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ABSTRACT

Edgren, Johanna

Physical Disability in Community-Dwelling Older People after Hip Fracture -
Randomized Controlled Trials with Physical Rehabilitation

Jyvéskyld: University of Jyvéskyld, 2013, 109 p.

(Studies in Sport, Physical Education, and Health

ISSN; 0356-1070; 201)

ISBN 978-951-39-5478-9 (nid.)

ISBN 978-951-39-5479-6 (PDF)

Finnish summary

Diss.

Less than half of the hip fracture survivors will regain their pre-fracture level of
physical functional capacity. The purpose of this study was to investigate the
effects of progressive resistance training and the effects of multi-component home-
based rehabilitation among older people who had sustained a hip fracture.
Additionally, the associations of decreased balance confidence and impaired
functional balance in relation to physical disability were studied.

This study reports the results of two randomized controlled trials. The
participants were community-dwelling men and women aged 60 and 60+. Of
the 159 participants, 43 participated in 3-month resistance training (Hip
Asymmetry). Additionally, 81 participated in a 1-year multi-component home-
based rehabilitation program (ProMo). Physical disability (ADL and IADL) was
assessed by a questionnaire. Balance confidence was assessed by the ABC Scale
and functional balance by Berg Balance Scale. In the Hip Asymmetry study the
measurements were performed before and after the training period and in the
ProMo study at baseline and 3, 6, and 12 months thereafter.

Balance confidence and functional balance were strongly associated with
physical disability. Theoretically, a ten-point decrease in the ABC score increased
the risk for disability by 10% (IRR 0.99; 95% CI 0.98-0.99) while the same decrease
in the Berg score increased the risk for disability by 20% (0.98; 0.96-0.99).
Resistance training improved independence especially in ADL (ANCOVA p=0.034).
Home-based multi-component rehabilitation did not have a wide-ranging effect on
disability. However, for the single disability items, borderline significant positive
effects were observed for preparing food and handling medication (interaction
p=0.061 and p=0.061, respectively). Additionally, the per-protocol analysis
suggested that home-based multi-component rehabilitation may reduce ADL and
IADL disability extensively.

Balance confidence and functional balance were strongly associated with
physical disability. Additionally, the results indicate a beneficial effect of resistance
training on physical disability. Multi-component home-based rehabilitation may
also reduce both ADL and IADL disability more broadly.

Keywords: aging, balance, elderly, falls, functional capacity, disability, fractures,
physical activity, physical therapy, rehabilitation, exercise
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1 INTRODUCTION

Hip fracture is among the most devastating traumas in older people. Previous
studies have clearly demonstrated that hip fracture patients comprise a special
group of older people with high risk for long-lasting physical disability
(Lonnroos et al. 2006, Fiatarone Singh et al. 2009). Less than half of hip fracture
survivors will regain their pre-fracture level of functional capacity (Eastwood et
al. 2002, de Luise et al. 2008) and up to 30% will be permanently
institutionalized. Moreover, hip fracture patients often suffer from impaired
postural balance (Sherrington & Lord 1998), fear of falling (Sihvonen et al. 2009),
persistent pain (Herrick et al. 2004, Visser et al. 2000) and muscle weakness
(Sherrington & Lord 1998), leading to physical inactivity (Salpakoski et al. 2011).
All these factors together have an essential role in the development of
prolonged mobility difficulty, which in turn predicts the onset of physical
disability in tasks essential for independent living in the community (Rantanen
et al. 1999).

Disability can be defined as difficulty in performing the activities of daily
living in a social context, and thus reflects an imbalance between a person’s
functional capacity and the requirements of the environment (Verbrugge & Jette
1994). The activities of daily living can be divided into basic (ADL) (Katz et al.
1963) and instrumental (IADL) activities (Lawton & Brody 1969). ADL tasks are
fundamental self-care related activities such as eating and bathing. IADL tasks
are somewhat more complicated (e.g. preparing meals or using public transport)
and comprise aspects of psychological and social capability. On the other hand,
while not absolutely necessary for daily functioning, IADL tasks enable
independent living in a community. When functional capacity decreases,
difficulties usually begin with IADL and later proceed to ADL (Gill, Williams &
Tinetti 1995).

