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The work presented here is a summary of our work for the
Swiss Best Practice Health Promotion [54]. We provided
the current evidence for fall prevention, one of five subgroups
of
the
Best
Practice
project
(www.gesundheitsfoerderung.ch/bpgfa). These consolidated scientific findings are intended to provide a basis for
new national recommendations for the implementation of
fall intervention measures for vulnerable older people. Additionally, over the next two years, with the help of an expert working group, these findings are to be translated into
hands-on practical tools, such as brochures, guidelines and
training programmes.

Summary
During the 20th century Switzerland, like many other
Western countries, experienced significant ageing of the
population over the age of 65. As the lifespan of the Swiss
population increases, so does the prevalence of falls. A
multiplicity of fall prevention programmes are available,
but extracting their most effective components remains a
challenge. This article summarises the results of current
studies on fall prevention, with a particular focus on methodological quality and successful reduction of fall incidence in vulnerable older people. Characteristics of effective
fall prevention programmes in the fields of exercise, home
modifications, appropriate footwear and walking aids are
assessed. We then briefly discuss how these study results
can be adapted to the Swiss context. This knowledge emphasises an interdisciplinary approach in the prevention of
falls, the objective being to reinforce autonomy, promote
health and enhance quality of life in vulnerable older
people.
Key words: falls; fall prevention programmes; older
adults; fall risk factors; Swiss health promotion

Introduction
Switzerland, like most other Western countries, experienced rapid growth of the population over the age of 65 during the 20th century [1]. Currently, persons aged 65 years
and over account for 16.6% of the permanent resident population. According to projections of the Swiss Federal Stat-
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istical Office [1], in about 40 years almost every third person will belong to this age group. This development is the
result of a declining birth rate and a continuously increasing lifespan. As the lifespan of the Swiss population continues to rise, so does the prevalence of falls.
Approximately one third of individuals over the age of 65
fall at least once during a one-year period [2, 3]. This increases to nearly half in people over the age of 80 [3]. In
addition to the heavy financial burden on the public health
care system, falls and fall-related injuries affect the quality
of life of older people due to restricted mobility and functional decline [4, 5]. Hip fractures in particular, with a oneyear mortality of 22%, create a significant and increasing
burden of illness for older persons in Switzerland [6]. In
addition to physical injury, falls can have major psychological and social consequences, such as fear of falling [7, 8].
The majority of falls in older people are not usually the
result of a single cause, but rather a combination of interacting factors [9, 10]. Numerous studies with either prospective or retrospective designs have identified a multitude of risk factors for falling [2, 11–14]. These factors
have been broadly classified into intrinsic (e.g. poor balance, muscle weakness, impaired gait, low vision) or extrinsic factors (e.g. environmental hazards, inappropriate
footwear). Understanding these risk factors is an important
step in planning fall prevention strategies.
A variety of fall prevention programmes targeting older
persons have been established in recent years. These prevention programmes have used either a single intervention
strategy such as exercise, home hazard assessment with
modifications, vision assessment with correction and medication management, or a combination of single interventions in a multifactorial approach. However, it is not yet
clear which interventions are the most beneficial for vulnerable older people.
In this systematic literature review we summarise the results of current studies on fall prevention, with a particular
focus on methodological quality and successful reduction
of fall incidence in vulnerable older people. We focused on
single intervention studies to be able to isolate possible effects of one component of these intervention programmes.
We limited our review to fall prevention interventions specifically targeting vulnerable older people, since they are
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likely to benefit most. We then discuss how these study results can be interpreted in the Swiss context.

documented the number of falls (i.e. by falls calendars)
were examined.

Literature search

Article selection
Two research authors screened title, key words and abstracts of identified studies for possible inclusion (YJG,
IW). From the full text, those authors independently assessed potential eligibility for inclusion of papers concerning exercise, plus home modifications, appropriate footwear and walking aids. Any disagreement was resolved by
discussion between the two authors or by a decision of
a third author. Due to time, personnel and financial constraints, additional risk factors could not be included in the
scope of this article.
The results were summarised qualitatively in a table and
stratified according to type of intervention (exercise, home
assessment and modifications, footwear and walking aids).
We view this table of summarised studies as a valuable reference tool for those planning fall prevention programmes
or studies (for further details see tables S1 - S3 published
as separate PDF files: table S1 - table S2 - table S3).

