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Abstract
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Falls are the primary cause of injuries among older adults, and accidents that result from falls
can lead to personal suffering and extensive societal burdens. The overall aims of this thesis
were to explore and describe falls and fall prevention strategies in community-dwelling older
adults and to evaluate a fall prevention home exercise program, the Otago Exercise Program
(OEP), with or without motivational interviewing (MI).

Methods: Qualitative and quantitative research methods were uses. The designs were as
follows: a cross-sectional, descriptive and comparative study (study I); a descriptive feasibility
investigation (study II) and a randomized controlled trial (RCT) with two interventions, the
OEP and OEP+MI, as well as a control group, with a 12-month follow-up (study III); and a
prospective and descriptive study (study IV). The four studies comprised community-dwelling
individuals aged 75 years or older. Study I included 262 individuals and studies II-IV had
175 participants who needed walking aids or home support. Study II also included 12 physical
therapists.  Data collection was performed via self-reported questionnaires, fall calendars,
exercise diaries, physical performance tests and a semi-structured questionnaire.

Results and conclusions: Suggested actions to prevent falls significantly differed between
high and low active older adults (study I). Support for self-directed behavioral strategies could
be important for preventing falls in older adults who have low physical activity levels. The
study protocol for the RCT had acceptable feasibility (study II), and only minor changes of
the protocol were needed. There were no benefits for OEP or OEP+MI with personal support
implemented nine times over the 12-month period. However, all groups maintained physical
functioning and activity (study III). To increase physical functioning and reduce falls in this sub-
group of older adults, more frequent personal support and/or an alternative delivery format may
be required for efficient intensity and challenge in home exercises. Over 12 months, falls and
fall-related injuries in the RCT sample were the most common when moving around within the
home and transitioning from sitting to standing (study IV). Special attention to these activities
might be important for preventing falls in community-dwelling older adults who need walking
aids or home support.
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Introduction 

Falls, a health and societal problem 
Fall incidents are the primary cause of both fatal and non-fatal unintentional 
injuries among older adults (1, 2). The personal suffering and societal burdens 
that result from fall accidents are extensive (3). Although most falls do not 
result in serious injuries, 10 to 15 percent of falls result in serious injuries, 
such as fractures and head injuries (2). In addition to physical injuries, falls 
can result in post-fall anxiety syndrome, which can lead to self-imposed ac-
tivity restrictions, depression and additional functional declines that can im-
pair perceived health and quality of life (3). The economic burdens on society 
due to fall-related injuries are the second largest (after traffic accidents) in the 
United States and Australia (2). In Sweden, fall accidents have overtaken traf-
fic accidents and, in 2014, were the largest contributor to the economic burden 
for injuries (4). A systematic review of 32 prevalence studies revealed that 
fall-related costs in old age ranged from 0.07% to 0.20% of the gross domestic 
product (GDP) (5). The fall-related costs in Sweden were 0.20% of the GDP 
in the year 2000 (6). In 2013, the Swedish society spent 43.7 billion Swedish 
crowns on preventing traffic accidents but only 3.4 billion Swedish crowns on 
preventing falls (4). Among older adults in Sweden, there are 17,000 hip frac-
tures and more than 1,000 deaths due to fall accidents every year (4). This 
indicates that un understanding of the actions that aim to prevent falls at dif-
ferent levels is of outmost importance to decreasing personal suffering and 
societal costs.  

The aging population 
The increased average age of the human population presents a substantial 
challenge for society (7). Between 2010 and 2050, the global population aged 
65 years and older is expected to increase from 524 million (8 percent of the 
population) to 1.5 billion people (16 percent of the population) (8). Because 
older adults represent a growing proportion of the population there in an in-
creased need to understand the factors that enhance their health and vitality 
(9). To achieve a good quality of life and close the gap between the number 
of lived years and the numbers of years that are lived in good health, there is 
a need for action at different levels of  the society (10). A fundamental demand 
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for policy-makers and health professionals is to strengthen the health promo-
tion and prevention policies that are directed at older people (11).  

Descriptions of older adults  
Older adults are often stereotyped and generalized (12); however, several au-
thors argue that older people are a heterogeneous group and thus there is a 
need for improvements in differentiating among descriptions of older people 
(13, 14). Traditional chronological age group categories (e.g., 50-64, 65-74, 
75+ years, etc.) are useful for statistics. For more nuanced descriptions phases 
of age are suggested (14). Several authors (15-17) have suggested classifying 
the life span into four “ages” in which the first age is characterized by imma-
turity and education (15), the second is characterized by maturity and respon-
sibility, the third is the era of personal fulfillment, and the fourth includes de-
pendence, decrepitude and death (15).  

Accommodations are often used to describe older adults in research con-
texts, including terms such as sheltered living (e.g., a nursing home) or com-
munity-dwelling (i.e. living in an ordinary home) (18). The community-dwell-
ing older population is rapidly increasing and is heterogeneous in physical 
functioning and physical activity (19).  

One concept that is used to classify overall health diversity in older adults 
is frailty (20). Frailty has been defined as a biological syndrome that is char-
acterized by a reduced reserve capacity in several physiologic systems and an 
increased susceptibility to stressors due to age-related cumulative deficits 
(21). Fried et al. (22) defined frailty as a clinical syndrome in which three or 
more of the following criteria are present: unintentional weight loss (10 lbs. 
in the past year), self-reported exhaustion, weakness (grip strength), a slow 
walking speed, and low physical activity. Pre-frailty occurs when one or two 
of the above criteria are present (22). Pre-frailty is common in community-
dwelling adults > 65 years old (23), with a reported prevalence of 19.8 - 44.2% 
(24-26). In efforts to prevent falls, it is important to attend to pre-frail older 
adults because they are at risk of falling (20, 22, 27), and there is a need to 
identify and support pre-frail persons prior to the onset of frailty (28). 

This thesis examines falls and fall prevention in community-dwelling indi-
viduals who were aged 75 years and older. Most of the participants in studies 
II-IV would have met the criteria for pre-frailty. There has been little research 
that seek to prevent falls in the specific sub-group of community-dwelling 
older adults who need walking aids or home support. According to Laslet, this 
group includes older adults at the end of the third age who are approaching the 
fourth age (15).  
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Physiological changes with age 
With increased age, cells and organs undergo age-related changes that, among 
other systems, are reflected in the peripheral nervous system, joints, and car-
dio vascular functions (29). Another evident physiological effect of aging is a 
reduction in muscle strength (30) that is attributable to a loss of muscle mass 
(31). Impaired physiological functions can lead to reductions in physical ca-
pacity and impaired balance, which increases the risk of falling (3). Many 
older adults value “sufficient bodily resources for security and opportunities” 
(32). Despite age-related changes, regular physical activity can benefit many 
physiological systems and reduce the risk of developing several chronic dis-
eases and conditions (33). 

Active aging  
Active aging is a concept that was developed in the 1960s in the United States 
and has since been discussed in the literature (34). In Europe, the discussions 
began approximately two decades later, when the World Health Organization 
(WHO) began to spread knowledge about the concept (34), which is defined 
as “a process of optimizing opportunities for health, participation and security 
in order to enhance quality of life as people age” (11). The active aging ap-
proach is based on the human rights of older people and the United Nations 
principles of independence, participation, dignity, care and self-fulfillment. 
This approach shifts strategic planning from a “needs-based” approach to a 
“rights-based” approach in all aspects of life as people age (11). The policy 
framework for active aging is illustrated in Figure 1, with three pillars that 
symbolize participation, health, and security. 
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Figure 1. The three pillars of the policy framework for active aging (WHO 2002), 
modified figure. 

The active aging and other similar concepts, such as healthy and successful 
aging, have been criticized to exclude frail older adults, with preferences for 
traditionally “youthful“ activities and place a strong emphasis on health and 
independence (35). The meaning of an active life may change throughout the 
life course and there are many possible alternatives for older adults to age 
actively (35).  

Determinants of active aging and their relation to falls 
in old age 
Active aging depends on several determinants that surround individuals, fam-
ilies and nations (11) (figure 2). Evidence suggests that these factors and their 
interactions are good predictors of how well individuals and the population 
will age (11). The WHO global report on fall prevention in old age describes 
fall prevention in relation to each of the determinants of active aging and, to 
some degree, the interactions between the determinants (36).  

 
 Culture shapes the way in which we age because it influences all the other 

determinants of active aging. To a large extent, cultural values and tradi-
tions define how a society views older adults and falls in old age.  