Fractures in older people result usually from the combination of a fall and
low bone density (Karlsson et al. 2013). Approximately 95% of all hip fractures
are caused by a fall (Jarvinen et al. 2008, Karinkanta et al. 2010). Hence, risk
factors for falls are also risk factors for fractures. Risk factors of falling can be
divided into intrinsic (e.g. low body mass, medical co-morbidities,
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musculoskeletal diseases, cognitive impairment, sensory impairments, gait and
balance disorders) and extrinsic risk factors (e.g. slippery or uneven surfaces,
poor lighting, chairs and armchairs without handrails, and unsuitable footwear)
(Tinetti et al. 1995, Jarvinen et al. 2008, Gillespie et al. 2012, Cameron et al. 2012).
The various risk factors interact with each other, and there is large individual
variation (Karinkanta et al. 2010). Moreover, individuals with multiple risk
factors are at especially high risk for fracture (Cummings et al. 1995).

After a previous hip fracture, impaired functional balance and muscle
weakness are considered to be among the most common risk factors for further
falls and fractures (Sihvonen et al. 2009, Tinetti, Speechley & Ginter 1988, Tinetti
et al. 1995). Moreover, poor lower limb explosive power combined with
asymmetry between limbs may be stronger predictor of falls than more
traditional measurements of strength in older people who live independently
(Skelton, Kennedy & Rutherford 2002). Balance control and adequate muscle
strength together have a fundamental role in coping with various activities of
daily living, particularly those which require independent standing or walking
(e.g. housework or shopping). Furthermore, those who have experienced a fall
with a traumatic consequence often suffer from low balance confidence (i.e. fear
of falling), even several years after the incident (Sihvonen et al. 2009). In
addition, impaired balance confidence is independently associated with
physical performance (e.g. muscle strength and gait speed) (Liu-Ambrose et al.
2006). Thus low balance confidence may lead to avoidance of physical activity,
in turn leading to an increase in and prolonging physical disability (Jellesmark
et al. 2012). Furthermore, low balance confidence is an independent risk factor
for future falls (Li et al. 2003, Kulmala et al. 2007) and it has shown to be
associated with quality adjusted life years (Davis, Marra & Liu-Ambrose 2011).
Therefore fear of falling should be taken into consideration when designing and
implementing rehabilitation programs.

Based on previous research, it is known that progressive resistance
training can improve muscle strength (Hakkinen & Hiakkinen 1995, Skelton et al.
1995, Sipild et al. 1996), muscle mass (Wieser & Haber 2007), functional ability
(Skelton et al. 1995), aerobic capacity (Wieser & Haber 2007), dynamic balance
(Holviala et al. 2006), and health related quality of life (Brovold, Skelton &
Bergland 2013) among older adult. Additionally, prior studies have indicated
that balance training may improve functional balance (Li et al. 2005, Salminen et
al. 2009) and gait speed (Vrantsidis et al. 2009), reduce fall risk (Sihvonen et al.
2004) and fear of falling (Vrantsidis et al. 2009), and maintain overall physical
functioning (Li et al. 2005, Gine-Garriga et al. 2010) even in frail older people.
However, in clinical populations, such as hip fracture patients, there is
insufficient evidence on whether improved muscle strength and functional
balance can affect perceived difficulty in performing daily activities (Liu &
Latham 2009, Liu & Latham 2010). The associations of low balance confidence
and balance impairments in relation to physical disability should be studied
more carefully to better understand the factors potentially affecting recovery
and rehabilitation processes after a hip fracture. Additionally, more research is
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needed on what kind of rehabilitation would be the most effective in reducing
physical disability after a hip fracture.

The search for an optimal rehabilitation model for hip fracture patients has
evoked increasing interest in home rehabilitation partly because it can be
considered a feasible, easily accessed, and cost-effective rehabilitation option
also for the frailest and most diseased persons. When rehabilitation is
implemented outside the home, it requires equipment, facilities and the ability
to travel. Immediately after hospital discharge hip fracture patients are often
weak and tired, and therefore not able to participate in rehabilitation elsewhere
than home on a regular basis. Moreover, it is precisely frail person who would
potentially benefit most from home-based rehabilitation. Thus far, insufficient
evidence exists on the effects of home-based rehabilitation programs on
physical disability among older people who have suffered a hip fracture, as the
previous research has yielded conflicting results (Zidén, Kreuter & Frandin
2010, Orwig et al. 2011).

The purpose of this study was to investigate the effects of individually
tailored progressive resistance training and the effects of a multi-component
home-based rehabilitation program on physical disability among community-
dwelling older people who have sustained a previous hip fracture. In addition,
the associations between balance confidence and impaired functional balance in
relation to physical disability were studied.