Search strategy
Studies were identified by conducting a computer-based
literature search using PubMed, MEDLINE, CINAHL and
EMBASE electronic databases. References from current
fall prevention guidelines and books were also examined
[12, 15–17]. Papers recommended by experts in the field
of fall prevention and scientific colleagues were also considered. The search included papers and abstracts from
January 1990 to August 2010. Inclusion criteria for this
review were as follows: randomised controlled trials of
single interventions and non-experimental studies published in English, German or French. We included multifactorial fall prevention programmes if either exercise,
home modifications, appropriate footwear or walking aids
were individually assessed in separate intervention arms.
The targeted populations were vulnerable older people, described by terms often used to describe pre-frail older
people, such as risk of falling, history of falls or transitioning to frailty. However, given the heterogeneity of the population enrolled in some of the studies reviewed, and inconsistent methodologies regarding the definition of pre-frail
older people (e.g. the Fried [18] criteria), we refrained from
describing the study populations as pre-frail and instead
used the term vulnerable.
Older people of both genders living alone were included.
We also included one study [19] in which the participants
were living in senior housing communities that included
a continuum of care, because they displayed the physical
capabilities (e.g. ADL and functional independence) of a
vulnerable population. Participants in one study [20] lived
in a residential care facility with no details provided on care
status. In view of their ability to participate in a 12-week
exercise programme, we considered this population appropriate for inclusion. Study participants were aged 65 or
over. Only trials designed to assess fall prevention which

Quality assessment
Quality assessment of the articles included was based on
the Physiotherapy Evidence Database (PEDro) methodological quality score (table 1) [21]. Randomised controlled
trials indexed on PEDro are rated according to an 11-item
scale [22]. Ten of the 11 scale items, excluding one item
pertaining to external validity, contribute to the total PEDro
score (range 0–10 points). The higher the score, the better
the methodological quality [23].
A multidisciplinary group of health professionals met at a
network congress of the Swiss Health Promotion institution
(www.gesundheitsfoerderung.ch/bpgfa) to discuss the results of this systematic literature review. The feedback was
included in the discussion section of this paper.
Interventions to prevent falls
Our initial literature search identified 3137 articles. Removal of duplicates and unsuitable papers based on information in the title or abstract resulted in 250 relevant articles.
After thorough review of the full text of these articles, 33
of them fulfilled our eligibility criteria and were included
in this review (fig. 1).

