten,M.,Pais,S.,Ponce,S.,Dekker-vanWeering,M.,Jansen-Kosterink,S.,Schena,F.,Tabarini,N.,
Carotenuto,F.,Iadicicco,V.,&Illario,M.(2016).RestRust!Physicalactiveforactiveandhealthyageing.Translational 
Medicine @ UniSa, 13,19–28.

Wagner,J.T.,Müri,R.M.,Nef,T.,&Mosimann,U.P.(2011).Cognitionanddrivinginolderpersons.Risk (Concord, 
NH),5,8.PMID:21240690

Waha,J.E.,Goswami,N.,Schlagenhauf,A.,Leschnik,B.,Koestenberger,M.,Reibnegger,G.,Roller,R.E.,Hinghofer-
Szalkay,H.,&Cvirn,G.(2015).Effectsofexerciseandnutritiononthecoagulationsystemduringbedrestimmobiliza-
tion.Medicine,94(38),e1555.doi:10.1097/MD.0000000000001555PMID:26402815

Wang,H.-K.,Hung,C.-M.,Lin,S.-H.,Tai,Y.-C.,Lu,K.,Liliang,P.-C.,Lin,C.-W.,Lee,Y.-C.,Fang,P.-H.,Chang,L.-
C.,&Li,Y.C.(2014).Increasedriskofhipfracturesinpatientswithdementia:Anationwidepopulation-basedstudy.
BMC Neurology,14(1),175.doi:10.118612883-014-0175-2PMID:25213690

Wang,R.Y.,Wang,Y.L.,Cheng,F.Y.,Chao,Y.H.,Chen,C.L.,&Yang,Y.R.(2018).Effectsofamulticomponent
exerciseondual-taskperformanceandexecutivefunctionamongolderadults.International Journal of Gerontology,
12(2),133–138.doi:10.1016/j.ijge.2018.01.004

Wang,Y.,Huang,H.,&Chen,G.(2020).EffectsoflightingonECG,visualperformanceandpsychologyoftheelderly.
Optik (Stuttgart),203,164063.

Ward,W.,Zagoloff,A.,Rieck,C.,&Robiner,W.(2018).InterprofessionalEducation:OpportunitiesandChallenges
forPsychology.Journal of Clinical Psychology in Medical Settings,25(3),250–266.doi:10.100710880-017-9538-3
PMID:29453507

Ware,J.E.,&Sherbourne,C.D.(1992).TheMOS36-itemshort-formhealthsurvey(Sf-36):I.conceptualframework
anditemselection.Medical Care,30(6),473–483.doi:10.1097/00005650-199206000-00002PMID:1593914

337

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://vigour-integratedcare.eu/
https://vestreviken.no/behandlinger/hoftebrudd/fallforebygging


Compilation of References

Waters,W.W.,Platts,S.H.,Mitchell,B.M.,Whitson,P.A.,&Meck,J.V.(2005).Plasmavolumerestorationwithsalt
tabletsandwaterafterbedrestpreventsorthostatichypotensionandchangesinsupinehemodynamicandendocrine
variables.American Journal of Physiology. Heart and Circulatory Physiology,288(2),H839–H847.doi:10.1152/ajp-
heart.00220.2004PMID:15486040

Weaver,C.M.,Gordon,C.M.,Janz,K.F.,Kalkwarf,H.J.,Lappe,J.M.,Lewis,R.,O’Karma,M.,Wallace,T.C.,&
Zemel,B.S.(2015).TheNationalOsteoporosisFoundation’spositionstatementonpeakbonemassdevelopmentand
lifestylefactors:Asystematicreviewandimplementationrecommendations.Osteoporosis International.Advanceonline
publication.doi:10.100700198-015-3440-3

Weiss,A.,Chagnac,A.,Beloosesky,Y.,Weinstein,T.,Grinblat,J.,&Grossman,E.(2004).Orthostatichypotension
intheelderly:Arethediagnosticcriteriaadequate?Journal of Human Hypertension,18(5),301–305.doi:10.1038j.
jhh.1001668PMID:15103309

Wei,Y.J.,Simoni-Wastila,L.,Lucas,J.A.,&Brandt,N.(2017).FallandFractureRiskinNursingHomeResidentsWith
Moderate-to-SevereBehavioralSymptomsofAlzheimer’sDiseaseandRelatedDementiasInitiatingAntidepressants
orAntipsychotics.The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences,72(5),695–702.
PMID:27247274

Weller,I.,&Schatzker,J.(2004).HipfracturesandAlzheimer’sdiseaseinelderlyinstitutionalizedCanadians.Annals 
of Epidemiology,14(5),319–324.doi:10.1016/j.annepidem.2003.08.005PMID:15177270

Werner,C.(2010).The older population.Availablein:https://www.census.gov

Wheatley,A.,Bamford,C.,Shaw,C.,Boyles,M.,Fox,C.,&Allan,L.(2019).Serviceorganisationforpeoplewith
dementiaafteraninjuriousfall:Challengesandopportunities.Age and Ageing,48(3),454–458.https://doi.org/10.1093/
ageing/afz010

WHO.(2007).Global Report on Falls Prevention in Older Age.Retrievedfromhttp://who.int/ageing/projects/1.Epide-
miology%20of%20falls%20in%20older%20age.pdf

WHO.(2007).WHO Global Report on Falls Prevention in Older Age.RetrievedNovember16,2019fromhttps://www.
who.int/ageing/publications/Falls_prevention7March.pdf

WHO.(2010).Framework for Action on Interprofessional Education & Collaborative Practice.Retrievedfrom:https://
apps.who.int/iris/bitstream/handle/10665/70185/WHO_HRH_HPN_10.3_eng.pdf;jsessionid=47D6B2D624E431231E
C88A9F3A84F1C4?sequence=1

WHO.(2010).How can telehealth help in the provision of integrated care?WHORegionalOfficeforEurope.