 Gender is the “lens” through which society views the appropriateness of 
policy options and how they will affect the well-being of both men and 
women. Globally, falls are more common among older women, but fall-
related mortality is higher among men. This is one example of why fall 
prevention should reflect gendered perspective. 
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 Health and social services have important roles in health promotion, dis-
ease prevention and equitable access to primary health and long-term care 
and are important contributors to preventing falls in older adults.  

 Behavioral determinants in old age are as important as in all other stages 
of life. Physical activity, healthy eating, not smoking and wisely consum-
ing alcohol and medications can prevent disease and functional decline, 
extend longevity and enhance one´s quality of life. Most of these behav-
iors affect the risk of falling. 

 Personal determinants. Genetics strongly influence how a person ages, 
and a person’s ability to solve problems and adapt to changes predict ac-
tive aging and longevity. Personal factors, such as attitudes toward falling 
in old age and a fear of falling, influence coping and the consequences of 
falling. 

 Physical environments that are age-friendly can mean the difference be-
tween independence and dependence and reduce injuries and their conse-
quences, which are more severe in older individuals than in younger peo-
ple. The physical environment plays a significant role in many falls. An 
age-friendly outdoor environment has an adjusted home environment can 
lower the risk of falling.  

 Social determinants that enhance health, participation and security as peo-
ple age provide opportunities for lifelong learning, peace, protection from 
violence and abuse, and social isolation. Both social interaction and iso-
lation affect the risk of falling. 

 Economic determinants that significantly affect active aging include in-
come, social protection and work (paid or unpaid). Socioeconomic status 
influences falls.  
                                                                                                       (11, 36) 

 

 
Figure 2. The determinants of active aging (WHO, 2002), modified figure. 
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Defining falls  
Currently, there is no generally used definition for a “fall event”. In a system-
atic review by Hauer and co-workers, 90 randomized controlled studies on 
preventing falls were examined with a focus on the definition of a fall incident 
(37). Half of the reviewed studies included no definition, and the remaining 
studies used different definitions of falls (37). Furthermore, in Hower et al.’s 
review, the most common definition of falls was based on the Kellogg Inter-
national Work group, which proposed that a fall was, “unintentionally coming 
to the ground or some lower level and other than as a consequence of sustain-
ing a violent blow, loss of consciousness, sudden onset of paralysis or an epi-
leptic seizure” (38).  

Jensen and co-workers (39) referred to “an event in which a person unin-
tentionally comes to rest on the floor or ground, regardless of the cause and 
the consequences of the fall”. This definition will be used in this thesis. 

Incidence of falls  
The incidence of falls and fall-related injuries varies across populations and 
settings (2). An epidemiological review revealed that most research on older 
people aged 65 years or more in community settings reports that 20 to 33 per-
cent fell each year, and in the oldest group, up to 60 percent fell over a period 
of 12 months (2). Recurrent falls (2 or more falls/year) have been reported in 
approximately one-quarter to one-half of fallers, with higher rates of recurrent 
falling (75%) in people aged 90 years and older (40).  

Risk factors for falls 
The risk factors that contribute to falls are well studied, and a summary of 16 
studies confirmed that the most important individual risk factors for falls in 
older adults are weakness, balance deficits, gait deficits, visual deficits and 
mobility limitations (3). A meta-analysis of 74 studies revealed 31 different 
risk factors which included socio-demographic, mobility, psychological, sen-
sory, and medical factors (41). A history of falls, specifically among recurrent 
fallers, gait problems, use of walking aids, and vertigo, were the most strongly 
associated with falls (41). The risk of falling exponentially increases with the 
number of risk factors (42); consequently, identifying, attending to, and taking 
actions to prevent risk factors can significantly reduce the rate of falls (3). In 
a community-dwelling sample of 378 older adults in Sweden, falls were more 
common among individuals who used walking aids and received municipal 
home care than in individuals who did not use walking aids or have home 
support (43).  
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Some researchers view single, isolated falls without injury as a chance oc-
currence; in contrast, more falls indicate a greater risk of falling (44, 45). Oth-
ers have suggested that the first fall indicates a greater risk of falling in older 
adults (46). 

The circumstances and consequences of falls 
Research on the circumstances related to falls have reported a broad range of 
situations and reasons for falls (47-49), such as hurrying, dizziness, walking, 
carrying, bending activities, and environmental obstacles. Details on the cir-
cumstances of individual fall events as portrayed by the fallers have been ex-
amined to a limited extent (47). 

Among people aged 65 years and older, falls are the primary cause of fatal 
and non-fatal unintentional injuries (1).The consequences of a fall are often 
more devastating for older adults than for young people due to the combina-
tion of a high prevalence of falling and a high susceptibility to injuries due to, 
for example, osteoporosis and slowed protective reflexes (3). Falls among the 
elderly imply a higher risk of hospital admissions, longer hospital stays and 
an increased risk of not being able to return home after a hospital stay (50). 
The most common injuries that were reported in a study on older adults were 
cuts, grazes or bruises, sprains or strains, fractures in the lower leg, and head 
injuries (48). In countries that have weather conditions that cause slippery sur-
faces, minor distal radius fractures are common (51). Falls can also result in 
decreased fall-related self-efficacy (43) and a fear of falling, which can initiate 
a vicious circle of inactivity and additional decreases in fall-related self-effi-
cacy (52, 53).  

Preventing falls  
The WHO suggests a fall prevention model within the framework of active 
aging (54) in which fall preventive actions are presented and structured in 
terms of awareness, assessment and intervention (figure 3). An awareness of 
fall prevention should be increased at all levels of society. Older individuals’ 
knowledge, perceptions and strategies regarding interventions to prevent falls 
have been assessed in a few studies (55, 56), which indicate that there is a 
need for additional research to understand individual beliefs and needs for 
preventing falls. To achieve successful fall prevention in older adults, the 
WHO suggests interventions at an individual level, in which behavior change 
has a central role, and at the environmental, health and social service levels. 
To achieve successful fall prevention within a culture, surveillance, resources 
and research should support a healthy public policy, which, in turn, embraces 
a multi-sectorial approach (figure 3).  
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Research to prevent falls among community-dwelling older individuals 
recommends exercise-programs (57) for groups or individuals, including bal-
ance and muscle strength training (58). There is also consistent evidence that 
individually tailored multi-factorial interventions reduce falls and the risk of 
falls (57). 

 
Figure 3. Fall prevention for active aging (WHO 2008), modified figure. 

Exercise programs for preventing falls 
Exercise programs that are designed to enhance physical functioning and to 
support fall prevention in older adults have been investigated in many studies 
over the past few decades (59-63).  

The Otago exercise program (OEP) (64) was developed by Campbell and 
colleagues at the University of Otago in New Zealand. The program was orig-
inally designed for women aged 80 years and older and is a home-based indi-
vidualized exercise program that includes balance, strength and endurance 
training (65). The exercises are designed to be performed in the home envi-
ronment and should be performed three times per week, with an approximate 
duration of 30 minutes. Walks are recommended at a minimum of two times 
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per week. A trained health professional provides instructions, initiates pro-
gression on four different levels of difficulty and attends regular follow-ups 
with home visits and phone calls. The OEP has been shown to significantly 
reduce mortality, falls and fall-related injuries in older adults (66).  

Physical activity and physical exercise 
Physical activity is currently defined as any bodily movement produced by the 
skeletal muscles that results in energy expenditure (67). If the physical activity 
has a specific aim and is performed in a structured way, it is defined as phys-
ical exercise (68). It is recommended that older adults engage in aerobic phys-
ical activity for at least 150 minutes per week at moderate intensity or 75 
minutes at vigorous intensity (69). In addition, older adults should perform 
muscle strength training twice per week and regular balance training. The lat-
ter are especially important for frequent fallers and individuals who have mo-
bility problems (33). A systematic review of research on the physical activity 
levels of older adults reported a large variation in the proportions of the indi-
viduals who met these recommendations of 2.4% to 83% (70). Regular phys-
ical activity has shown to reduce fall-related injuries in older adults (33), and 
the most recent available evidence on the prevention of falls and fractures in 
older individuals recommends group or home-based exercise-programs that 
include balance and muscle strength training (58). However, adherence to ex-
ercise programs is generally low and decreases with age (71) but may be in-
fluenced by the characteristics of the exercise program (72) and by the addi-
tion of behavior change techniques, such as self-monitoring with diaries (73). 
There have also been higher levels of adherence in older adults when the pro-
grams include home visit support from a physical therapist (72).  