Exercise as a single intervention
approach

Figure 1
Flowchart for illustration of literature search and selection.
In this paper we will first present the information summary
regarding intrinsic factors (exercise as a single intervention
approach to reduce falls) followed by extrinisic factors (home
assessment and modifications, footwear and walking aids, each as
a single intervention approach to reduce falls).
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This section summarises the characteristics of 26 exercise
trials which were compared with each other to distinguish
substantive characteristics for prospective exercise interventions in Swiss fall prevention. Overall the exercise trials
showed a 14–47.5% reduction of fall rate for the intervention groups. The duration of the exercise trials ranged from
five weeks to two years.
Population characteristics of the exercise trials
identified
The 26 exercise trials were conducted in eight countries (n
refers to the number of trials): Australia (n = 4), England
(n = 1), Finland (n = 1), Japan (n = 3), Korea (n = 1),
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the Netherlands (n = 3), New Zealand (n = 4), Taiwan (n
= 1) and the USA (n = 8). Most of these exercise trials
were carried out in an urban setting (n = 20). In total, 7707
participants were recruited from emergency wards, fracture clinics, hospitals, physiotherapists’ practices, primary
care providers, general practitioners, nurses, receptionists,
researchers and others. Most of the exercise trials used patient files, plus population, resident and electoral registers
for recruitment.
The study populations consisted of older communitydwellers living independently at home, in congregate housing, living facilities, self- and intermediate-care retirement
villages, long-term care centres, senior housing communities and residential care facilities. Most of the exercise trials
included more women than men (n = 20) with a range of
51.0% to 94.5% women. The mean age of study populations was between 69.0 ± 6.5 and 88.0 ± 3.0 years, and
the size of the intervention groups ranged from 31 to 472
persons. The populations were heterogeneous in terms of
physical health, for example, number of prescribed medications, cardiovascular complications and the presence of
vision or hearing impairments.
Intervention characteristics of the exercise trials
identified
Exercise frequency ranged from one to six sessions per
week (n = 23 consisted of one to three sessions weekly)
with a session duration of 30 to 120 min. The exercise sessions often consisted of a warm-up phase which lasted from
five to 15 minutes (n = 8) and a cool-down phase which
lasted five to ten minutes (n = 8). Common sites for the exercise sessions were ambulatory care centres, community
or facility rooms, medical centres and at home. Exercise trials were with groups (n = 14), individuals (n = 3) or both
individual and in groups (n = 5). The size of the exercising
groups ranged from five to 20 participants.
Interventions took place in the following major categories:
balance (e.g. one-leg stance), skeletal muscle strength (e.g.
squats), gait (e.g. trail walking exercises), mobility (e.g.
walking over doorsteps), coordination (e.g. dance steps),
flexibility (e.g. stretching), endurance (e.g. on a treadmill)
and functionality (e.g. sit to stand). A variety of exercise
equipment was used such as strengthening machines, bicycle ergometers, balance boards, chairs, balls, elastic
bands, as well as foot, hip and ankle weights. The trials
analysed reported exercise supervision by qualified exercise instructors, licensed physiotherapists, nurses, occupational therapists, health therapists and tai chi masters.

The reported dropouts in the exercise trials were due to
health problems (n = 15), death (n = 11), moving away (n
= 7), institutionalisation in long-term care or hospitals (n
= 7), conflicting schedules (n = 6), loss of interest (n = 4),
transportation problems (n = 2), falls (n = 2), family commitments (n = 2), cognitive decline (n = 1), depression (n
= 1), surgery (n = 1) and other reasons (n = 6). Only a
few trials reported means of achieving long-term adherence by, for example, integrating musical (n = 4) or social
components (n = 2). Music from the past of the participants
was used to stimulate memories [19] and for accompaniment [24]. Social components consisted of recreational tea
breaks [25] or sitting together over a drink [26].
Effective components of exercise interventions
Of the 26 total exercise intervention trials in this review,
these six are focused on separately because of their high
methodological quality (>5 of 10 points on the PEDro
scale), large sample size (n >35 in the intervention group)
and large fall prevention effect (>30% fewer falls during
intervention period) (table 2). Compared to the other 20
exercise interventions, these six exercise interventions not
only consisted of one to three supervised exercise sessions
per week, but also at least two additional individual exercise sessions at home. On average, the weekly, usually
supervised group exercise duration was higher at 60–180
minutes, whereas additional individual exercises at home
were conducted for 15–35 minutes. Exercise interventions
lasted from at least five weeks to one year and were held in
smaller groups of nine to 12 participants. The exercise intensity was similar to the other 20 interventions and often
stated to be moderate. Exercise of the six outstanding studies predominantly aimed to increase muscle strength in the
lower extremities as well as to improve balance, gait, mobility and functionality.
It was evident from all exercise interventions that monitoring exercise intensity is of the utmost importance to
guarantee success. Progress, regular individual review (e.g.
based on exercise protocols) and tailored adjustments form
the basis of a successful and safe exercise intervention. Including social components in the interventions is important
because it seems to improve adherence. A positive example
of the integration of several of the above-mentioned components can be found in a recent Swiss study (published
after completion of our systematic literature review) which
reported a significant reduction in the fall rate of older

Table 1: Physiotherapy Evidence Database (PEDro) methodological quality scores of all included studies [21].
PEDro score1

Intervention studies

8 / 10

Barnett et al. [55], Campbell et al. [30], Campbell et al. [56], Logghe et al. [57], Robertson et al. [58]