WHO.(2012).WHOQOL User Manual.WHO.

WHO.(2016).Integrated Care Models: an overview.WHORegionalOfficeforEurope.

WHO.(2018).Falls.https://www.who.int/news-room/fact-sheets/detail/falls

WHO.(2018).Falls.Retrievedfromhttp:https://www.who.int/es/news-room/fact-sheets/detail/falls

WHO.(2018).Physicalactivityfactsheetsforthe28EuropeanUnionMemberStatesoftheWHOEuropeanRegion.
Overview, 148.

WHO.(2019a).Falls.RetrievedNovember2,2019,fromhttps://www.who.int/news-room/fact-sheets/detail/falls

WHO.(2019b).Falls.RetrievedNovember5,2019,fromhttps://www.who.int/violence_injury_prevention/other_injury/
falls/en/

338

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.census.gov
http://who.int/ageing/projects/1.Epidemiology%20of%20falls%20in%20older%20age.pdf
http://who.int/ageing/projects/1.Epidemiology%20of%20falls%20in%20older%20age.pdf
https://www.who.int/ageing/publications/Falls_prevention7March.pdf
https://www.who.int/ageing/publications/Falls_prevention7March.pdf
https://apps.who.int/iris/bitstream/handle/10665/70185/WHO_HRH_HPN_10.3_eng.pdf;jsessionid=47D6B2D624E431231EC88A9F3A84F1C4?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/70185/WHO_HRH_HPN_10.3_eng.pdf;jsessionid=47D6B2D624E431231EC88A9F3A84F1C4?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/70185/WHO_HRH_HPN_10.3_eng.pdf;jsessionid=47D6B2D624E431231EC88A9F3A84F1C4?sequence=1
https://www.who.int/news-room/fact-sheets/detail/falls
https://www.who.int/es/news-room/fact-sheets/detail/falls
https://www.who.int/news-room/fact-sheets/detail/falls
https://www.who.int/violence_injury_prevention/other_injury/falls/en/
https://www.who.int/violence_injury_prevention/other_injury/falls/en/


Compilation of References

WHO.(n.d.).Stepsafely.Strategies for preventing and managing falls across the life-course.

Wiemeyer,J.,&Kliem,A.(2012).Seriousgamesinpreventionandrehabilitation—Anewpanaceaforelderlypeople?
European Review of Aging and Physical Activity,9,41–50.

Windle, G., Hughes, D., Linck, P., Russell, I., & Woods, B. (2013, October). Aging & Mental Health Is exercise
effective in promoting mental well-being in older age? Systematic Reviews, 37–41. Advance online publication.
doi:10.1080/13607861003713232PMID:20686977

Wisconsin Department of Health Services. (2020). Falls in children. https://www.google.com/search?q=Wisc
onsin+Department+of+Health+Services-falls+in+children&tbm=isch&ved=2ahUKEwjr5auK5KXtAhUS1-
AKHWjuA-YQ2-cCegQIABAA&oq=Wisconsin+Department+of+Health+Services-falls+in+children&gs_
lcp=CgNpbWcQA1CXJViXJWD_KGgAcAB4AIAB_gKIAf4CkgEDMy0xmAEAoAEBqgELZ3dzLXdp
ei1pbWfAAQE&sclient=img&ei=QIvCX-vFBpKugwfo3I-wDg&bih=710&biw=1707&rlz=1C1RUCY_
enNA842NA842#imgrc=A6hY-xaEwNaMAM

Wolffsohn,J.S.,&Davies,L.N.(2019).Presbyopia:Effectivenessofcorrectionstrategies.Progress in Retinal and Eye 
Research,68,124–143.

Wollesen,B.,&Voelcker-Rehage,C.(2014).Trainingeffectsonmotor–cognitivedual-taskperformanceinolderadults.
European Review of Aging and Physical Activity,11(1),5–24.doi:10.100711556-013-0122-z

Wollesen,B.,Wildbredt,A.,Schooten,K.S.,Lim,M.L.,&Delbaere,K.(2020).Theeffectsofcognitive-motortraining
interventionsonexecutivefunctionsinolderpeople:Asystematicreviewandmeta-analysis.European Review of Aging 
and Physical Activity,17(1),1–22.doi:10.118611556-020-00240-yPMID:32636957

Wong,Y.Q.,Tan,L.K.,Seow,P.,Tan,M.P.,AbdKadir,K.A.,Vijayananthan,A.,&Ramli,N.(2017,June28).Micro-
structuralintegrityofwhitemattertractsamongstolderfallers:ADTIstudy.PLoS One,12(6),e0179895.doi:10.1371/
journal.pone.0179895PMID:28658309

Wood,J.M.,Lacherez,P.,Black,A.A.,Cole,M.H.,Boon,M.Y.,&Kerr,G.K.(2011).Riskoffalls,injuriousfalls,and
otherinjuriesresultingfromvisualimpairmentamongolderadultswithage-relatedmaculardegeneration.Investigative 
Ophthalmology & Visual Science,52(8),5088–5092.https://doi.org/10.1167/iovs.10-6644

Woolcott,J.C.,Richardson,K.J.,Wiens,M.O.,Patel,B.,Marin,J.,Khan,K.M.,&Marra,C.A.(2009).Meta-analysis
oftheimpactof9medicationclassesonfallsinelderlypersons.Archives of Internal Medicine,169(21),1952–1960.
https://doi.org/10.1001/archinternmed.2009.357

Woolf,A.,Fish,S.,Azzara,C.,&Dean,D.(1990).Seriouspoisoningsamongolderadults:Astudyofhospitaliza-
tionandmortalityratesinMassachusetts1983-85.American Journal of Public Health,80(7),867–869.doi:10.2105/
AJPH.80.7.867PMID:2356914

Woo,Y.S.,Shin,G.I.,&Park,H.Y.(2020).ComparativeAnalysisofDifferencesinReactionTimeandDividedAtten-
tionwithElderlyAge:UsingtheDrivingAbilityAssessmentTool.Therapeutic Science for Rehabilitation,9(3),53–61.