To change and maintain physical activity behaviors –
theoretical perspectives 
The evidence for what to do to prevent falls in older adults (33, 58) is becom-
ing more clear, and research has examined the factors that can facilitate fall- 
preventive exercising in older adults (74). However, it is a challenge to deter-
mine how to motivate persons who are aged 75 years and older to maintain 
physical activity and perform exercise programs.  

Several studies have described that older people value participation and 
self-management in fall-prevention actions (75-78) and that their adherence to 
fall-prevention programs is affected by their beliefs and attitudes. These re-
sults can be explained within the framework of the Health Belief Model 
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(HBM) (79). According to the HBM, individual beliefs (perceived suscepti-
bility, threats, benefits, barriers, and self-efficacy) influence individual health 
behavior and thoughts about health behavior (e g. physical activity). For ex-
ample, an older person with a perceived susceptibility to falls and barriers to 
physical activity might conclude that the time spent exercising is not worth 
the struggle due to an unconscious consideration of the physical strain in rela-
tion to the possible gains.  

Additional theoretical perspectives that can be addressed to explain physi-
cal activity behaviors and behavior changes are the Social Cognitive Theory 
(SCT) (80) and the transtheoretical model of behavioral change (TTM), with 
the connected stages of change theory (SOC) (81). The SCT addresses how 
personal, behavioral and environmental factors interact in the behavior change 
process. In the SCT, as well as in the TTM and HBM, the concept of self-
efficacy is essential. Self-efficacy is considered to be the self-perceived ability 
to perform a given behavior in a specific situation. Self-efficacy in instrumen-
tal activities of daily living (IADL) has been associated with falls in older 
adults (43). The TTM was originally developed by Prochaska and DiClemente 
for use in addiction treatment, and it was complemented with the SOC to por-
tray the time aspect of the behavioral change process (81). The SOC has been 
described in terms of steps or a circle in which the individual moves towards, 
or away from, behavior change. The stages are precontemplation, contempla-
tion, preparation, action and maintenance. In the maintenance stage, the indi-
vidual has taken action for a longer time (81). The SOC is considered to have 
pedagogical advantages but has been criticized because it does not consider 
individual circumstances that may place an individual in several stages at the 
same time (82).   

Motivational interviewing to support and maintain 
behavior change. 
Motivational interviewing (MI) was developed by Miller and Rollnick (83) 
and is a method that is used to start and support behavior change and mainte-
nance, and to help individuals identify and resolve their ambivalence about 
behavioral change (84). The theoretical influences that have contributed to the 
development of MI include the TTM and SOC, the SCT and the concept of 
self-efficacy, among others (85). MI is characterized by the following four 
principles for the provider: (1) resisting the reflex to correct, i.e., not telling 
people what and what not to do; (2) understanding and exploring the patient’s 
motivation; (3) listening with empathy; and (4) making the patient experience 
empowerment (84). MI as a method for increasing physical activity in older 
adults has been examined in primary care settings with promising results, but 
there is a need for additional research in this area (86). 
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The International Classification of Functioning, 
Disability and Health 
In study IV in this thesis, the International Classification of Functioning, Dis-
ability and Health (ICF) was used to classify the activities that were performed 
immediately before the fall.  

The ICF is a holistic classification system for the describing of health that 
reflects aspects of bodily functions and structures, activities and participation, 
the environment, and personal factors (87). It provides a structure and a com-
mon language for describing activities and allows for a better understanding 
across professions. The ICF consists of 1454 categories (87). Each category is 
assigned a unique code that contains a letter that represents each component: 
body functions (b), body structures (s), activity and participation (d), and en-
vironmental factors (e). The letter in the code is followed by digits that repre-
sent the first, second, or third level in the classification. The following exam-
ple shows the structure of the ICF:  
“d – Activities and participation” (component) 
“d4 – Mobility (first level) 
 “d460 Moving around in different locations” (second level) 
“d4600 Moving around within the home” (third level). 
 
The ICF can be applied to describe the activity at the moment of a fall but has 
been used only to a limited extent (88). 

Rationale for the thesis 
Because older adults represent a growing proportion of the population, there 
is an increasing need to understand the factors that influence their health and 
vitality. Bodily functions decline as people age, and the risk of falling in-
creases with age. Falls and fall-related injuries among older adults lead to per-
sonal suffering and increased societal expenses. Research has demonstrated 
health benefits from exercise interventions that target fall prevention in older 
adults, and older adults want to retain their physical abilities as long as possi-
ble to maintain independence and quality of life. However, community-dwell-
ing older adults are heterogeneous and value participation and self-manage-
ment. Hence, fall prevention support for older adults may differ and need in-
dividual adjustments. Exploring fall prevention from older adults’ perspec-
tives may increase the understanding of their needs for support.  

To reduce falls, methods for increasing the adherence to and maintenance 
of physical exercise programs may be of utmost importance because adher-
ence to exercise is low in the older population. MI as a support for behavioral 
change can be effective in increasing physical activity, and home-based exer-
cises that are supported by a physical therapist can result in greater adherence 
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to exercise programs. However, home-based individually adjusted exercises 
(the OEP) in combination with MI have not previously been studied for pre-
venting falls in people aged 75 years and older who need walking aids or home 
support in Sweden.  

Research has examined the circumstances and consequences of falls in 
older adults. Nevertheless, few studies have examined the circumstances of 
the fall, including the activities that are executed immediately before the fall 
event, regardless of injury, as well as the consequences of falls in community-
dwelling older adults who need walking aids or home support. Behavioral 
strategies for preventing falls that originate from the specific circumstances 
surrounding the fall event may be used as a basis for reducing falls (47). Con-
sequently, increased knowledge of the activities that are linked to falls and 
common fall-related injuries could be a valuable contribution to the preven-
tion of falls in community-dwelling older adults who need walking aids or 
home support. 
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Aims 

The overall aims of the thesis were to explore and describe falls and opinions 
on prevention strategies in community-dwelling older adults and to evaluate a 
fall prevention exercise program, the Otago Exercise Program (OEP), with or 
without motivational interviewing (MI). 

 
 
The specific aims: 
 
 

I To explore and describe older adults’ opinions on important ac-
tions for preventing falls in relation to physical activity level. 

 
II To study the feasibility of a randomized controlled trial (RCT) 

based on a fall prevention intervention that included exercise 
with or without motivational interviewing compared to stand-
ard care.  

 
III To evaluate the effects of a 12-month fall prevention interven-

tion that included exercise with or without motivational inter-
viewing compared with standard care on physical performance, 
grip strength, balance, physical activity level, falls self-effi-
cacy, falls and fall-related injuries.  

 
IV To investigate the circumstances and consequences of falls in 

the RCT sample over 12 months, describe activities at the time 
of the falls according to the International Classification of 
Functioning, Disability and Health (ICF) and analyze these ac-
tivities according to injuries or not. 
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Methods 

Study designs 

Qualitative and quantitative research methods were used. The designs were as 
follows: a cross-sectional, descriptive and comparative study (study I); a de-
scriptive feasibility investigation (study II); a randomized controlled trial 
(RCT) with two interventions, the OEP and the OEP+MI as well as a control 
group (study III); and a prospective and descriptive study (study IV). A meth-
odological overview of the studies is presented in table 1. The RCT was reg-
istered at clinicaltrials.gov (nr. NCT01778972). The CONSORT checklist 
(89) was used to report the 12-month follow-up of the RCT (study III). 

Ethical considerations 
Ethical approval was provided by the Regional Ethics Review board of Upp-
sala, Sweden, Dnr 2010/136 (study I) and Dnr 2012/147 (studies II-IV). 
Participants were provided with written (studies I-IV) and oral (studies II-IV) 
information about the respective study and informed consent was obtained 
from each participant. The participants were not compensated for their partic-
ipation. 
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Table 1. Study design, participants, data collection methods and the time of data      
collection. 

 

Study Design Sample Data collection method Data collection  

I Cross-sectional, 
descriptive, com-
parative. Qualita-
tive and quantita-
tive 

262 community 
living older 
adults 

Self-reported questionnaire Once  

II Descriptive feasi-
bility investigation 
of an RCT 

The first 45  
participants 
who were in-
cluded in the 
RCT 

                          
12 PTs 

Self-reported questionnaire 
and physical performance 
tests                    

Self-reported fall calendar 
and exercise diary           

Self-reported questionnaire  

Baseline and 3 
months                  

                       
Monthly for 3 
months            

First visit and 3 
months 

III Randomized con-
trolled trial  

 

175 commu-
nity-dwelling 
older adults 
who needed 
walking aids or 
home support      

Self-reported questionnaire. 
Physical performance tests 
Self-reported fall calendar  

Self-reported fall calendar 
and exercise diary 

Semi-structured question-
naire conducted via tele-
phone call                     

Baseline and 12 
months                  

                 
Monthly for 12 
months 

Monthly for 12 
months, 1 to 4 
weeks after a 
fall 

IV Descriptive and 
prospective 

 

The 74 partici-
pants in the 
RCT who fell, 
one or more 
times, in the 12-
month period. 