7 / 10

Buchner et al. [59], Lannin et al. [32], Rubenstein et al. [60], Voukelatos et al. [61], Wolf et al. [62], Yamada et al. [63]

6 / 10

Cumming et al. [31], Day et al. [34], Faber et al. [26], Iwamoto et al. [64], Lord et al. [65], Luukinen et al. [66], Skelton et al. [67], Weerdesteyn et
al. [68], Wolf et al. [69]

5 / 10

Choi et al. [20], Li et al. [24], Lin et al. [33], McKiernan FE [45], Means et al. [70], Morgan et al. [71], Stevens et al. [35]

4 / 10

Campbell et al. [72], Lin et al. [73], Lord et al. [74], Nowalk et al. [19]

N/A

Inokuchi et al. [25]

1

Scores range from zero to ten, higher score represents better methodological quality.
Ten of the 11 PEDro scale items of methodological quality are scored: randomisation, concealed allocation of subjects, baseline similarity of groups, blinding of
participants, blinding of assessors, adequate follow-up (more than 85% of participants), intention to treat analysis, between-group statistical comparison, point measures
and measures of variability; eligibility criteria specified is not scored.
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people after their participation in a multi-tasking, rhythmic
movement intervention to music [27].
High participation rates also depend on the dedication and
motivation of the instructor, group composition and positive reinforcement by family members and general practitioners. Besides advertising or direct contact with older
people, general practitioners may also have a pivotal role
in recruitment of the targeted population. Additionally, exercise interventions must be feasible for vulnerable older
people with respect to accessibility, financial means and
personal schedules.
The success of any exercise intervention for fall prevention
in vulnerable older people depends on the contents discussed above, but also duly bearing in mind distinct anthropometrical, socioeconomic, civil, ethnical, seasonal and
educational data. The beneficial interaction between exercise, nutrition and supplementation (for example, proteins and vitamin D) has also to be considered in regard to
functionality and quality of life in vulnerable older people
[28, 29]. The latter information is missing throughout most
of the trials investigated and highlights the complexity of
designing a tailored and targeted exercise trial.

Home assessment and modifications
as a single intervention approach
Six randomised controlled trials of home assessment and
modifications were identified as a single intervention for
evaluating environmental risk factors with the aim of reducing fall rates. These studies have reported inconsistent
findings with only two showing a significant reduction in
falls [30, 31]. Campbell et al. [30] found that there were
41% fewer falls in the intervention group compared with
those who did not receive the home safety programme. The
intervention in the study by Cumming et al. [31] reduced
falls by 36% among participants with a history of falls.
The characteristics of the home modification studies included are presented in table 3. Countries of origin were (n
refers to the number of trials): Australia (n = 4), New Zealand (n = 1) and Taiwan (n = 1). Participants in these six
studies included community-dwelling individuals over the
age of 65 [31-33], 70 [34, 35] or 75 [30]. Campbell et al.
[30] targeted persons with severe vision impairment. Falls
were monitored between a follow-up of three to 18 months.

Table 2: Characteristics of six particularly good exercise intervention trials.
Study

Participants 1 Intervention components

Adherence rate

Supervision

Main fall outcome

PEDro
Score

Median of attended
exercise classes by
exercise group was
23 out of 37.

Three
accredited and
experienced
exercise
instructors.

The rate of falls in the
intervention group was
40% lower than that of the
control group (IRR = 0.60,
95% CI 0.36-0.99).

8 / 10

44% of the exercise
group were
exercised at least
3x/wk.

Four home
visits by a
physiotherapist
in the first two
months of the
study.

The relative hazard for all
falls for the exercise group
was 0.69 (95% CI
0.49-0.97).

8 / 10

Robertson et n = 240
Exercise programme run from a home health service based in
al. (2001)
age >80 years a geriatric assessment and rehabilitation hospital.
[58]
older people
3x approx. 30 min/wk and walking 2x/wk for 1 year.
Muscle strengthening (ankle cuff weights), balance retraining
exercises and walking plan.

43% performed the
prescribed exercises
≥3x/wk, 72% at least
2x/wk.

Trained district
nurse without
previous
experience.

A 46% reduction in the
8 / 10
number of falls for exercise
group (IRR = 0.54, 95% CI
0.32-0.90).