WorldHealthOrganizacion.(2007).Global patient safety research priorities. Establishing a set of global research pri-
orities with the support of an international expert working group.Disponívelem:http://who.int/patientsafety/research/
activities/topic_priority_setting_definitions.pdf

World Health Organization. (2005). Sustainable health financing, universal coverage and social health insurance.
ResolutionWHA58.33.

WorldHealthOrganization.(2007).Global Age-Friendly Cities: A Guide.WorldHealthOrganization.

339

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.google.com/search?q=Wisconsin+Department+of+Health+Services-falls+in+children&tbm=isch&ved=2ahUKEwjr5auK5KXtAhUS1-AKHWjuA-YQ2-cCegQIABAA&oq=Wisconsin+Department+of+Health+Services-falls+in+children&gs_lcp=CgNpbWcQA1CXJViXJWD_KGgAcAB4AIAB_gKIAf4CkgEDMy0xmAEAoAEBqgELZ3dzLXdpei1pbWfAAQE&sclient=img&ei=QIvCX-vFBpKugwfo3I-wDg&bih=710&biw=1707&rlz=1C1RUCY_enNA842NA842#imgrc=A6hY-xaEwNaMAM
https://www.google.com/search?q=Wisconsin+Department+of+Health+Services-falls+in+children&tbm=isch&ved=2ahUKEwjr5auK5KXtAhUS1-AKHWjuA-YQ2-cCegQIABAA&oq=Wisconsin+Department+of+Health+Services-falls+in+children&gs_lcp=CgNpbWcQA1CXJViXJWD_KGgAcAB4AIAB_gKIAf4CkgEDMy0xmAEAoAEBqgELZ3dzLXdpei1pbWfAAQE&sclient=img&ei=QIvCX-vFBpKugwfo3I-wDg&bih=710&biw=1707&rlz=1C1RUCY_enNA842NA842#imgrc=A6hY-xaEwNaMAM
https://www.google.com/search?q=Wisconsin+Department+of+Health+Services-falls+in+children&tbm=isch&ved=2ahUKEwjr5auK5KXtAhUS1-AKHWjuA-YQ2-cCegQIABAA&oq=Wisconsin+Department+of+Health+Services-falls+in+children&gs_lcp=CgNpbWcQA1CXJViXJWD_KGgAcAB4AIAB_gKIAf4CkgEDMy0xmAEAoAEBqgELZ3dzLXdpei1pbWfAAQE&sclient=img&ei=QIvCX-vFBpKugwfo3I-wDg&bih=710&biw=1707&rlz=1C1RUCY_enNA842NA842#imgrc=A6hY-xaEwNaMAM
https://www.google.com/search?q=Wisconsin+Department+of+Health+Services-falls+in+children&tbm=isch&ved=2ahUKEwjr5auK5KXtAhUS1-AKHWjuA-YQ2-cCegQIABAA&oq=Wisconsin+Department+of+Health+Services-falls+in+children&gs_lcp=CgNpbWcQA1CXJViXJWD_KGgAcAB4AIAB_gKIAf4CkgEDMy0xmAEAoAEBqgELZ3dzLXdpei1pbWfAAQE&sclient=img&ei=QIvCX-vFBpKugwfo3I-wDg&bih=710&biw=1707&rlz=1C1RUCY_enNA842NA842#imgrc=A6hY-xaEwNaMAM
https://www.google.com/search?q=Wisconsin+Department+of+Health+Services-falls+in+children&tbm=isch&ved=2ahUKEwjr5auK5KXtAhUS1-AKHWjuA-YQ2-cCegQIABAA&oq=Wisconsin+Department+of+Health+Services-falls+in+children&gs_lcp=CgNpbWcQA1CXJViXJWD_KGgAcAB4AIAB_gKIAf4CkgEDMy0xmAEAoAEBqgELZ3dzLXdpei1pbWfAAQE&sclient=img&ei=QIvCX-vFBpKugwfo3I-wDg&bih=710&biw=1707&rlz=1C1RUCY_enNA842NA842#imgrc=A6hY-xaEwNaMAM
https://www.google.com/search?q=Wisconsin+Department+of+Health+Services-falls+in+children&tbm=isch&ved=2ahUKEwjr5auK5KXtAhUS1-AKHWjuA-YQ2-cCegQIABAA&oq=Wisconsin+Department+of+Health+Services-falls+in+children&gs_lcp=CgNpbWcQA1CXJViXJWD_KGgAcAB4AIAB_gKIAf4CkgEDMy0xmAEAoAEBqgELZ3dzLXdpei1pbWfAAQE&sclient=img&ei=QIvCX-vFBpKugwfo3I-wDg&bih=710&biw=1707&rlz=1C1RUCY_enNA842NA842#imgrc=A6hY-xaEwNaMAM
http://who.int/patientsafety/research/activities/topic_priority_setting_definitions.pdf
http://who.int/patientsafety/research/activities/topic_priority_setting_definitions.pdf


Compilation of References

WorldHealthOrganization.(2007).WHO global report of falls prevention in older age.Retrievedfromhttps://www.
who.int/ageing/publications/Falls_prevention7March.pdf

WorldHealthOrganization.(2009).Conceptual framework for the international classification for patient safety.Version
1.1.FinalTechnicalReport.Availableon-linehttps://www.dgs.pt/documentos-e-publicacoes/classificacao-internacional-
sobre-seguranca-do-doente-png.aspx

WorldHealthOrganization.(2014).Checklist of essential features of age-friendly cities.WHOpress.