Self-report in a question-
naire and physical function-
ing tests 

Semi-structured question-
naire conducted via tele-
phone call                             

Baseline  

 

Monthly for 12 
months, 1 to 4 
weeks after a 
fall 
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Participants and recruitment procedures 
Study I 
The participants in study I were randomly selected from a population-based 
national register for two county councils in central Sweden. The inclusion cri-
teria were age ≥75 years and living in ordinary housing. Within the two areas, 
approximately 48,000 inhabitants were 75 years and older when the data col-
lection was performed in May to July of 2010 (90). From a random sample of 
600 persons that was obtained from the Swedish Central Bureau of Statistics, 
525 persons met the criteria of living in ordinary homes. An information letter, 
consent form, and questionnaire were sent to these persons. The individuals 
who agreed to participate completed and returned the questionnaires and their 
signed consent forms. After two reminders, the response rate was 72% 
(n=378; mean age 81.7 years, range 75-101). The study specific question 
about opinions on fall prevention was answered by 262 persons with a mean 
age of 81.3 years. 

Studies II-IV 
The participants in study II included 12 physical therapists (PTs) from three 
different municipalities in Sweden and the first 45 older community-living 
people who participated in the RCT (32 women and 13 men, mean age 83.0 
years). Study III was the 12-month follow-up of the RCT. In total, 335 indi-
viduals in three Swedish municipalities were reviewed for eligibility, and 175 
individuals (122 women and 53 men, mean age 83.2 years) met the inclusion 
criteria and agreed to participate. The eligibility criteria included the follow-
ing: an age of 75 years or older, living in an ordinary home, the ability to 
independently walk indoors and the ability to understand written and oral in-
formation in Swedish. Individuals with scores that were lower than 25 of 30 
points on the Mini-Mental State Examination (MMSE)(91), individuals who 
were receiving ongoing regular physical therapy treatment due to illness or 
injury, and individuals receiving terminal care were excluded. Older individ-
uals who met the criteria and were applying for walking aids or home support 
were invited to participate by occupational therapists, physical therapists or 
care managers. Study IV included the 74 individuals (50 women and 24 men, 
mean age 82.8 years) in the RCT who fell over the 12-month period. The re-
cruitment of study participants was conducted from October 2012 to May 
2015. 
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Measures and data collection 

Study I 
The study-specific questionnaire contained questions that included items 
about the level of assistance that was required for daily activities, walking 
aids, level of education, falls in the last six months, fall-related self-efficacy, 
housing, health-related quality of life, level of physical activity and the fol-
lowing open-ended question formulated by the research team: “What do you 
consider to be important actions for preventing falls?”. The question about the 
level of physical activity was as follows: “How much time do you spend in a 
typical week performing moderately strenuous activities that make you 
warm?”, and the responses were recorded on a five-level scale that is fre-
quently used by the Public Health Agency of Sweden  (92, 93). The answers 
that corresponded to the three lowest activity levels indicated low physical 
activity (1=never, 2=<1 h/week, and 3=1-3 h/week) and the two highest score 
levels were classified as high physical activity (4=>3 h but <5 h/week, 5=≥5 
h/week). The internal drop-out rate for this question was 30.7%. 

Studies II-IV 

Table 2. Overview of the outcome variables in studies II-IV 

Outcomes Study II Study III Study IV 

Short Physical Performance Battery X X  
Walking speed (m/s)  X  
Grip strength (kg)  X  
Mini-BESTest X X  
Frändin/Grimby Activity Scale  X  
Falls Efficacy Scale X X  
Falls X X X 
Fall-related injuries  X X 
Place of fall   X 
Perceived cause of fall   X 
Activity at fall event   X 
Consequence of fall   X 

 
 
Feasibility (study II) was evaluated during the first three months of the RCT. 
Feasibility was measured using two study specific questionnaires that were 
completed by the 12 physical therapists. One questionnaire was completed by 
the PTs who collected the measurements, and the other was completed by the 
PTs who conducted the two types of treatment. The questionnaires included 
the study areas processes, recourses and management (94). A median score of 
eight or more on the numeric rating scale (0-10) was defined as an acceptable 
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feasibility for each area. For dichotomous responses (yes/no), an 80% positive 
response rate reflected acceptable feasibility.  

The effect measures that were reported at baseline, three months in study II 
and 12 months in study III were physical performance, balance, falls self-effi-
cacy and fall frequency.  

Physical performance was measured with the Short Physical Performance 
Battery (SPPB) (95). The test contains three components (static balance, self-
selected walking speed, and sit to stand). The scale scores range from 0 to 4 
points in each of the three components. A total of 12 points represents the best 
performance. The test has been reported to: have good test-retest reliability 
(96); to predict disability (97); and to be sensitive to changes (98).  

Balance was measured using the Mini-BESTest (99). The test consists of 
14 different tasks with a scale score for each task that ranges from 0 (worst 
performance) to 2 (best performance), with a total maximum score of 28 
points. The Mini-BESTest has high interrater and test-retest reliability (100). 

The Falls Efficacy Scale Swedish version, FES(S), was used to measure 
self-perceived confidence in performing 13 specific activities of daily living 
without falling (101). This test has been reported to have a high test-retest 
reliability (101).  

Exercise adherence was monitored daily with self-report exercise diaries in 
the two intervention groups, and falls were reported daily by all participants 
with fall calendars. The diaries and the calendars were mailed monthly to the 
research teams (102). If an exercise diary or a fall calendar was not returned 
on time, the participant was reminded via a telephone call. 

Additional outcome measures in study III  
Walking speed data were collected in conjunction with the SPPB assessment, 
and walking speed was computed as the time taken to walk a 3.0-meter long 
path at a self-selected walking speed. The best result of two trials was used in 
the analysis. 

The Jamar hand dynamometer was used to measure grip strength. This test 
was performed with an elbow angle of 90 degrees with the shoulder joint in 
the neutral position. The test was repeated three times, and the highest value 
was used in the analysis. The instrument has a high test-retest (103) and intra 
and inter-tester reliability (104). This test also provides a valid measure of 
general body strength (105). 

To measure the level of physical activity, the Fränding/Grimby Activity 
Scale was used. The activity level is estimated on a scale from 1 to 6 points, 
with 6 points representing the highest level of physical activity. The scale has 
shown good validity (106). 

In total, six PTs (assessors) were involved in the assessments which were 
performed in the participants’ homes or at a health care center. The assessors 
were blinded to the group allocation. 
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Falls and fall-related injuries 
Detailed information about falls and fall-related injuries (studies III and IV) 
was collected via standardized telephone interviews that were performed 
when a monthly returned fall calendar had shown that a study participant had 
encountered a fall event. The questions asked enclosed the circumstances sur-
rounding the fall (when, where, the perceived cause, and activity immediately 
before the fall) and the consequences of the fall (injured or not, injury location, 
type of injury and treatment). 

Randomization and interventions (Studies II and III) 
In conjunction with the baseline assessment, all study participants received a 
booklet with safety recommendations for older adults, that included fall pre-
vention recommendations. After the baseline assessments, participants were 
assigned to one of three groups: the Otago Exercise program (OEP), the OEP 
+ Motivational interviewing (OEP+MI) or the control group via a predeter-
mined block randomization list (3, 6, 9 and 12 participants in each block). 
Researchers who did not participate in the intervention or data collection per-
formed the randomization.  

The OEP and the OEP+MI groups received five home visits from a physi-
cal therapist over 11 weeks (studies II and III) and one additional home visit 
after nine months (study III) (table 3), in which the level of intensity of the 
exercise program gradually increased and individual adjustments were made. 

 The exercise program included balance exercises for standing, walking in 
different directions and rising from a chair. Strength exercises included hip 
abduction and extension, and knee extension and flexion, with or without an-
kle weigh cuffs, and ankle plantar and dorsiflexion. Between the home visits, 
participants were encouraged to perform the exercises three times per week 
(for a duration of approximately 30 minutes) and to take walks on days that 
they did not perform exercises. Follow-up phone calls were carried out three 
times over 12 months. The OEP+MI group received the MI intervention in 
combination with the home visits and phone calls.  