Skelton et al. n = 81
(2005) [67]
age >70 years
frequent
female fallers

Individually tailored and targeted Falls Management Exercise
(FaME) with Otago exercises core.
1x 60 min/wk for 36 wks and 2x 30 min/wk home exercises.
Reduction of asymmetry in strength of the lower limbs with
Otago exercises core. The exercise classes were balance
specific, individually tailored and targeted training for dynamic
balance, strength, bone, endurance, flexibility, gait and
functional skills.

68% chose to
continue exercising
after the trial
(implying high
adherence to the
original
programme).

Qualified
exercise-forthe-olderperson
instructor with
additional
FaME training.

A 31% reduction in the
6 / 10
number of falls during the
whole trial period for the
exercise group (IRR = 0.69,
95% CI 0.50-0.96, p =
0.029).

Weerdesteyn n = 107
et al. (2006) age >70 years
[68]
with a history
of falls

Low intensity Nijmegen Falls Prevention Programme
Attendance rate of
2x 90 min/wk for 5 wks.
87%.
Balance, gait (with additional motor and cognitive tasks)
coordination in obstacle course with mimics of ADLs and
potential fall risk (i.e. walking over doorsteps, stepping stones,
uneven pavement, different ground surfaces). Practice of fall
techniques.

N/A

The number of falls in the
exercise group decreased
by 46% (IRR = 0.54, 95%
CI 0.34-0.86).

6 / 10

The rate of falls/risk of
multiple falls was reduced
by 47.5% (RR = 0.525, p =
0.01), adjusted.

6 / 10

Barnett et al. n = 163
(2003) [55]
age >70 years
at-risk for
falls

Campbell et
al. (1999)
[56]

Wolf et al.
(2003/1996)
[69]

Class addressing physical fall risk factors designed by
physiotherapist.
1x 60 min/wk for 1 year + home exercises.
5-10 min warm up: stretches, balance, coordination (modified
Tai Chi, stepping, dance steps), aerobic capacity, muscle
strength (body weight), functional exercise (sit to stand,
weight transference, reaching). 10 min cool down. Music
used.

n = 152
Individually tailored muscle strengthening and balance.
age >80 years 3x 30 min/wk and walking outdoors ≥3x/wk for 1 year.
older women Moderate strengthening with ankle cuff weights (0.5/1.0 kg):
Walking on toes / heels, walking backwards / sideways /
turning round, stepping over an object, bending and picking
up an object, stair climbing at home, rising from sitting to
standing.

n = 200
Tai chi improving movement limitations of older people.
age >75 years 2x individual contact time of 45 min/wk and 2x 15 min/d at
older people
home for 15 wks.
Synthesis of 108 forms into 10, emphasising components of
movement typically limited with ageing.

Attendance in the
Tai Chi
Tai chi group was
instructors.
76% (SD 19) (range:
6-100%).

1

Age of participants only from intervention groups.
ADL: activities of daily living; CI: confidence intervals; IRR: incidence rate ratio; min: minutes; N/A: not applicable; RR: rate ratio; SD: standard deviation; wk(s): week(s).
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Home assessment is an essential part of this single intervention approach. Four different assessment tools were
used throughout the six trials of which two were specifically designed on the basis of published papers and existing
checklists [33, 35]. The two successful fall prevention trials
used the same validated and reliable home assessment form
(table 3).
In four studies a single home visit took place to identify
and modify potential fall risk factors [32–35]. These four
studies showed no effect in reducing fall rate. The two studies that led to a reduction in fall rates included a followup contact to check whether suggested home modifications
had been implemented. In one study, a second visit was
conducted to check the equipment installed [30]. In the
study by Cumming et al. [31] an occupational therapist
called all participants two weeks after the assessment to
check home modifications and to encourage adherence to
recommendations. It thus seems reasonable to verify the recommended modifications after a certain time span. A telephone call may represent a cost-effective option for followup contact.
In the four ineffective trials, the intervention was conducted by trained nurses or public health workers. The two
effective interventions were done by occupational therapists. The intervention in the study by Cumming et al. [31]