2 REVIEW OF THE LITERATURE

2.1 Hip fractures and physical disability among older people

Hip fractures are fractures of the proximal femur. They can be subdivided into
intra-capsular fractures (those occurring proximal to the attachment of the hip
joint capsule to the femur) and extra-capsular (those occurring distal to the hip
joint capsule) (Handoll, Sherrington & Mak 2011). The majority of hip fractures
occur among people =50 years, and about two-thirds occur in females
(Duodecim 2011, Morrison et al. 2013). In Finland, approximately 7 000 hip
fractures (range 6 750-7 330) occurred annually during the years 1996-2008
(Duodecim 2011). Of these, 61% were femoral neck fractures, 30% trochanteric,
and 9% pertrochanteric. Although the incidence of hip fractures has been on the
decrease in several western countries (Gehlbach, Avrunin & Puleo 2007, Leslie
et al. 2010), the number of hip fractures is expected to rise with the worldwide
aging of populations and longer life expectancy worldwide (Lonnroos et al.
2006, Cooper et al. 2011).

A fracture occurs when a force, such as a fall-related trauma, is applied to
the bone (Kannus et al. 2005, Jarvinen et al. 2008). Nearly all hip fractures (95%)
among older people result from a fall (Karinkanta et al. 2010). The rest occur
mainly because of a collapse or load-induced strain on a weak bone (Karinkanta
et al. 2010, Karlsson et al. 2013). Therefore, the type and severity of the
fall/collapse, and bone density, determine whether a fracture occurs (Jarvinen
et al. 2008, Karlsson et al. 2013).

People suffering a hip fracture frequently have medical and physical
problems associated with ageing, as well as impaired mobility (Handoll,
Sherrington & Mak 2011). Moreover, after hip fracture older people are at high
risk for long-lasting disability (Magaziner et al. 2003, Rohde et al. 2010) i.e.
difficulty in tasks which are essential for independent living in the community
(Jette 2006). This may lead to institutionalization as well as marginalization in
society.
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211 Common risk factors for hip fractures

Risk factors for fractures are numerous. They interact with each other and
persons with multiple risk factors are at especially high risk for a fracture
(Cummings et al. 1995, Karlsson et al. 2013). Falling is clearly the strongest
single risk factor for hip fractures, since nearly all hip fractures are caused by a
fall (Karinkanta et al. 2010). In particular, high age, previous falls and low
physical activity are associated with higher risk for hip fractures, since they
increase both the probability for falls and osteoporosis (Duodecim 2011). One-
third of older adults aged 65 years and older fall at least once each year. The
rate increases substantially with increasing age, and approximately half of 80-
year-olds and older fall every year (Rubenstein & Josephson 2002, Lord &
Sturnieks 2005). The incidence of hip fractures increases 13-fold between age 60
and 90. Accelerating loss of bone mineral density explains part of this increase.
However, most of the increase is explained by the increasing number of fall
accidents during aging (de Laet et al. 1997). Notably, number of falls among
those living in an institution is two-fold higher than among those living at
home (Rapp et al. 2008).

There are several ways of categorizing the risk factors for fractures. A
Finnish group of medical experts (Duodecim 2011) has divided the risk factors
for hip fractures into risk factors for falls and risk factors for osteoporosis
(Duodecim 2011). Other common approach is to divide risk factors into those
which can be modified with rehabilitation interventions (e.g. decreased muscle
strength and impaired balance) versus those which cannot be modified (e.g. age,
gender, ethnicity, inheritable diseases, and the number of previous falls)
(Karinkanta et al. 2010). In this study we focus on risk factors which can be
affected by physical rehabilitation and counseling.