WorldHealthOrganization.(2015).World Report on Ageing and Health.WorldHealthOrganization.

WorldHealthOrganization.(2018).Housing and Health Guidelines.WorldHealthOrganization.

WorldhealthOrganization.(2019).Blindness and vision impairment.WorldhealthOrganization.

WorldWideWebConsortium.(2021,July6).Accessibility on web: The guidelines and Success Criteria of Web Content 
Accessibility Guidelines (WCAG) 2.1.https://www.w3.org/TR/WCAG21/

Worum,H.,Lillekroken,D.,Ahlsen,B.,Roaldsen,K.S.,&Bergland,A.(2019).Bridgingthegapbetweenresearch-based
knowledgeandclinicalpractice:Aqualitativeexaminationofpatientsandphysiotherapists’viewsontheOtagoexercise
Programme.BMC Geriatrics,19(1),278.Advanceonlinepublication.doi:10.118612877-019-1309-6PMID:31638912

Worum,H.,Lillekroken,D.,Ahlsen,B.,Roaldsen,K.S.,&Bergland,A.(2020).Otagoexerciseprogramme—from
evidencetopractice:Aqualitativestudyofphysiotherapists’perceptionsoftheimportanceoforganisationalfactorsof
leadership,contextandcultureforknowledgetranslationinNorway.BMC Health Services Research,20(1),985.Advance
onlinepublication.doi:10.118612913-020-05853-8PMID:33109177

Worum, H., Lillekroken, D., Roaldsen, K. S., Ahlsen, B., & Bergland, A. (2020). Physiotherapists’ perceptions of
challengesfacingevidence-basedpracticeandtheimportanceofenvironmentalempowermentinfallpreventioninthe
municipality–aqualitativestudy.BMC Geriatrics,20(1),432.Advanceonlinepublication.doi:10.118612877-020-
01846-8PMID:33121434

Wu,H.,&Lu,N.(2017).Informalcareandhealthbehaviorsamongelderlypeoplewithchronicdiseases.Journal of 
Health, Population and Nutrition,36(1),1–8.doi:10.118641043-017-0117-xPMID:29208036

Wultems,J.,Verschueren,S.,Degens,H.,Morse,C.,&Onambele,G.(2016).Reviewoftheassessmentandprevalence
ofsedentarisminolderadults,itsphysiology/healthimpactandnon-exercisemobility.Biogerontology,77(3),547–565.

Yacovino,D.A.,Hain,T.C.,&Gualtieri,F.(2009).Newtherapeuticmaneuverforanteriorcanalbenignparoxysmal
positionalvertigo.Journal of Neurology,256(11),1851–1855.https://doi.org/10.1007/s00415-009-5208-1

Yan,E.,&Kwok,T.(2011).AbuseofolderChinesewithdementiabyfamilycaregivers:Aninquiryintotheroleof
caregiverburden.International Journal of Geriatric Psychiatry,26(5),527–535.doi:10.1002/gps.2561PMID:20690132

Yardley,L.,&Smith,H.A.(2002).Prospectivestudyoftherelationshipbetweenfearedconsequencesoffallingand
avoidanceofactivityincommunity‐livingolderpeople.The Gerontologist,42(1),17–23.doi:10.1093/geront/42.1.17
PMID:11815695

Yesavage,J.A.,Brink,T.L.,Rose,T.L.,Lum,O.,Huang,V.,Adey,M.,&Leirer,V.O.(1982).Developmentandvali-
dationofageriatricdepressionscreeningscale:Apreliminaryreport.Journal of Psychiatric Research,17(1),37–49.
doi:10.1016/0022-3956(82)90033-4PMID:7183759

340

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use

https://www.who.int/ageing/publications/Falls_prevention7March.pdf
https://www.who.int/ageing/publications/Falls_prevention7March.pdf
https://www.dgs.pt/documentos-e-publicacoes/classificacao-internacional-sobre-seguranca-do-doente-png.aspx
https://www.dgs.pt/documentos-e-publicacoes/classificacao-internacional-sobre-seguranca-do-doente-png.aspx
https://www.w3.org/TR/WCAG21/


Compilation of References

Ytterstad,B.(1996).TheHarstadinjurypreventionstudy:Communitybasedpreventionoffall-fracturesintheelderly
evaluatedbymeansofahospitalbasedinjuryrecordingsysteminNorway.Journal of Epidemiology and Community 
Health,50(5),551–558.doi:10.1136/jech.50.5.551PMID:8944864

Zhang,C.,Hua,T.,Li,G.,Tang,G.,Sun,Q.,&Zhou,P.(2008).Visualfunctiondeclinesduringnormalaging.Current 
Science,95(11).

Zhang,J.,Wu,T.,Chu,H.,Feng,X.,Shi,J.,Zhang,R.,Zhang,Y.,Zhang,J.,Li,N.,Yan,L.,Niu,W.,&Wu,Y.(2016).
Saltintakebelief,knowledge,andbehavior:Across-sectionalstudyofolderruralChineseadults.Medicine (United 
States),95(31),e4404.Advanceonlinepublication.doi:10.1097/MD.0000000000004404PMID:27495056

Zhang,X.Y.,Shuai,J.,&Li,L.P.(2015,April).Visionandrelevantriskfactorinterventionsforpreventingfallsamong
olderpeople:Anetworkmeta-analysis.Scientific Reports,5(1),1–8.doi:10.1038rep10559PMID:26020415

Zhao,Y.,Shen,L.,&Ji,H.-F.(2012).Alzheimer’sdiseaseandriskofhipfracture:Ameta-analysisstudy.TheScienti-
ficWorldJournal,2012,872173.doi:10.1100/2012/872173PMID:22629218