Eight PTs managed the home-based strength, balance and walking program 
for the OEP, and another three PTs managed the OEP+MI treatment. These 
MI PTs were all experienced and acquainted with the MI method. They also 
attended a three-day MI course and three booster-sessions that were supported 
by two Motivational Interviewing Network (MINT) instructors. Control cod-
ing of the MI conversations was performed and showed acceptable MI spirit, 
which was 3.8 on a 5-point scale. 
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Table 3. Overview of time points for home visits, phone calls and assessments. 

 
Home visits 
OEP and OEP+MI 

Phone calls 
OEP and OEP+MI 

Assessments 
OEP, OEP+MI and control 

Week 1   X 

Week 2 X   

Week 3 X   

Week 5 X   

Week 8 X   

Week 11 X   

3 months   X 

5 months  X  

7 months  X  

9 months X   

12 months  X X 

Data analysis 
An overview of the data analysis methods for studies I-IV is presented in table 
4. Statistical analyses were performed using IBM, Statistical Package for the 
Social Science (SPSS) software versions 22.0 (study I), 19.0 (study II) and 
24.0 (studies III-IV).  

 

Table 1. Overview of data analysis methods for studies 1-IV. 

Methods Study I Study II Study III Study IV 

Qualitative content analysis X    
Classification according to the ICF     X 
Number (n), (%) X X X X 
Fall and injury rate (numbers/person/year)   X  
Mean (SD) X  X           X 
Median (min-max), (IQR) X X X X 
Fisher’s exact test  X   
Person’s chi-squared test X   X 
Kruskal Wallis test  X X  
Wilcoxon signed- rank test   X  
Paired t-test   X  
Levene’s test for homogeneity   X  
Independent sample t-test X   X 
Mann-Whitney U-test X    
One-way ANOVA   X  
General linear model, repeated measures  X   
Effect size  X   
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Study I 
Conventional qualitative content analysis was used to analyze the answers to 
the open-ended question (107). Three authors were involved in the analysis to 
increase trustworthiness (STJ, KH and CM). All answers were independently 
read several times by the authors (STJ and KH) to obtain an overall idea of 
the content. The statements were coded and classified into possible categories. 
The selected category for each statement was then compared between the au-
thors, and adjustments were made. A third author was included in the analysis 
(CM), and this authors involvement resulted in a small reallocation between 
the categories and the merging of some categories. In a parallel process, sug-
gestions for subcategories were made and the three authors revised the analy-
sis until there was consensus for the categories and the subcategories. 

Then, the statements in each category were analyzed according to whether 
a highly or a less physically active person made the statement. To analyze the 
differences in category distributions between the two groups, a chi square test 
was used; for differences in the characteristics, the Mann-Whitney U, chi 
square, or independent-samples T tests were used, based on the type of data. 
Statistical significance was set at p<0.05. The statistical analyses were per-
formed using IBM SPSS statistical software, version 22.0. 

Study II 
The questionnaires that the twelve physiotherapists completed were compiled 
using descriptive statistics, and data are presented as frequencies, medians, 
minimums and maximums, and percentages. Comments were categorized and 
summarized as descriptive text. 

The differences between the three groups were analyzed with Fisher’s exact 
test for nominal data and Kruskal-Wallis analysis of variance for ordinal data. 
To analyze the differences between groups over time, the General Linear  
Model for repeated measures and Tukey’s post hoc comparisons were used. 
Changes over time within the groups were analyzed with Wilcoxon signed 
rank tests, and the effect sizes (ES) were calculated with the following for-
mula: r=Z/√n. Statistical significance was set at p<0.05. The data analyses 
were performed using IBM SPSS statistics 19. 

Study III  
The sample size was calculated based on the SPPB. A clinically meaningful 
difference was set at 0.5, with a standard deviation (SD) of 1.5 in the SPPB 
(108, 109). With an estimated drop-out rate of 15%, a power of 80% and an 
alpha level of 5%, a minimum of 52 participants were needed in each group. 
A total of 175 participants were enrolled.  
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The statistical analyses were based on intention-to-treat analyses which in-
cluded all 175 individuals. For imputing missing values, the last value carried 
forward was used. A corresponding per protocol analysis was performed, in 
which adherence to the protocol was set at an average minimum of two exer-
cise sessions and two walks per week over 12 months. This dosage is com-
monly used and accepted as the prescribed exercise for this age group (64).  
Differences between groups were analyzed with the Kruskal Wallis independ-
ent samples test and a one-way analysis of variance (ANOVA). Within-group 
differences were analyzed with the paired t test and Wilcoxon’s signed-rank 
test. Levene’s test was used to examine homogeneity of the variances. The 
significance level was set at p≤0.05, and the analyses were performed using 
IBM SPSS statistics software, version 24.  

Falls and fall-related injuries were presented as numbers/person over a 12- 
month period (ITT analysis), numbers/person/year (±30 days) (per protocol 
analysis), and numbers. Injuries were presented based on their severity as mi-
nor injuries (no need for professional assessment), moderate injuries (medi-
cal/health professional examination) and serious injuries (emergency or inpa-
tient treatment) (110). 

Study IV 
The ICF (87) was used to classify activities in fall situations.  

The first author coded the written response to a telephone-delivered ques-
tion about “activity immediately before the fall” according to the third level 
of the ICF. If two or more codes applied for the same fall event, the most 
physically demanding activity was coded. In one complex case, the first and 
last author discussed the coding until there was consensus. When there were 
not sufficient data for coding, the activity was classified as “not specified”. 

Categorical data were presented as frequencies and percentages, n (%), and 
ordinal variables were presented as the median (Md) and inter quartile range 
(IQR). Continuous and normally distributed variables were presented as 
means (M) and standard deviations (SD). According to the type of data, Pear-
son’s chi-square test and the independent t-test were used to examine differ-
ences in sex and age between fallers and non-fallers.  

To analyze differences in the distribution of falls that resulted as injurious 
or non-injurious falls with the ICF-classified activities, Pearson’s chi-square 
test was used. Statistical significance was set at p < 0.05, and analyses were 
performed using IBM SPSS statistical software, version 22.0.   
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Figure 4. Overview of studies II-IV. 
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Results 

Opinions on fall prevention in relation to physical 
activity level (Study I) 
Two comprehensive areas of responses emerged (fig 5): internal strategies 
(self-reinforcing or avoidant strategies) and external strategies (external help 
or modification of the environment). The following eight categories of actions 
to prevent falls were identified: behavioral adaptive strategies, being physi-
cally active, healthy lifestyle, avoiding hazards, outdoor modifications, assis-
tive devices, indoor modifications, and seeking assistance. Each category con-
tained three to ten subcategories. For more detailed information, see the pub-
lication from study I. 

 
Figure 5. The two areas of responses, i.e., internal and external strategies. 

The 513 statements were divided into two groups according to whether the 
statements were expressed by physically highly active or less active persons 
(figure 6). The distribution of opinions significantly differed between the two 
groups in the eight categories (p=0.028). Among the highly physically active, 
“behavioral adaptive strategies” was the most frequently represented category, 
with 28.4% of the statements. This category accounted for 19.9% of the opin-
ions in the less active group in which the category “indoor modifications” ac-
counted for the highest proportion, at 40.7%. The proportion of responses for 
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the category “indoor modifications” in the highly physically active group was 
26.4%. There were no distribution differences between the two groups for the 
categories of “assistive devices”, “avoiding hazards”, “healthy life style” or 
“outdoor modifications”.  

 
                                             Number of opinions 

Figure 6. Opinions in the categories (numbers and percentages) n=513; opinions that 
were expressed by low-active persons n=124, and high-active persons n=135. Ar-
rows highlight the primary contributors to the significant difference. 

Feasibility investigation of an RCT (Study II) 
The goals set for the feasibility areas were obtained for all measurements (ta-
ble 4) and all aspects concerning treatment with the exception of the feasibility 
of the physical therapists using the MI-guide to conduct the MI-interventions 
(median=7) and whether the exercises were performed as planned (yes=73%) 
(table 5). The identified advantages and obstacles to performing the exercises 
in the home environment included the following categories: prerequisites for 
participation, applicability, time, and external factors.  

There were no significant differences between the groups for any of the 
outcome measures. The within-group difference for the SPPB significantly 
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improved over time in the OEP+MI group (p=0.046, ES(r)=0.38) and the con-
trol group (p=0.02, ES(r)=0.47). The FES(S) score significantly improved 
over three months in the OEP+MI group (p=0.02, ES(r)=0.45). 