Since falls are the most common reason for hip fractures, the risk factors
for falls must also be considered risk factors for fractures (Kannus et al. 1999,
Karinkanta et al. 2010). Falls result from an interaction between environmental
characteristics (extrinsic risk factors) and a physiology inadequate to cope with
these (intrinsic risk factors) (Karinkanta et al. 2010, Tinetti & Kumar 2010).
Based on prior research, the strongest modifiable risk factors for falling
comprise functional- and mobility-related factors such as low muscle strength
(de Rekeneire et al. 2003, Lloyd et al. 2009), gait abnormalities (Lord, Lloyd & Li
1996, Tinetti & Kumar 2010), and balance impairments (de Rekeneire et al. 2003,
Lloyd et al. 2009). Additionally, the number of previous falls (Sihvonen et al.
2009, Tinetti & Kumar 2010), fear of falling (Delbaere et al. 2010Db,
Hadjistavropoulos, Delbaere & Fitzgerald 2011), falls efficacy (Kulmala et al.
2007, Delbaere et al. 2010b), musculoskeletal pain (Marcantonio et al. 2001,
Panel on Prevention of Falls in Older Persons, American Geriatrics Society and
British Geriatrics Society 2011), impaired vision (Lord et al. 1994, Lord &
Dayhew 2001), and use of specific medications (Lloyd et al. 2009, Panel on
Prevention of Falls in Older Persons, American Geriatrics Society and British
Geriatrics Society 2011) are important risk factors for falls. However, because
the bone density and quality affect the breaking point at which a fracture occurs,
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it is important to recognize the factors that alter bone health throughout the life
span (Kanis 2002, Jarvinen et al. 2008).

Bone strength primarily reflects the integration of bone mineral density
(BMD) combined with bone geometry, turnover, damage accumulation and
mineralization of the bone (NIH Consensus Development Panel on
Osteoporosis Prevention, Diagnosis, and Therapy 2001). BMD accounts for
approximately 60-80% of bone strength. (NIH Consensus Development Panel
on Osteoporosis Prevention, Diagnosis, and Therapy 2001, Jarvinen et al. 2008,
Lonnroos et al. 2006, Fiatarone Singh et al. 2009). According to the operational
definition of the World Health Organization, BMD below 2.5 standard
deviations (SD) of the mean in young, white adult women indicates
osteoporosis (World Health Organization 1994). Osteoporosis increases the risk
for fractures multifold, especially among those aged 60 or older (Kanis 2002).

2.1.2 Physical disability and other devastating outcomes of hip fractures

Outcomes of hip fractures are often devastating. Furthermore, co-morbidity and
poly pharmacy often complicate the treatment of elderly patients and induce
substantial risk for developing serious complications (de Luise et al. 2008,
Abrahamsen et al. 2009). About one-third of hip fracture patients will die
during the first post-fracture year, compared with an expected annual mortality
of about 10% in this age group (Roche et al. 2005). Those who survive usually
suffer from persistent pain (Visser et al. 2000, Herrick et al. 2004), muscle
weakness (Sherrington & Lord 1998), impaired postural balance (Sherrington &
Lord 1998, Sihvonen et al. 2009) and low balance confidence (Sihvonen et al.
2009, Jellesmark et al. 2012). All these factors together may lead to physical
inactivity (Salpakoski et al. 2011), which has a central role in the development of
mobility difficulty, physical disability and deterioration in quality of life for
several years after the incident (Kirke et al. 2002, Magaziner et al. 2003, Rohde et
al. 2010).

Finally, an elderly person sustaining a hip fracture might have difficulty
even in coping with the basic activities of daily living that are essential for
independency in the community (Jette 2006). This kind of disability involves
individual and societal consequences that include greater use of health and
social services (Ferrucci et al. 1997), lower subjective well-being (Tidermark et al.
2002), and increased mortality (Guralnik et al. 1991). Consequently, around 10-
30% of hip fracture survivors will be compelled to move into an institution
(Magaziner et al. 2000, Nurmi et al. 2003, de Luise et al. 2008). In Finland, the
direct health care costs during the first post-fracture year are approximately
20 000 € (Duodecim 2011). If a community-dwelling person is institutionalized
due to hip fracture, the total health care cost for the first year will rise
tremendously (Nurmi et al. 2003).