Zheng,J.J.,Lord,S.R.,Close,J.C.,Sachdev,P.S.,Wen,W.,Brodaty,H.,&Delbaere,K.(2012).Brainwhitematter
hyperintensities,executivedysfunction,instability,andfallsinolderpeople:Aprospectivecohortstudy.The Journals 
of Gerontology. Series A, Biological Sciences and Medical Sciences,67(10),1085–1091.doi:10.1093/gerona/gls063
PMID:22403055

Ziv,G.,&Lidor,R.(2011).Music,exerciseperformance,andadherenceinclinicalpopulationsandintheelderly:A
review.Journal of Clinical Sport Psychology,5(1),1–23.doi:10.1123/jcsp.5.1.1

Zwarenstein,M.,Atkins,J.,Barr,H.,Hammick,M.,Koppel,I.,&Reeves,S.(1999).Asystematicreviewofinterprofes-
sionaleducation.Journal of Interprofessional Care,13(4),417–424.doi:10.3109/13561829909010386

341

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use





About the Contributors



Patrik EklundhasaPhD(1986)andhabilitation(1991)inmathematicsatÅboAkademiUniversity,
Finland.ProfessorinComputerScienceatUmeåUniversity,Sweden,since1995,bySwedishGovern-
mentnomination.

***

António AbranteshasaPhDinSociology-UniversityofÉvora,Professorspecialist-ScientificArea
ofDiagnosticTechnologiesandTherapeutics(Radiology/Imagiology).MasterDegreeinthescientific
areaofSociology-InterventionSocio-OrganizationalinHealth-AreaofSpecialization-HealthService
AdministrationandManagementPoliciesDegreeinRadiology.

Cidalina AbreuhasaPhDinEducationalPsychology,MScEducationalPsychology,DegreePsychol-
ogyandDegreeNursingAdjunctteacheratNursingSchoolofCoimbra;DepartmentofFundamentals
ofNursing;Memberof theAgeing@CoimbraOperationalGroup;MemberofEuropean Innovation
Partnership-ActiveandHealthyAgeingEIP-AHAAction2;MemberoftheEditorialBoardInterna-
tionalJournalofCaringSciences.

Rui Almeida,PhD,isProfessorattheMedicalImagingandRadiotherapyDepartmentandResearcher
atCenterforResearchandDevelopmentinHealth,UniversityofAlgarve,Faro,Portugal.Researcherat
CICS.NOVA.UÉvora,InterdisciplinaryCenterofSocialSciences,Évora,Portugal.

Daniel O. AshipalaisaseniorlecturerattheUniversityofNamibia,Schoolofnursing,General
Nursingdepartment.Hehaspublishedinawiderangeofnursingdisciplines,suchasnursingethics,
familyhealth,healthpolicy,mentalhealth,andNursingeducation.

Kevin AzevedoisaProfessorinMedicalImagingandRadiotherapyDepartmentfromHealthSchool-
UniversityofAlgarve.DiagnosticRadiographer inAlgarveUniversityHospital.BSc inDiagnostic
RadiologyPhDinPatientSafety.

Klenam Dzefi-TetteyisaConsultantRadiologistattheKorleBuTeachingHospitalandaParttime
LecturerattheSchoolofMedicineandDentistry,UniversityofGhana.SheisalsoaParttimeLecturer
attheSchoolofPeriOperativeandCriticalCareNursing,UniversityofCapeCoast;KBTHCampus.
SheiscurrentlytheHeadoftheRadiologyDepartment;KorleBuTeachingHospital.Sheisalsoavisit-

342

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



About the Contributors

ingScholartotheDepartmentofMedicalImaging,UniversityofHealthandAlliedSciences,Ho.She
isaFellowoftheWestAfricanCollegeofSurgeons,FacultyofRadiologyandwasthefirstFemale
RadiologistproducedbytheCollegeinGhanainOctober,2005.SheisalsoaFellowoftheGhanaCol-
legeofPhysicians.DuringhertrainingshehadaoneyearattachmentattheHospitaloftheUniversity
ofPennsylvaniaandChildren’sHospitalofPhiladelphia,allinPhiladelphia;USA.InJanuary2005,
shehadaCertificateinVascularImagingandDopplerUltrasoundattheThomasJeffersonUltrasound
ResearchandEducationInstitute(JUREI)attheThomasJeffersonUniversityHospital,Philadelphia,
USAandinMarch2005hadanotherCertificatein2D&3DObstetricsandGynaecologyUltrasound
alsoatJUREI.SheisaproductoftheSchoolofMedicalSciences,KNUST,Kumasiwheresheobtained
herBscHumanBiologyandMBCHBdegreesinDecember,1993and1996respectivelyandafter2
yearshousemanshipatKomfoAnokyeTeachingHospitalshemovedtoKorleBuTeachingHospital
inJune1999andworkedattheHematologyandChildHealthDepartmentsbrieflybeforejoiningthe
RadiologydepartmentasaResidenttraineeinOctober,2001.SheiscurrentlyGhana’srepresentative
(FacultyBoardmember)forWestAfricanCollegeofSurgeons;FacultyofRadiologyandFacultyBoard
Member,GhanaCollegeofPhysiciansandExamineratbothColleges.Shehascontributedsignificantly
totheResidencytrainingprogramattheRadiologyDepartmentandDepartmentofFamilyMedicine.Dr
KlenamDzefi-Tettey;istheChairperson,RadiologySubBMCDisciplinaryCommitteeandamember
ofKorleBuTeachingHospitalHouseCommitteeandtheVice-PresidentofAssociationofRadiolo-
gistsinWestAfrica(ARAWA).ShewasafoundingmemberoftheGhanaAssociationofRadiologists
(GAR)andimmediatepastTreasurerofGAR.HerspecialinterestisinNeuroradiologyandsheisan
AssociatememberoftheAmericanSocietyofNeuroradiology(ASNR),AmericanSocietyofHead&
NeckRadiology(ASHNR),AmericanSocietyofSpineRadiology(ASSR)andRadiologicalSocietyof
NorthAmerica(RSNA).SheisanassociatememberofEuropeanSocietyofRadiologists(ESR)and
amemberofGhanaMedicalAssociation(GMA).Shehasparticipatedinnumerousconferencesboth
homeandabroadandco-authoredsomeresearchpublicationsandhavesomeongoingresearches.She
hasorganizedseveralradiologicalupdatecourses.Herhobbiesarecooking,flowergardening,playing
tennis,andlisteningtoChristianmusic.