Table 4. Participating PTs’ (assessors) (n=4) ratings and responses on the measure-
ments 

 

Table 5. Participating PTs’ (performing interventions) (n=8) ratings and responses 
for treatment 
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Effects of a 12-month fall prevention intervention with 
and without MI and analyses of the circumstances and 
consequences of falls (Studies III and IV) 
Baseline characteristics for the three groups are presented in table 6, and the 
baseline measures are presented in table 7. There were no significant baseline 
differences among the OEP, OEP+MI or control groups or between those who 
completed the 12-month follow-up and those who were lost to follow-up.  

Of the remaining 96 participants in the two intervention groups at 12 
months, the per-protocol criteria were met by 62 individuals (65%) (OEP n=29 
and OEP+MI n=33). 

Test outcomes 
Between-group data analyses (study III) revealed no significant differences 
for the SPPB, walking speed, grip strength, FES(S), fall rate or injury rate 
outcomes (table 8). There were no within group differences for any of the 
outcome measures. However, for balance and FES(S), more than 50% of the 
participants in the control group deteriorated over the 12-month period.  

Falls  
Falls were reported by 74 individuals (42%) over a 12-month period. Overall, 
there were 185 falls (fall rate 1.06). Forty individuals (23%) reported one fall, 
two to four falls were reported by 26 individuals (15%) and eight participants 
(4.6%) experienced five or more falls. The approximate fall rate over the 12-
month period among the three groups were OEP 1.1, OEP+MI 1.4 and control 
0.6. These differences were not significant. Data for an exact follow-up period 
for each of the 175 participants were not available. However, in the per-pro-
tocol analysis, the fall rate (falls/person/year (±30 days)) were in OEP 1.0, 
OEP+MI 1.1 and control 0.7. These differences were not significant. 
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Table 6. Baseline characteristics of the RCT study participants n=175, n (%)  
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Table 7. Baseline test outcomes n=175, mean ±SD, median[IQR] 

Table 8. Outcome measures in mean and median changes from baseline to 12 months 
and between-group analyses based on ITT and per protocol. 

 

Circumstances of falls 
Most of the falls (75%) occurred in the morning or in the daytime and indoors 
in the bedrooms or living rooms in the older adults’ own homes (64%). The 
perceived causes were often stumbling, hurrying/inattention/stress and per-
ceived balance deficits. 

In the reported fall events, there were 27 different ICF-classified activities 
at the time of the falls (third level of the ICF). These activities were connected 
to 12 categories at the second level in the ICF classification (table 9). The most 
common activities that were related to the fall events were moving around 
within the home (d4600) and rising from sitting to standing (d4104).  
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Consequences of falls 
Over a 12-month period, fall-related injuries were reported by 53 participants 
(30%). Injuries were reported in 83 of the 185 fall events with an overall injury 
rate of 0.47 (OEP 0.5, OEP+MI 0.6 and control 0.3). Injury rates in the per-
protocol analysis for the three groups were OEP 0.6, OEP+MI 0.6 and control 
0.3. These differences were not significant. The number of injured participants 
was significantly higher in the OEP+MI group than in the OEP and control 
groups. Most fall-related injuries were minor (bruises, contusion and abra-
sions) in all groups, and lower limbs were the most often injured. Seven inju-
ries were fractures that were located in different body parts.  

There was no difference in the distribution between injurious and non-in-
jurious falls in the ICF-classified activities at the time of the falls; p=0.403. 
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Table 9. ICF classified activities for 185 fall events in 74 study participants, injuri-
ous and non-injurious falls. 
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Discussion 

Fall prevention in a heterogeneous group of community-
dwelling older adults  
In the past two decades, many studies have been published on fall prevention 
interventions, as have systematic reviews and meta analyses (57, 66, 111, 
112). An updated systematic review and meta-analysis by Sherrington et al. 
(112) states that exercises as a single intervention can reduce falls in commu-
nity-dwelling older people. Currently, there is no evidence that exercise alone 
reduces falls in residential care settings, or among stroke survivors or people 
recently discharged from the hospital. The study participants (studies II-IV) 
were community-dwelling older people but they were selected because they 
needed walking aids or home support which indicated some degree of frailty. 
The mean age of this study sample was 83 years, which was higher than the 
average age in a recent systematic review where more than 50% of the studies 
included participants who had an average age less than 75 years (112). In spite 
of the aging population in Sweden the number of municipality decisions to 
accept individuals to move to nursing homes have decreased (113). Conse-
quently, older people in Sweden remain in their own homes in spite of con-
siderable needs for support (114). In the study sample (study III) 44 percent 
needed home support from social service (25%) and/or relatives (19%). A few 
decades ago did some individuals with similar need of support live in nursing 
homes. Therefore, it is apparent that the sample in study III was representative 
of the very old, who, in many aspects, were frail adults and may not represent 
of older community-dwelling adults in general, which could explain the lack 
of effects in the 12-month evaluation.  

Sherrington et al. (112) concluded that exercise reduces fall rates in com-
munity-dwelling older people by 21% and that there are greater rate reductions 
(39%) from programs that challenge balance and include three or more 
hours/week of exercise. It is challenging to obtain this high level of exercise 
and intensity in sub-groups that are similar to the samples in our studies, as 
attaining exercise adherence of two sessions of 30 minutes per week was dif-
ficult for the participants (study III). 

The most evident differences in opinions between the two groups in study 
I were that the highly physically active group reported more internal behavior 
strategies, such as “reflection before action”, “pace adaptation”, and “stress 
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avoidance”, whereas the less active group more frequently reported environ-
mental modifications, such as “removing carpets and doorsteps” and “putting 
up grab bars and handrails”. These findings contribute to the understanding of 
the different needs for support in preventing falls. Individual considerations 
(115) and differentiating fall prevention interventions are important for im-
proving fall prevention efforts (116). Individual adjustments were considered 
in our RCT, which used MI to support individual activity goals for physical 
exercise. At low levels of risk, several exercise choices are available to older 
people. As the level of risk increases, more tailored progressive exercise pro-
grams that target the physical risk factors that are associated with the falls are 
more effective (116).   

Awareness of preventive actions for falls  
To achieve successful fall prevention for active aging, the WHO fall preven-
tion model emphasizes the importance of awareness at all levels of society 
(54). The WHO model includes awareness among older people as an im-
portant factor in fall prevention (54). The suggested actions and strategies to 
prevent falls that were expressed by community-dwelling people aged 75 
years and older in two Swedish municipalities (study I) displayed a broad 
range of opinions which demonstrated an awareness of the possibility for pre-
venting falls. In the field of fall prevention, older persons are important con-
tributors to dialogs with the community, the health sector, and researchers 
(117), and the older adults should also be given a more participative role in 
health planning and research (118). According to the WHO, participation is 
an essential pillar in active aging (11).  

Medication management 
The use of mediations, specifically psychotropic drugs, is considered to in-
crease the risk of falling, which, in turn, is proportional to the total number of 
medications taken (119, 120). In the older population in Sweden, the preva-
lence of multiple medications (≥5 drugs dispensed) is 75.1% for the 80-89 
years age group (121). Only two individuals mentioned medication manage-
ment (study I) as important for preventing falls and similar results were re-
ported in other studies (56, 122). This highlights the importance of an aware-
ness of the influence of medication on falls among older people.   
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Early studies and subsequent studies 
The results from study III contrast the results of the review and meta-analysis 
of seven studies that examined the outcomes of the OEP by Thomas and col-
leagues (66), which found that the OEP decreases the risk of falls in commu-
nity-dwelling older adults. The studies that were included in the review and 
meta-analysis were predominantly performed by the same research group in 
New Zealand, and the results, which were the first on the OEP, were over-
whelming and also claimed a decreased risk of death in the OEP intervention 
group. However, the contradicting study results could be related to the phe-
nomenon that the first studies in a field might present very effective interven-
tions but with additional research finding less effective results (123).This phe-
nomenon is called the Proteus phenomenon and was named after the Greek 
god Proteus, who could change shape (124).To the best of our knowledge, the 
lack of effects in long-term follow-ups for the OEP have not been found in the 
literature. This may be explained by the phenomenon of submission and pub-
lication bias, in which studies with non-positive or negative results tend to be 
unpublished (125). 