Several known factors are associated with recovery of the physical
functioning after a hip fracture. Many diseases, such as depression (Morghen et
al. 2010), cognitive impairments (Hakkinen et al. 2007), low pre-fracture
functional capacity (Eisler et al. 2002), low post-operative functional capacity
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(Heinonen et al. 2004), late mobilization (Hoenig et al. 1997), malnutrition
(Ponzer et al. 1999), and post-fracture delirium (Marcantonio et al. 2001), are
associated with functional recovery after a hip fracture. Moreover, strong and
resilient post-fracture fear of falling, together with balance impairments,
potentially reduces the willingness to engage in physical activity, thereby
complicating the rehabilitation process (Sherrington & Lord 1998, Sihvonen et
al. 2009, Jellesmark et al. 2012). Furthermore, among many older patients their
muscle strength reserve is low and coping with daily activities requires
maximal effort (Creditor 1993). On the other hand, bed rest, immobilization,
and inactivity reduce muscle strength and bone density, and accordingly
increase the risk for new falls and fractures (Neander et al. 1997, Fox et al. 2000,
Karinkanta et al. 2010). Moreover, offending pain and problems of bone
ossification are associated with poor physical functioning after a fracture
(Borgquist et al. 1992, Tidermark et al. 2002). However, older age is not a barrier
to recovery. Based on follow-up studies, the prognosis even for hip fracture
patients over age 90 may be good (Shah et al. 2001, Tanaka, Tokimura & Seki
2003, Pelavski Atlas et al. 2009).

2.1.3 Assessing physical disability

In this study, we define physical disability as difficulty in performing the
activities of daily living in a social context. This is based on the definition given
by Verbrugge and Jette (1994) stating that physical disability reflects an
imbalance between a person’s physical functional capacity and the
requirements of the environment. Thus assessing the ability to cope with the
activities of daily living is one way of mapping the functional capacity of an
individual. The activities of daily living can be divided into basic (ADL) (Katz
et al. 1963) and instrumental (IADL) activities (Lawton & Brody 1969). ADL
tasks are fundamental self-care related activities such as eating and bathing.
IADL tasks are somewhat more complicated (e.g. preparing meals or using
public transport) and comprise aspects of psychological and social capability.
Although IADL tasks may not be absolutely necessary for daily functioning,
they enable independent living in a community. When functional capacity
decreases, difficulties usually begin with IADL and later proceed to ADL (Gill,
Williams & Tinetti 1995).

Mobility difficulty is usually measured in the laboratory setting using
performance-based tests such as gait speed or maximal muscle strength or
power. However, physical disability is typically assessed by self-report
(Guralnik et al. 1989). Sometimes proxy or professional responses are also used.
Assessment of physical disability can be carried out for instance at home, in an
institution, or at the practice of the health care professional (Katz et al. 1963,
Lawton & Brody 1969).

When reporting perceived disability a person typically reflects on his/her
functioning over at least a couple of days and may base the evaluation on
reliance on various aids or equipment (Guralnik et al. 1989). In contrast,
performance-based laboratory measurements examine performance only at a
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single point in time and do not reflect adaptations made to facilitate a person’s
daily living (Tinetti & Ginter 1988, Guralnik et al. 1989, Myers et al. 1993).
Consequently, international clinical intervention trials for conditions prevalent
among elderly people (e.g. hip fractures) often include disability as one of the
key outcomes (Chan et al. 2012).

Earlier studies have found good agreement between the results of self-
report measures of physical function and the results of performance-based
measures in older people who have sustained a hip fracture, and thus either
type of measure would be suitable for use in clinical trials (Latham et al. 2008).
Previous research by Kivinen et al. (1998) showed that self-reported functional
capacity and performance-based tests correlated significantly among 70- to 89-
year-old men, and that the risk for disability increased systematically with
decreasing performance in every performance test. The researchers stated that
the choice of what measurement or assessment tool to use in assessing
functional status should be based on the research objective and the study
population (Kivinen et al. 1998).

Many different disability scales, designed for specific purposes, and
various modifications and combinations of these are available. The use of
assessment tools varies according to the researcher’s initial interests and prior
experience. The contents of scales and comparisons between scales have been
studied in several reviews (Kane & kane 1981, Applegate, Blass & Williams
1990, Reuben, Siu & Kimpau 1992, Kidd & Yoshida 1995, Chan et al. 2012). In
practice, the content of different indexes has become established over the years,
although some cultural variation exists. The tools most commonly used to
assess for physical disability among older people, with special focus on the
scales used in this dissertation, are described next.