was effective only among participants who reported having had at least one fall in the previous year. However, in
this group falls outside the home were also significantly reduced. Similar results were presented by Campbell et al.
[30] with no significant difference in the reduction of falls
at home compared to those outside the home. This suggests
that an effect may not be caused by the home modifications
alone but also partly depends on professional advice by the
occupational therapist.
Adherence is an important aspect of interventions. It was
evaluated in three [30, 31, 35] of the six studies and varied
between 13% and 90%. The most commonly recommended
home modifications were: removal of obstacles, rugs and
mats, installation of grab bars or rails, improvement of poor
lighting, use of non-slip bathmat, repair of damaged flooring and fitting of contrast edging to steps. It is known from
clinical practice that home assessments and modifications
are poorly accepted by older people. Older people’s self
perception of fall risk is often quite different from that of
the health professional. Acceptance of suggested modifications can be facilitated by establishing a good relationship
between the target person and the health professional. Help
from a health professional or the relatives can also support
adherence to home safety recommendations.

Table 3: Characteristics of home assessment and modifications studies.
Study

Participants

Intervention

Adherence to
Main fall outcomes
recommendations

Comments

PEDro
Score

Campbell et al. n = 391
Modified version of the Westmead Home
(2005) [30]
age ≥75 years Safety Assessment by OT, provision of
poor vision
equipment, payment and supervision
(second visit, telephone call).

90% adherence to
one or more of the
recommendations.

Effective in reducing falls No significant difference in the
(IRR = 0.59, 95% CI
reduction of falls at home compared
0.42-0.83).
with those away from the home
environment.

8 / 10

Cumming et
al. (1999) [31]

n = 530
age ≥65 years
most were
recruited
while
inpatient at
hospital

Westmead Home Safety Assessment by
OT, facilitated any necessary home
modification, supervision of home
modifications (telephone call).

Adherence at 12
months ranged
from 19%-75%.

Effective in previous
fallers (RR = 0.64, 95%
CI 0.50-0.83). Not
effective in previous
non-fallers (RR = 1.03,
95% CI 0.75-1.41).

Home visit was effective in reducing
risk of falling at home and away from
home in previous fallers.

6 / 10

Day et al.
(2002) [34]

n = 1090
age ≥70 years
rated their
health as
good to
excellent

Home assessment by trained assessor,
home hazards were removed or modified
either by the participants themselves or
via the City of Whitehorse's home
maintenance programme (provision of
materials and labour for providing
modifications).

N/A

Not effective in reducing
falls (RR = 0.92, 95% CI
0.78-1.08).

Number of hazards was significantly
reduced in the intervention group.
Effective in combination with exercise
(p = 0.02) and in combination with
vision (p = 0.07). Strongest effect: all
three interventions together (p =
0.004).

6 / 10

Lannin et al.
(2007) [32]

n = 10
age ≥65 years
recruited
while
inpatient at
rehabilitation

Westmead Home Safety Assessment by
OT, advice for home modifications and
equipment. Education: focussed on safe
performance of activities in and around
home.

N/A

One of the intervention
participants fell within
two weeks of discharge.
Two of the control
participants fell two
weeks and one month
post-discharge.

None

7 / 10

Lin et al.
(2007) [33]

n = 150
Safety assessment by public health
age ≥65 years workers, advice for home modifications.
fall history in
the previous
4 weeks

N/A

Not effective in reducing
the fall incidence rate
per 1000 person years
(1.1 in home safety
group, 1.6 in exercise
group, 2.4 in educational
group).

Quality of life (physical and
environmental domain), functional
reach, ADLs, functional balance and
gait improved significantly.

5 / 10

Stevens et al.
(2001) [35]

n = 1737
Home hazard assessment by trained
age ≥70 years nurse assessor, free installation of safety
healthy older devices, education about home hazards.
people

Maintained
significant
reduction in 4 out
of 5 most prevalent
home hazards.

Not effective in reducing
the rate of falls (falls on
environmental hazards
inside the home: IRR =
1.11, 95% CI 0.82-1.50).