Motivational interviewing support to increase physical 
function 
The RCT (study III) was one of the first studies to evaluate the long term ef-
fects of MI as a supportive tool for increasing exercise behavior in commu-
nity-dwelling older people. The hypothesis that combining OEP and MI in-
crease physical function compared to OEP and a control group was not con-
firmed. The small, positive within group effects that were reported at the three-
month follow-up for physical performance, FES(S) and grip strength in the 
OEP+MI group, and physical performance and FES(S) in the control group 
(126) did not persist at 12 months. However, in a 12-month follow-up of ex-
ercise adherence (not including walks), with the set goal of 104 exercise ses-
sions in 12 months with the same sample as study III, adherence was 46% in 
the OEP and 64% in the OEP+MI group (127). Only one fall occurred during 
exercise, which suggests that the safety margin, which is required when exer-
cises are performed alone at home, was high. This may have indicated that the 
exercises were not sufficiently challenging.  
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Maintaining physical function over 12 months in a 
relatively frail group of older adults 
Aging is related to reduced muscle strength that is attributable to a loss of 
muscle mass, which can lead to decreased physical functioning (29-31).  

The mean walking speed at baseline in all three groups was 0.69 m/s. The 
cut-off for frailty is suggested at 0.65-0.76, adjusted to body mass index, and 
a walking speed of ≤0.8 m/s is suggested to be used in primary care settings 
as a screening level for frailty (128). Our study results indicate frailty in the 
sample for study III. However, all three groups (study III) maintained physical 
functions and activity levels over the 12-month period. These findings might 
be interpreted as positive results as, for example, grip strength is considered 
to decline 0.5 kg/year after age 75 (129). This suggests that the attention to the 
individuals in the study and the documentation of falls may have contributed 
to a degree of awareness of the benefits of physical activity and exercises, 
which may have led to behavioral change in all groups.  

Qualitative characteristics of falls classified according 
to the ICF  
Qualitative characteristics of falls are essential for understanding and identi-
fying situations with an increased risk (110). Comparing the qualitative char-
acteristics of falls is limited by the lack of a standardized system and no clear 
definition of a system in the literature on falls has been defined (110). To our 
knowledge, only one previous study used the ICF to describe the moment of 
a fall, in which the qualitative description helped identify high-risk situations 
(88). In the same study, the ICF was also used to classify environmental fac-
tors (88), and the authors suggested using the ICF in studies and populations 
when fall risk is addressed. To standardize the activities that were performed 
in the moment of a fall in the RCT sample, study IV used the ICF, with results 
that reflected 27 different activities. The activities walking around within the 
home and rising from sitting to standing were the two most common activities 
in which there were both injurious and non-injurious falls. Special attention to 
those activities may have important clinical implications and should be exam-
ined in future studies with a similar population.  

This thesis in relation to the WHO fall prevention model 
The studies in this thesis are related to the different aspects of the WHO fall 
prevention model in the framework of active aging (54). Aspects within the 
model are in italics in the text in this paragraph. Study I can be related to all 
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three central terms that are described in the WHO fall prevention model; an 
awareness of fall preventive actions was raised among the study participants, 
assessment of the differences between subgroups of older adults were per-
formed, and interventions on individual, environmental and health and social 
service levels were the results from the content analysis of the community-
dwelling older adults’ opinions. Studies II and III focused on evaluating the 
effects of physical measures and balance for preventing fall interventions, and 
study IV focused on assessing fall events at behavioral, personal and physical 
environmental levels. This research project, which was supported by public 
resources, may contribute to awareness of the importance of support for ac-
tive self-directed strategies among less physically active older adults; for older 
adults who need walking aids or home support, alternative delivery arrange-
ments and/or more frequent personal support may be required to secure effi-
cient intensity and challenges in exercises that are performed at home. 

Generalizability  
Only 262 of the 378 respondents answered the open-ended question in the 
study I questionnaire. The attrition analysis revealed a higher educational level 
among the open-ended question respondents than the non-responders. There 
is a well-known correlation between response rate and level of education (130, 
131) which implies that the opinions that are reflected in study I represent 
those of highly educated older people. However, in the sample for studies II-
IV, 42% of the participants had attended upper secondary school or univer-
sity/college, which is similar to the average education level for that generation 
in Sweden (44%) (132).  

All participants in studies II-IV chose to participate in a fall prevention 
study. Therefore, the 175 allocated individuals probably represented a selec-
tion and were not representative of all community-dwelling older adults who 
need walking aids or home support.  

The attrition rate over the 12-month period in the two intervention groups 
was higher (OEP 23%, OEP+MI 17%) than in the control group (5%). Drop-
out from fall prevention interventions can be explained by the growing aware-
ness that it may have required more effort than expected to participate in the 
exercise program (133). In general, the lost to follow up at 12 months (study 
III) was due to death (n=7), low motivation or health related reasons (n=21). 
Consequently, the study results represent Swedish speaking, relatively moti-
vated community-dwelling people ages 75 years or older who needed walking 
aids or home support.  
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Methodological considerations 
Study I 
In study I, short narrative spontaneous statements on fall-prevention actions 
were captured via an open-ended question. This method of capturing opinions 
resulted in a broad range of opinions but reflected a relatively superficial view 
of older adults’ opinions on fall-prevention actions. Individual interviews or 
focus groups might have captured more profound knowledge on the subject 
(134). However, there are several advantages of collecting data via a question-
naire; the time, anonymity, completing it at the respondents’ convenience, and 
the researchers have little influence on the responses (134).  
    The self-rating scale for physical activity that was used in study I has been 
frequently used by the Public Health Agency of Sweden but only been vali-
dated to a limited extent (93). This scale was recently further developed into 
a seven-level scale and validated, with a correlation coefficient of 0.7 with 
activity monitors (135). The self-estimated level of performed physical activ-
ity is often overestimated (136, 137). A more reliable method for measuring 
or capturing the physical activity levels of individuals is using activity moni-
tors (136). Using activity monitors was not applicable in study I, which was 
based on the responses to one mail distributed questionnaire. 

Study II 
Before a full-scale trial is performed, it is valuable to perform a feasibility 
study, which is often called a pilot study (138). Reasons for conducting a fea-
sibility study are; to test that the protocol is realistic and workable; to assess 
logistic problems; to detect the needed resources and to collect primary data, 
among others (138). The strength of study II was that it reflected feasibility 
from the physical therapists’ perspectives, which is often overlooked in inter-
vention studies. The results from study II suggested that there was acceptable 
feasibility for the RCT, although planning the exercises for the participants 
and using the MI-guide were noted as difficult. These aspects were considered 
in the RCT and minor changes were implemented in the study protocol. We 
included extra support for the physical therapists in the MI-intervention, and 
special attention was given to the contextual circumstances for planning exer-
cises together with the participants. The limitations of study II are the two 
questionnaires that were completed by the assessors and the physical thera-
pists who conducted the interventions. The questionnaires were not psycho-
metrically evaluated, which may have biased the results. 
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Studies III and IV 
High test and treatment fidelity were assured with thoroughly followed proto-
cols in the intervention groups, regular meetings for the involved assessors 
and physical therapists, and control coding for the MI conversations. 

The OEP and OEP+MI was delivered according to the original OEP (64), 
which included personal support via five home visits and three phone calls 
during 12 months. To receive the desired effect of an exercise program, it 
should be both challenging and safe for the performer (112). To perform ex-
ercises that are challenging when on one’s own and unsupervised might be 
challenging for many people and specifically for frail older people. Only one 
fall was reported during exercise, which might indicate that the participants 
had a high safety margin when they were performing the exercises. The not 
completely controlled level of exercise challenge might help to explain the 
lack of improvements.  

Explanations for the lack of differences between the groups may be due to 
a potential under-powering of the study because of more dispersion in the 
SPPB variable at baseline (SD, 2.4) than expected (SD, 1.5) (108).  The simi-
larities of the two interventions may have also contributed to the lack of dif-
ferences, as well as less controlled activity level in the control group. 

Alternative delivery models for the OEP have been explored the last few 
years. Yoo and co-workers (139), in the republic of Korea, studied the effect 
of augmented reality-based OEP on balance, gait, and falls-efficacy in older 
women in a study with a small sample. Augmented reality provides reality and 
additional information using external projection equipment combined with an 
image target, which increases the reality effects, and increases feedback, mak-
ing flexible imagined changes become a reality and vice versa (139). There-
fore, the treatment gradually increases task complication and helps in increase 
the effects of the exercises (139). The augmented reality-based OEP displayed 
significant increases in balance, velocity, cadence, step length and falls-effi-
cacy. Another delivery model for home based OEP, with participants’ mean 
age of 80 years, was examined in the United States by Shubert and co-workers 
(140), in which a physical therapist acted as a consultant and therapy assistants 
and exercise physiologists performed the home visits. This alternative model 
included eight home visits and weekly phone calls over a six-month period. 
Those who completed six months had significant improvements in all physical 
functioning assessments and the participants in the sub-group who demon-
strated improvements in the ability to rise from a chair reported significantly 
less falls (140). The participants in Shubert et al.’s study received personal 
home-visit support 1.3 times/month and phone calls 4 times/month, which is 
significantly more than 0.4 home visits and 0.25 phone calls per month in our 
study and the original OEP protocol. There is a need for additional knowledge 
on delivering models and personal support frequencies in home delivered OEP 
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in community-dwelling older adults, in general, and in individuals who need 
of walking aids or home support.   