Measuring independence in the activities of daily living

The Index of Activities of Daily Living (Index of ADL), described by Katz & Ford
(1963), was the first ADL index and it may also be the most familiar one. It was
initially developed to assess functioning among chronically diseased persons
and those transmitted to long-term care (Katz et al. 1963, Katz & Akpom 1976).
The Index of ADL covers six basic human functions: feeding, bathing, dressing,
toileting, transferring, and continence. These are assessed dichotomously: able
to cope without assistance/needs assistance. Based on the scores, functional
capacity can be divided into seven categories (A-G): A=totally independent in
all six tasks, G=needs assistance in all six tasks. Information is provided by
health care professionals, the patient, or medical records. In the later versions of
the index, especially in assessing community-dwelling persons, the item
continence is usually left out (Jette & Branch 1985, Laukkanen et al. 2001).
Additionally, in the Finnish version, the assessment scale is often modified to
form five categories (1=Able to manage without difficulty, 2=Able to manage
with some difficulty, 3=Able to manage with major difficulty, 4=Able to
manage only with the help of another person, and 5=Unable to manage even
with help) to provide more accurate information on the level of functioning.
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The Katz ADL index can be administered by observation or interview and in
some cases by interviewing a proxy. It provides an easy and objective method
of classifying heterogeneous groups of people with chronic illnesses, disabilities
and impairments, and describing their health needs and outcomes (Katz &
Akpom 1976). The Katz index has proved to be valid instrument to assess
disability among older people (Gaugler et al. 2007, Wang, Sheu & Protas 2007).
Reliability assessments among, for instance, Turkish, Moroccan, and Dutch
elderly populations have demonstrated good internal consistency for each
ethnic group with Cronbach's alphas of 0.84-0.94 (Reijneveld, Spijker &
Dijkshoorn 2007). The disadvantage of the measure is that it provides insights
on only a limited number of activities.

The Barthel Index assesses ten basic daily activities: eating, moving from
wheelchair to bed and return, personal hygiene (wash face, comb hair, shave,
clean teeth), getting on and off toilet, bathing, walking on a level surface (or if
unable to walk, propel a wheelchair), ascending and descending stairs,
dressing, controlling bowel, and controlling bladder (Mahoney & Barthel 1965).
Items are rated (0-10) according to the amount of assistance required to
complete each activity, and the total score ranges from 0 to 100. The Barthel
Index is usually used to assess functional capacity among institutionalized
persons (e.g. neurological or geriatric patients) and the assessment is commonly
carried out by a health care professional, although self-report can also be used
(Mahoney & Barthel 1965, Duffy et al. 2013). The weakness of the The Barthel
Index is that the reliability and validity have been studied mostly among stroke
patients. In other clinical groups (e.g. among hip fracture patients) the validity,
reliability and sensitivity turned out to be low (Applegate, Blass & Williams
1990, Laake et al. 1995, Potter, Evans & Duncan 1995).

Measuring independence in the instrumental activities of daily living

The Index of Instrumental Activities of Daily Living, originally described by
Lawton & Brody (1976), is probably the instrument most commonly used to
assess physical disability worldwide (Martin-Lesende et al. 2006). The tasks
included in the IADL scale are more complicated and require more cognitive,
psychological and social skills than the ADL tasks. On the other hand, IADLs
are not essential for fundamental functioning, although they enable
independent living in the community. When an individual’s functional capacity
decreases, difficulties usually begin with IADLs and later proceed to ADLs (Gill,
Williams & Tinetti 1995). IADL tasks are more culture- and gender-bound than
those in the ADL scale. Traditionally, eight functional domains are measured:
preparing meals, doing laundry, housekeeping, handling medication, using the
telephone, using public transportation, and handling finances. Historically,
women were scored in all eight domains, while men were not scored in the
domains of food preparation, housekeeping, and laundering. Currently,
recommendation is to assess all domains for both genders (Lawton et al. 2003).
In the Finnish version, the IADL scale is often modified to form five functional
categories as the case of the Katz ADL scale. The internal consistency of the
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Lawton IADL scale is reported to be 0.94 in a Spanish and 0.99 in a Chinese
population (Hokoishi et al. 2001, Vergara et al. 2012). The validity of the scale
has been proven to be excellent (Gaugler et al. 2007, Wang, Sheu & Protas 2007).

The Instrumental Activity Measure (IAM) was originally developed to
supplement the Functional Independence Measure (FIM) and has an
instrumental structure similar to that of the FIM (Grimby et al. 1998, Daving,
Andrén & Grimby 2000). The IAM contains eight items assessed on a seven-
point scale according to the subject’s self-perceived difficulty in performing
each activity. It is a feasible, reliable and valid measure for use among disabled
persons (Daving, Andrén & Grimby 2000, Daving, Claesson & Sunnerhagen
2009).