Wiam ElshamiisanAssistantProfessor,MedicalDiagnosticImagingDepartment,CollegeofHealth
Science,UniversityofSharjah.

Maria FarinhaisaMasterinPsychology-ProfessionalDevelopment,bytheUniversityofÉvora-
Portugal;NurseSpecialistinRehabilitationNursing.AdjunctProfessorattheSchoolofHealthatthe
UniversityofAlgarve-Portugal.

Maria FerreiraisaPhDinPsychology,FacultyofHumanandSocialSciences,UniversityofAl-
garve,Portugal(2017).MScinEducationalSciences,FacultyofEducationandPsychology,Católica
Lisbon - Universidade Católica Portuguesa, Portugal (2002). Specialist nurse in Child Health and
Pediatrics,NursingSchoolofCoimbra,Portugal(1993).Currentpositions:FullProfessor(Professora
Coordenadora)andDeputyDirectoroftheSchoolofHealthSciences,UniversityofAlgarve,Portugal.

Manuel Giraldez-GarciaisaProfessorofExercisePhysiologyPhDinMedicineandSurgerySpe-
cialistPhysicianinPhysicalEducationandSport.

343

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



About the Contributors

Philip GorlekuisaMedicalDoctor,Radiologist.HeaddepartmentofMedicalImaging,University
ofCapeCoast.Founder,KlintapsUniversityCollegeofHealthandAlliedSciences,Klagon-Tema,
Ghana.Specializes in curriculadevelopment and spearheading the implementationandadoptionof
ProblemBasedlearning(PBL)asthemainmodeofpedagogyinHealthandalliedhealtheducation,
especiallyMedicalimagingsciences.

Catherine Hayes isProfessorofHealthProfessionsPedagogyandScholarshipat theUniversity
ofSunderland.NationalTeachingFellowandPrincipalFellowofHigherEducationAdvance.Sheis
SecretaryoftheExecutiveBoardoftheInternationalFederationofNationalTeachingFellows.

Rafael Nogueira RodriguesisaPhDstudentinSportsScience,focusonExerciseandHealthAging;
MasterinPsychologyofDevelopmentandLearning(SãoPauloStateUniversity“JúliodeMesquitaFilho”
-UNESP/Bauru,SaoPaulo,Brazil,2018);BachelorandEducationalDegreeinPhysicalEducation(São
PauloStateUniversity“JúliodeMesquitaFilho”-UNESP/Bauru,SaoPaulo,Brazil,2015);Bachelor
DegreeinExerciseandWellness(CollegeofHealthSolutions,ArizonaStateUniversity,USA,2014).

Albert Pierssonisaqualifiedradiographerwithawideclinicalexperienceinvariousdiagnostic
imagingmodalities,includinggeneralx-ray,generalandpracticaldopplerultrasound,computedtomog-
raphy,magneticresonanceimaging,andechocardiography.Additionally,hehasexceptionalskillsin
non-invasivevasculartechnology,and12-leadelectrocardiogram.Hisclinicalexperienceandtechnical
Deputy/HeadofDepartmentpositionspannedoveradecadecommencingfromtheBolgatangaRegional
Hospital,WarMemorialHospital,ZebillaDistrictHospital,allintheUpperEastRegion,andTamale
TeachingHospitalintheNorthernRegionofGhana.AlbertcommencedhisMScwithaspecialtyin
MRIstudywhilstworkingclinicallywithaviewtopursuingacademia.HecommencedteachinginUni-
versityofCapeCoastmovingintofulltimeacademiain2016.Alberthasabroadteachingandresearch
interestinvariousmodalitiesacrossthemedicalimagingsciences.Hehaspeer-reviewedarticlesand
bookchapterspublishedininternationaljournalsandapublishingcompanyrespectivelytohiscredit.
HeteachesintheundergraduateBachelorofScience(DiagnosticImagingTechnology),andBachelor
ofScience(DiagnosticMedicalSonography).HeiscurrentlypursuingaPhD(DiagnosticImaging)at
theNationalUniversityofMalaysia,inKualaLumpur,Malaysia.HisPhDresearchfocusesontheap-
plicationofneuroimagingincognitiveimpairment.

Anabela de Ribeiro is a PhD in Health Sciences, Faculdad Medicina, Universidad de Murcia;
MasterinMedicalImaging,UniversityofAlgarve;DegreeinRadiology,PolytechnicInstituteofPorto;
Post-graduationinEconomicsandManagement,FacultyofEconomics,UniversityofAlgarve;Invited
AdjunctProfessoratHealthSchool,UniversityofAlgarve.CoordenatoroftheRadiolgyDepartment,
UnitofPortimão,AlgarveUniversityHospitalCenter.

Lotta Seppala,MSc,isaPhDstudentattheAmsterdamUMC,locationAMC,UniversityofAm-
sterdam.Furthermore,sheisthesecretaryoftheEuropeanGeriatricMedicineSocietyTaskandFinish
Grouponfall-risk-increasingdrugsandisamemberofaworkinggroupregardingfall-risk-increasing
drugsandpolypharmacyintheanticipatedWorldFallsGuideline.

344

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



About the Contributors

Carlos SilvaisaFullProfessor,DepartmentofMedicalandHealthSciences,SchoolofHealthand
HumanDevelopment,UniversityofÉvora,Portugal;Aggregation/HabilitationinSociology,Sociol-
ogyofHealthandOrganization;PhDinSociologyandMasterinSociology,BScinAppliedSocial
Research,BScinRadiology.