Covariates significantly associated
5 / 10
with an increased rate of falls on
environmental hazards were history of
falling (RR 2.09) and use of a walking
aid inside the home (RR 1.94).

ADL: activities of daily living; CI: confidence intervals; IRR: incidence rate ratio; N/A: not applicable; OT: occupational therapist; RR: rate ratio.
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Effective components of home assessment and
modifications
The outcomes of falls in the six studies showed inconsistent
findings. The interventions which effectively reduced falls
suggest that home assessment and modifications should be
offered to people with a previous fall history, severe vision
problems or after discharge from hospital. In view of the
specific expertise needed in this area, occupational therapists should guide the intervention. Furthermore, the effectiveness of the intervention can be enhanced by follow-up
contacts.
It is acknowledged that a home assessment and modifications should be part of a multifactorial approach [36], since
the majority of the studies used a multifactorial approach
and evidence in fall prevention is strong.

Footwear as a single intervention
approach
The relationship between certain types or characteristics of
footwear and the risk of falling is well established in the literature. Walking barefoot or wearing socks has been associated with a higher risk of falling [37–40] than when wearing shoes. Studies which examined footwear characteristics
at the time of fall-related hip fractures showed that the most
common type of footwear were slippers, walking barefoot
or wearing socks [41, 42]. However, walking barefoot or
wearing socks or slippers does not necessarily indicate that
this type of footwear, or the absence of footwear, caused
the fall. Shoes with low heels and a large contact area may
help older people to reduce the risk of a fall [43]. Additionally, older people often choose their footwear for comfort
and not safety reasons [42]. The difficulty in establishing a
relationship between footwear and risk of falls is that the
type of shoe worn may change according to the location
and activity being undertaken. Furthermore, going shoeless
indoors might be more common.
Most falls occur during the winter months [44]. A randomised controlled trial by McKiernan [45] was able to show
that an anti-slip device attached to shoes significantly reduced outdoor falls in hazardous winter conditions in older
people with a history of previous falls. However, not wearing a gait-stabilising device in hazardous winter conditions
does not represent a risk factor for falling.
Effective components of footwear interventions
Anti-slip devices for shoes may be useful for older people
in hazardous winter conditions (e.g. snow and ice). Based
on lower quality studies, footwear should be worn indoors
and outdoors, have a low heel height, high surface contact
area and good fixation. Future research should be made
to strengthen the evidence and make recommendations regarding the characteristics of safe shoes for older people.

Walking aids as a single intervention
approach
The use of walking aids is considered a fall-associated risk
factor [11, 12]. The study of Rubenstein and Josephson [11]
showed that the use of a walking aid is related to a 2.6-fold
(confidence interval: 1.2; 4.6) risk of falling. Some older
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people fall because of their walking aid, for example by improper use or tripping over the walking aid. A walking aid
may also impede the compensatory stepping and grasping
mechanism during balance recovery to avoid a fall [46, 47].
However, the increased fall risk associated with the use of a
walking aid, as reported by Rubenstein and Josephson [11],
probably reflects the functional status of the older people
using the walking aids (those with gait disturbance, muscle
weakness and increased fall risk are more likely to use a
walking aid) rather than the aid itself. When walking aids
are appropriately chosen for the clinical condition (for example, a four-points walker instead of a front-wheel walker
for people with Parkinsonian gait disturbances), correctly
sized (not too high or too low) and properly implemented,
they can heighten walking safety by increasing the base
of support, enhancing lateral stability and reducing lowerlimb load [48], and thus perhaps reduce the risk of falling.
Important components of walking aid interventions
A suitable walking aid must be appropriate for the individual’s abilities and the environment, correctly sized and
free of defects [49, 50], and should only be used if necessary. Also, prescription and training in the use of walking
aids should be left to a health professional with expertise in
the field [12, 51].