The Frenchay Activities Index (FAI) is used, in particular, among stroke
patients to assess rehabilitation outcomes (Wade, Legh-Smith & Langton Hewer
1985). This index comprises three factors (domestic chores, leisure/work and
outdoor activities) and yields a sum score ranging from 15 to 60. It has been
shown to be a valid measure and to have acceptable reliability in different
populations (Miller, Deathe & Harris 2004, Wu et al. 2011, Imam & Miller 2012).

Multidimensional measures of disability

Like all the aforementioned assessment tools, multi-dimensional disability
scales also assess coping with activities of daily living but extend beyond these
to include variables related to health, cognitive capacity, social relations,
hobbies, psychological well-being, service use and living environment.
Examples of these instruments are the Functional Independence Measure (FIM),
the 36-Item Short Form Health Survey (SF-36), the Functional Status
Questionnaire (FSQ), and the Functional Status Index (FSI) which are next
described briefly.

The Functional Independence Measure (FIM) is an 18-item, seven-step scale
developed to consistently assess the severity of a patient’s disability and the
functional outcomes of medical rehabilitation (Keith et al. 1987). However, the
FIM mainly assesses the need of physical assistance and cognitive problems -
not perceived difficulty or quality of life. Therefore the Instrumental Activity
Measure (IAM) was developed to supplement the FIM. However, the FIM is a
reliable and valid instrument for the assessment of functional independence
when used by trained medical rehabilitation clinicians (Granger et al. 1993,
Hamilton et al. 1994, Daving, Claesson & Sunnerhagen 2009).

The 36-Item Short Form Survey (SF-36) is a generic self-report health survey
comprising 36 questions on eight dimensions covering health, functioning and
well-being (Ware & Sherbourne 1992, McHorney, Ware & Raczek 1993). The SE-
36 is often referred to as a measurement of health-related quality of life.
However, in some of the studies e.g. Mangione et al. (2005) and Crotty et al.
(2003) (see Table 1) the physical function subscale of the SF-36 has been used to
measure physical disability. The original SF-36 vas developed in the Medical
Outcomes Study (MOS). Subsequently, a commercial version of the SF-36 was
made available, while the original version, under the title RAND-36, can be
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obtained free of charge from the nonprofit RAND corporation (Hays,
Sherbourne & Mazel 1993). The SF-36 and RAND-36 include the same set of
items and but the scoring is partially different. Both instruments have been
found to be valid and reliable among different populations (Coons et al. 1998,
Aalto et al. 1999, Tan et al. 2013, Thumboo et al. 2013). An even shorter health
survey, the 12-Item Short Form Survey (SF-12) was subsequently put out by the
developers of the SF-36 (Ware, Kosinski & Keller 1996).

The Functional Status Questionnaire (FSQ), described by Jette & Cleary
(1986), is a generic 34-item self-report questionnaire providing a thorough
assessment of physical, psychological, and social functioning (Jette et al. 1986).
Some researchers as Host et al. (2007) (see Table 1) have used the physical
function subscale of the FSQ as a measurement of perceived disability. The FSQ
is primarily designed for clinical use in ambulatory patients. The items are
scored by computer to produce six summary scale scores and six single-item
scores. The developers report that the scales have good reliability and
substantial convergent validity when used in primary care (Jette et al. 1986, Jette
& Cleary 1987). Jette (1987) has also developed another self-report questionnaire
the Functional Status Index (FSI), which is less used but has proved to have
considerable reliability and validity among hip fracture patients (Jette 1987).

214 Treatment of hip fractures

Currently, the majority of hip fractures are treated surgically, which enables
earlier mobilization of the patient and avoids some of the complications of
prolonged recumbence and immobilization (Handoll, Sherrington & Mak 2011).
Surgery involves either internal fixation, where the fracture is fixed using
various implants to retain the femoral head, or replacing the femoral head with
a semi or total prosthesis (Handoll, Sherrington & Mak 2011). Surgery within
the first 24 post-fracture hours reduces mortality and complications. Early
surgery is also associated with the better improvement of physical functioning
compared to delayed surgery (Grimes et al. 2002, Orosz et al. 2004).

Similarly, early mobilization during the first post-fracture day as well as
intensive multidisciplinary geriatric evaluation and treatment during the post-
surgery hospital period have been shown to decrease mortality and
complications, and improve rehabilitation outcomes (Perez et al. 1995, Penrod
et al. 2004, Zidén, Frandin & Kreuter 2008, Mak et al. 2010). Insufficient pain
treatment increases the possibility for delirium and other complications as well
as restrains the rehabilitation process (Marcantonio et al. 2001, Milisen et al.
2001, Salpakoski et al. 2011). Thus proper pain assessment and follow-up is
important after surgery, especially among those with impaired memory or
cognition (Milisen et al. 2001, Gruber-Baldini et al. 2003).