Fernanda Silva,borninCoimbra,isaPhDstudentinSportSciences-PhysicalActivityandHealth
attheFacultyofSportsScienceandPhysicalEducation,UniversityofCoimbra.MasterinPhysicalAc-
tivity(InstitutePolytechnicofCasteloBranco,2019).Bachelor’sdegreeinSportandPhysicalActivity
(InstitutePolytechnicofCasteloBranco,2016).WorksintheareaofMedicalandHealthScienceswith
anemphasisonHealthSciences.

Ana Maria TeixeiraisAssociatedProfessorattheFacultyofSportsScienceandPhysicalEducation,
UniversityofCoimbra,Portugal,coordinatorofthePhDCourseinSportsScienceandmemberofthe
ScientificCounciloftheFaculty.SheisamemberoftheoperationalgroupoftheAgeing@Coimbra
consorsiumandmemberoftheEuropeanInnovationPartnershiponActiveandHealthyAging;President
oftheInternationalSocietyforExerciseandImmunology,memberoftheEuropeanCollegeofSport
ScienceandmemberoftheEditorialBoardofCoimbraUniversityPress.ShewasPresidentoftheEx-
ecuteCounciloftheSportSciencesandPhysicalEducationFacultyfrom2002to2006.Mainresearch
fieldisexerciseimmunology,namelyontheInfluenceofexerciseinageingoftheimmunesystem,on
healthpromotionintheelderlywithemphasisonhormonalmediationofexerciseoncognition,mucosal
immunityandchronicdiseases.Shealsoworksonathlete’shealthandpreventionoffatigue.Shehas
supervisedseveralMScandPhDstudentsinthefieldofexerciseandimmunology.Authorofmore
than100articlesandbookchapterspublishedinscientificjournals,aswellasmultipleconferencesand
lecturesatinternationalscientificmeetingsintheareaofhealthpromotionandsportscience.

Nestor TomasisalecturerattheUniversityofNamibia,Schoolofnursing,GeneralNursingdepart-
ment.Hehaspublishedinawiderangeofnursingdisciplines,suchasnursingethics,familyhealthand
Nursingeducation.

Theolinda N. Tomasisanoccupationalnursewithextensivehands-onexperienceinGeneralnursing,
PrimaryHealth,andOccupationalnursing.ShecurrentlyworksatOhlthaver&List,HanganaSeafood
clinic,Walvisbay,Namibia.Shehasaninterestinnursingeducationandmanagement.

Nathalie van der VeldeisgeriatriciananddirectorofthegeriatricmedicinefellowshipoftheAm-
sterdamUMC,locationAMC,theNetherlands.SheisalsoaprofessorattheUniversityofAmsterdam
andleaderoftheresearchline‘person-centredfalls&fractureprevention’attheAMC.Furthermore,she
isco-chairingtheAmsterdamPublicHealthInstitutions’researchprogramme“AgingandLaterLife”.
ShechairstheDutchNetworkofFallsClinics,thenationalguidelinecommitteeonfallspreventionand
theannualDutchFallsConference.Furthermore,onaninternationallevelshefoundedtheEuropean
GeriatricMedicineSocietyTaskandFinishGrouponfall-risk-increasingdrugsandisacorecommittee
memberoftheanticipatedWorldFallsGuideline.

345

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



About the Contributors

Bianca VicentehasadegreeinMedicalImagingandRadiotherapyatUniversityofAlgarve.Master’s
studentinHeathTechnologyAssessmentandManagementinLisbonSchoolofHealthTechnology.PhD
studentinHealthSciencesatUniversityofHuelva.

Luis Vieira RibeiroisaPhDinPhysicalActivityandHealth,MasterinDevelopmentandMotor
Adaptation,DegreeinSportSciencesandPhysicalEducation,byUniversityofCoimbra-Portugal;
MasterinMedicalImaging,byUniversityofAlgarve;DegreeinRadiology,byInstitutoPolitécnicode
Coimbra;GraduateinEconomicsandManagementofHealthOrganizations-byUniversityofCoimbra
-Portugal;AdjunctProfessorattheSchoolofHealthattheUniversityofAlgarve-Portugal;Currently
DirectoroftheSchoolofHealth,UniversityofAlgarve.

346

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use





Index



A
ActiveandHealthyAgeing23,26,30,41,51-52,54,

57,59,65,250,257,260-261,277
Adversedrugreactions67,69,71,73,110
AerobicExercise130,137-138
Ambulation1,6,20
assessmentmethods49
assessmenttools157,159,162,182,191

B
Bedrest91-99,103,106,173
BMD77,79-82,84
Bonedensity77,79,82,88
builtenvironments35,44

C
Caregivers23,38,41,44,48,69,100,112,127,129,

171-172,174-175,177,251,255
CognitiveAssessment61,188-189,194,199
cognitiveimpairment32,52,55-56,59,61-62,103,

107-108,110,117,120,122-123,126,131-132,
135-136,148,152,188-189,194

CommonAssessmentFramework250,260
Computed Tomography 107, 112, 117, 119, 123,

125,153
co-operations157
Countermeasures91-92,95,98-99,102,104-105

D
Deterioration1-2,4-6,12,20,33,92,131,133-134,185

E
EnvironmentalAssessment162,191,199
Error208,217-218

EuGMS67,69-76,101,251,255
Exercise6,9,11,18,27,30,32,55,62,68,72,79,

86-87, 89, 92-93, 96-100, 104-106, 131-156,
159,161-165,188,192,194,196,198,237-238,
240-241,244,247

F
Fallmonitoring182
FallPreventionStudies159,162,223-224
FallPreventionWebsites223
FallRisk17,29,53-55,67-72,74-75,77,122-123,