Fall prevention in the Swiss context
Fall prevention in Switzerland needs to overcome specific
hurdles and framework conditions. There are many local,
regional, cantonal and national peculiarities. It is comprehensible that settings of international studies are often not
generally applicable to Swiss settings [52]. Specific geographical, infrastructure, socio-demographic and funding
circumstances must be taken into consideration. Besides
cultural differences, there are also language barriers to be
overcome. In the best case, Swiss fall prevention endeavours are translated into all four of the country’s official languages (German, French, Italian and Romansh) to reach
as many vulnerable older people as possible. The integration of international scientific findings also faces a unique
regional, cantonal and federal legal and political system
in Switzerland, which has administrative subdivisions into
26 cantons with considerable autonomy. These cantons are
further subdivided into multiple small communities which
are often equivalent to the remaining restricted living environment of older people. Gaining the support of local
community authorities may be of crucial importance in
reaching older people on the subject of fall prevention.
It is necessary to highlight the importance of cooperation
and coordination between all health experts in the field of
fall prevention. Interdisciplinary cooperation between exercise instructors, physiotherapists, occupational therapists,
exercise and health scientists, as well as general practitioners, geriatricians and psychologists, form the foundation
for successful fall prevention [53]. Besides professional supervision, different forms of social activity between or after
intervention sessions may also improve adherence. In vulnerable older people a high level of motivation must be
maintained to guarantee high adherence rates and thus prolong positive health effects of interventions.
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Conclusion
This systematic literature review may serve as a basis for
recommendations on the implementation of interventions
in vulnerable older people in Switzerland. We identified
important features of fall prevention interventions of high
methodological quality which successfully showed a reduction in fall incidence rate. However, the rather heterogeneous intervention designs, the potential bias from low
quality studies and the inclusion of non-experimental studies prevents us from performing a meta-analysis in the context of our systematic review. The optimal type, intensity,
frequency and duration of fall prevention programmes required to significantly lower the rate of falls over the long
term are still not known. This is partly due to the varying definitions of falls across studies and the inconsistency
with which falls are monitored and reported. In this regard,
older people who exercise may become more mobile and
therefore more exposed to a greater risk of falling. Hence,
apart from simply a change in the number of falls, further
outcome measures such as the use of health care services,
improvements in the overall level of disability or functionality, and psychosocial measures such as fear of falling and
perceived quality of life must be taken into consideration
when scrutinising the effectiveness of a fall prevention programme.
Exercise programmes for vulnerable older people should
be adjusted to the individual health circumstances, to guarantee safe exercising and prevent health damage or injury.
The exercise instructor and the social atmosphere may play
a pivotal role in positively affecting adherence rates, sustainability of the programme and general enjoyment of the
exercises. It is comprehensible that a multitude of exercise
variables and heterogeneous conditions make it difficult to
extract, compare and reproduce particular effective exercise components in a real-life setting. Consequently, general statements on exercise content for fall prevention in vulnerable older people in Switzerland remain challenging.
Environmental hazards, inadequate footwear and walking
aids are implicated as a contributory factor in a large proportion of falls in older people. Considering the small number of published studies, the effectiveness of these fall
prevention programmes as a single intervention should be
examined in future research. To date, several studies have

included environmental changes, inspection of footwear
and walking aids as a component within a multifactorial approach. However, it is very difficult or wholly impossible
to extract specific fall-related outcomes from these studies.
For a holistic fall prevention approach, further risk factors
need to be included, such as visual problems, hearing
impairment, syncope, incontinence, fall history, medication, inadequate clothing, cognitive decline, substance abuse and institutionalisation.
In summary, the challenges for a successful transfer of international fall prevention knowledge into the Swiss context are as follows: the efficiency of an intervention, acceptance and motivation of programme providers (e.g., instructors), the quality of the measures implemented and the
programmes’ sustainability. Finally, it must be noted that
not only the provision of fall prevention programmes, but
also the demand of the target population itself – the vulnerable older people who are likely to derive the greatest benefit – is crucial for successful fall prevention. Prevention
of falls is an active research area and for this reason it is recommended that these results be updated and revised in the
near future.
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Figures (large format)

Figure 1
Flowchart for illustration of literature search and selection.
In this paper we will first present the information summary regarding intrinsic factors (exercise as a single intervention approach to reduce falls)
followed by extrinisic factors (home assessment and modifications, footwear and walking aids, each as a single intervention approach to reduce
falls).
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