The coding of activities in study IV was performed by one author, except 
in one complex case. Two or more coders would have strengthened the trust-
worthiness of the results. The coding of activities preceding falls into the ICF 
format has been used (88) but has not yet been defined as standard to describe 
qualitative characteristics for falls in the literature (110). Consequently, the 
use of the ICF to classify activities at the moment of a fall should be further 
studied. 
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Conclusions 

 Older adults’ suggestions for important actions to prevent falls dif-
fered between highly active and low-active community-dwelling 
older adults. Behavioral adaptive strategies were more frequently re-
ported by highly active people, and indoor modifications were more 
frequently noted by less active older adults. Support for self-directed 
behavioral strategies could be important for preventing falls among 
less physically active older adults. 

 
 The physical therapists perceived the study protocol for the planned 

RCT with home exercises with or without the support from MI as fea-
sible for assessments and interventions. However, the adherence to 
exercises and the workability of the MI guide did not fully meet the 
set goals. The research program was improved based on these aspects. 

 
 Home exercise interventions, OEP or OEP+MI, with personal support 

that was performed nine times over a 12-month period showed no out-
come benefits for community-dwelling people aged 75 years and 
older who needed walking aids or home support. In this sub-group of 
older adults, more frequent personal support and/or alternative deliv-
ery arrangements may be required for efficient intensity and chal-
lenges in the exercises that are performed at home. 

 
 Over a 12-month period, falls and fall-related injuries in the RCT sam-

ple were most common while moving around within the home and 
rising from sitting to standing. Special attention to these activities may 
be important to preventing falls in community-dwelling older adults 
who need walking aids or home support. 

  
 
 

 
 



 51

Clinical implications 
Fall prevention programs often include physical activity and exercise as an 
important component of the intervention. These programs are valuable for 
many individuals, but a more individualized approach might be needed to en-
hance physical activity and other self-management strategies in older individ-
uals who need walking aids or home support, have low self-efficacy, and a 
low physical activity level. There should be a clear focus on dialogue with the 
individuals about their individual current physical activity levels and thoughts 
on fall prevention. This could provide a basis for setting realistic goals regard-
ing behavioral change to promote fall prevention, and the individual should 
participate in the process. If home exercises are performed to enhance physical 
functioning, the individual and the physical therapist should reflect on the spe-
cific exercise to determine whether it can be accomplished with enough chal-
lenge when the physical therapist is not present. Regular follow-ups and ad-
justments in exercise levels to secure safety and enough difficulty in the exer-
cises are recommended.  
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Future research  
The results of this thesis highlight the need for additional knowledge on fall 
prevention awareness, assessment and interventions related to the sub-groups 
of community-dwelling older adults who are less active, and of those who 
need walking aids or home support, which indicates some degree of frailty. 

Recommendations are as follows: 
 

 To further identify and evaluate appropriate individual support for 
this sub-group of older adults. 

 
 To further investigate how to optimize the OEP home exercise pro-

gram, as well as other exercise programs, for individuals and sub-
groups. 

 
 To further investigate the effects of MI and other behavioral sup-

port methods for enhancing physical activity in sub-groups of older 
adults. 

 
 To further engage and involve older adults in health planning and 

research. 
 
 To further evaluate the ICF as a tool for standardizing the qualita-

tive characteristics of falls.  
 
 To further investigate the potential importance of regular contact 

and follow-up by health personnel on the physical behaviors of in-
dividuals and sub-groups. 
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Svensk sammanfattning (Swedish summary) 

Den ökande medelåldern hos världens befolkning utgör en stor utmaning för 
samhället. Fall är den främsta orsaken till oavsiktliga skador bland äldre per-
soner och fallolyckor leder till personligt lidande och en omfattande samhälls-
börda. Forskning inom fallprevention visar att regelbunden hemträning kan 
förhindra fall i gruppen äldre personer i eget boende men dessa personer är 
inte en homogen grupp när det gäller fysisk förmåga och fysisk aktivitet. Per-
soner 75 år och äldre som bor i eget boende och som är i behov av gånghjälp-
medel eller stöd i hemmet är en grupp som, avseende fallprevention, studerats 
i begränsad omfattning och det är därför viktigt att undersöka hur dessa svarar 
på hemträning och på beteendeförändringsstöd när det gäller att utföra och 
vidmakthålla träning och fysisk aktivitet. Omständigheter och konsekvenser 
av fall i denna relativt sköra grupp är också studerat i begränsad omfattning 
liksom äldre personers egna kunskaper, uppfattningar och strategier gällande 
fallprevention. 

Syftet med denna avhandling var att undersöka och beskriva äldre perso-
ners uppfattningar om fallförebyggande åtgärder och att beskriva omständig-
heter och konsekvenser av fall samt att utvärdera träningsprogrammet Otago 
Exercise Program (OEP) med respektive utan stöd av motiverande samtal 
(MI).  

Avhandlingen består av fyra delstudier med deltagare som är 75 år eller 
äldre och bor i eget boende i Sverige. I tre av delstudierna hade de äldre per-
sonerna behov av gånghjälpmedel eller stöd i hemmet i form av hemtjänst 
eller säkerhetslarm vilket indikerar ett visst mått av skörhet. I studie I inklu-
derades 262 personer och studierna II-IV baserades på en grupp av 175 delta-
gare varav de första 45 deltog i studie II. I studie II var även 12 fysioterapeuter 
studiedeltagare. Både kvalitativ och kvantitativ forskningsmetodik användes 
och studiernas design var: deskriptiv och jämförande tvärsnittsstudie (I), de-
skriptiv genomförbarhetsstudie (feasibility) (II), randomiserad kontrollerad 
studie (RCT) samt en deskriptiv prospektiv studie (IV). Datainsamling ge-
nomfördes via självrapportering i frågeformulär, i fallkalendrar och i tränings-
dagböcker samt genom fysiska test och semi-strukturerade frågeformulär via 
telefonsamtal. Två interventioner (OEP med respektive utan stöd av MI) jäm-
fördes med en kontrollgrupp i studie II (feasibility) och i studie III (en 12-
månadersuppföljning).  

Äldre hemmaboende personers uppfattningar om viktiga åtgärder för att 
förhindra fall skiljde sig åt mellan dem som hade en högre respektive lägre 
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fysisk aktivitetsnivå (p=0,028) där anpassade beteendestrategier nämndes i 
större utsträckning av dem med högre fysisk aktivitetsnivå och anpassningar 
av inomhusmiljön oftare nämndes av personer med lägre fysisk aktivitetsnivå 
(studie I). Stöd för självreglerande anpassade beteendestrategier kan vara av 
betydelse vid fallprevention för äldre personer med låg fysisk aktivitetsnivå. 

Undersökningen av studieprotokollet för den planerade randomiserade 
kontrollerade studien visade acceptabel genomförbarhet och endast mindre ju-
steringar gjordes i protokollet (studie II). Hemträningsinterventionerna, OEP 
eller OEP+MI, med stöd av fysioterapeut nio gånger under en 12-månaders-
period visade ingen fördel avseende utfallsmåtten jämfört med en kontroll-
grupp men alla grupper bibehöll fysisk funktion och fysisk aktivitetsnivå un-
der en 12-månadersperiod. För att säkerställa ändamålsenlig intensitet och ut-
maning vid hemträning med avsikt att förbättra fysisk funktion och reduktion 
av fall bland hemmaboende äldre personer med behov av gånghjälpmedel el-
ler stöd i hemmet, bör troligen mer personligt stöd för träning erbjudas alter-
nativt andra former för hur träningen ska genomföras. 

Hos de personer som under 12 månader deltog i den randomiserade kon-
trollerade studien var fall och fallskador vanligast i samband med aktiviteterna 
att röra sig omkring i hemmet och att resa sig från sittande till stående (studie 
IV). Uppmärksamhet bör särskilt riktas mot dessa aktiviteter i samband med 
fallpreventiva åtgärder för hemmaboende personer 75 år och äldre med behov 
av gånghjälpmedel eller stöd i hemmet. 
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