126-127,130,135-140,142,146,150-151,155,
159-165,168,176,182,184,186,191-193,195,
197-199,239,251,255,277

Fall-risk-increasingdrugs67-69,73,75,251,261
FallsPrevention1-2,7-8,19-20,32-33,42,59,68-74,

100,128,157-159,161-167,169-181,183,193,
237,250-251,255,258,260,262,277

fallsriskassessment21,157,191,277
Frailty14,17,19,27,30,42-43,50-51,53,58-60,

65,69,71,88,91-93,97,99-100,102-105,132,
146-148,150,153,175,187,192-193,195-196,
199,250-251

FRID71,74,76,251

G
Geriatricians171
Gerontologists171
Gerontology1-2,15-18,20,50,55,58,60-61,63,65,

88,100,103-105,119-121,123,125,127-129,
147,150,152-153,155,168,171,174-175,177-
178,180,195-198,240

H
HealthAssessment182,184,199,251
HealthCare22,27,29,32,36-37,41,48-49,58-59,69,

347

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use



Index

73,79,91-92,157-165,172-174,176-177,179,
183-184,201,203,216-221,243,246

healthcareprofessional157,162,172,174

I
ICD267,279
ICF263-268,270,272,274,279
ICHI267,279
Integratedcare1,21,23,25,27-28,33,35,50,55,59,

65,92,250-251,258,260,263-264,267,277-278
Interprofessionaleducation18,171,173-174,179-181

M
Magnetic Resonance Imaging 107, 114, 116, 124,

126-127
malnutrition21,30-31,38,57,91-92,97,105,251
Maturity250-251,255-256,258-260
MildCognitiveImpairment32,55-56,59,61-62,107-

108,120,123,126,152,188-189,194
Morbidity2,7,17,20,23,77-78,97,131,136,146,

172-173,193,199,244,248,267
Mortality2,7,17,20,23,33,38,42-43,56,58-60,75,

77-78,88-89,97,108,129,131,146,151-152,168,
172-173,185,193,195-196,199,241,248,267

Multicomponent Exercise 131, 137-138, 144-146,
150,155

N
Neuroimaging107-109,112-113,117,121-122

O
olderadults1-4,7,9-13,15-22,27,30,32-33,38-39,

41,43,49,51-56,58-59,61,63-71,73-76,90,
101,104,109,111-114,116,118,120,123-127,
129,131-134,136-138,140,142,145-165,167-
169,173,176,180,183-184,187-189,193-199,
237-240,242-244

Orthostaticintolerance91,93-95,97-102
Osteoporosis13,57,64,73-74,77-79,81-84,86-90,

103,114,117,121,124,163,192,260

P
Patient-centered167,172,177-178
PharmacologicalAssessment182,190,199
PhysicalActivity9,17,23,28,30,39,53,58,65,77,

82-90, 92, 96, 98-99, 101, 103-104, 130-131,

135-140,145-152,155-156,163-164,167,187,
192,196-197

PhysicalAssessment199
physicalinactivity21,30,40,102-104,131,135,245
Physiologicaldeconditioning91-96,99
Physiology1,4,12-14,17,20,63,90,100-106,147-

149,151-153,266
Polypharmacy13-14,16,19-21,29,49,60,69,71,94
PositronEmissionTomography107,109,113
Postmenopausalwomen77,83-84,88
PsychologicalAssessment182,188,199
Psychology8,19-20,156,171,173,181,197,240,

251,262,266

Q
Quantale263,271-274,276,279
QUS77,80

R
regionalpolicies21-22,41,177
Re-mobilization98,100

S
Screening17,30-32,51,58,61-62,70,75,77,79-80,

82,86,88,92,99-100,127,142,159,162,164-
165,168,176,184-185,188-189,191,193-194,
198,246,277

Semigroup271-273,276,279
sensorialimpairment21
Societalchallenges242
Spaceflight91-102,104-105
StrengthExercise130

U
Upscaling250,258-259,264,277

W
WHO5-7,13,24,27-28,33,35-38,43,45,48,56,

64-66,68,72-73,76-79,82-85,91-92,97,108-
109,111-113,127-128,131,134,140-141,143,
145,155,159,162,164,170,172-173,180-181,
183,185,191-192,198,201-203,215,222,242-
243,246,248-249,257-258,261,264-265,267,
277-279

348

 EBSCOhost - printed on 2/10/2023 8:29 PM via . All use subject to https://www.ebsco.com/terms-of-use


	Cover
	Title Page
	Copyright Page
	Book Series
	Table of Contents
	Detailed Table of Contents
	Preface
	Chapter 1: Twin Contributors to the Physiology of Ambulatory Wellbeing and Falls Prevention in Ageing Populations
	Chapter 2: Integrating Social and Health Services for People, Communities, Homes, and Places
	Chapter 3: Fall-Risk-Increasing Drugs
	Chapter 4: Bone Density and Fall Risk Screening in Algarve
	Chapter 5: Effects of Spaceflight, Aging, and Bedrest on Falls
	Chapter 6: The Role of Neuroimaging in Fall Prevention in Healthy Adults at Risk of Alzheimer's Disease
	Chapter 7: Fall Risk and the Use of Exercise as a Fall Prevention Strategy
	Chapter 8: Fall Prevention in Education and Training of Healthcare Students, Professionals, and Non-Professionals
	Chapter 9: Fall Prevention Education
	Chapter 10: Health and Fall Risk Monitoring Within Common Assessments
	Chapter 11: Patient Safety
	Chapter 12: Fall Prevention Activities and Resources in Norway
	Chapter 13: Falls and Fall Injuries as Societal Challenges in Namibia
	Chapter 14: Integrated Care in Prevention
	Chapter 15: Information and Process in Health
	Compilation of References
	About the Contributors
	Index