The deficiency of standard treatment for this patient group has been
emphasized in international publications for several decades now (Beaupre et al.
2005, Handoll et al. 2009, Giusti et al. 2011). Various treatment concepts have
been described, adding especially geriatric expertise (both medical and nursing) to
the surgical treatment. In some cases, logistical changes have also been made to
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optimize the treatment (Folbert et al. 2012). Finland has guidelines for good
practice in hip fracture treatment issued by a group of experts (Duodecim 2011).
The post-operative inpatient period is usually quite short among Finnish hip
fracture patients. They are generally treated at the operating hospital for
approximately seven days and then discharged to their local health care center
for continuation rehabilitation, which will take 46 days on average (Nurmi et al.
2003). However, the selection of the post-operative rehabilitation unit depends
on the patient’s pre-fracture physical and psychological capacity as well as the
goals of the rehabilitation. The usual discharge options in Finland are
specialized geriatric rehabilitation unit, health care center, or long-term
institutionalization (Duodecim 2011).

2.2 Rehabilitation approaches aiming at improving physical
functioning after hip fracture

The initial aim of rehabilitation after hip fracture surgery is to to get people out
of bed, weight-bearing, walking and functioning (Handoll, Sherrington & Mak
2011). Mobilization should take place already during the first pos-surgery day,
since early mobilization has been shown to be associated with better recovery of
locomotion and physical functioning (Hoenig et al. 1997, Penrod et al. 2004,
Zidén, Frandin & Kreuter 2008, Handoll, Sherrington & Mak 2011), and it also
reduces post-operative complications (Kamel et al. 2003). Later, the aim of
rehabilitation is to minimize impairments (such as reduced strength and
impaired balance) and improve overall physical performance (Handoll,
Sherrington & Mak 2011).

Plenty of research has been carried out on acute post-operative
rehabilitation programs following surgery for hip fracture (Handoll et al. 2009,
Crotty et al. 2010, Handoll, Sherrington & Mak 2011). However, continuation
rehabilitation delivered after hospital discharge has been less studied. There is
strong evidence that concentrated multidisciplinary geriatric rehabilitation is
cost-effective (Swanson et al. 1998, Day et al. 2001, Huusko et al. 2002). Geriatric
rehabilitation during the inpatient period typically takes place in the hospital
ward, and involves a multidisciplinary team of health care professionals
(Huusko et al. 2002, Handoll et al. 2009, Mak et al. 2010). Previous research has
also indicated that, in particular those with cognitive impairments and other
neurological diseases require intensive supported daily exercises and
assessment as to whether there is a need for assistive devices (Jonsson, Sernbo
& Johnell 1995, Ramnemark et al. 2000, Muir & Yohannes 2009). Additionally,
the previous reseach literature suggests that multi-component rehabilitation
programs should be utilized among older people who have sustained a hip
fracture to maximize the effect of the rehabilitation on physical functioning (Liu
& Latham 2010, Akunne, Murthy & Young 2012). Multi-component
interventions consist of items which have been found effective in earlier studies,
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such as strength and balance training, fall risk assessment, and modification of
the home environment. Overall, rehabilitation should be based on the aims of
the individual patient and support coping in daily activities as well as moving
outdoors (Huusko et al. 2002, Mak et al. 2010). In addition, a rehabilitation plan
prepared together with the patient, his/her close relatives, and outpatient care,
along with systematic continuation rehabilitation at home have been shown to
improve physical functioning and quality of life (Huusko et al. 2002, Mak et al.
2010).

221 Selection criteria for the systematic literature review

Since the target group in this study comprises community-dwelling older
people, the following systematic review of randomized controlled trials (RCT)
concentrates solely on post-discharge physical rehabilitation programs aiming
to improve physical functioning among community-dwelling people aged 60
and over recovering from surgery to repair an acute hip fracture. Only trials
which did investigate physical functioning outcomes or did comprise physical
exercise as a part of the intervention were included. Inpatient interventions
(implemented mostly or fully in the hospital ward or inpatient rehabilitation
unit) were excluded. From the methodological point of view, only RCTs with
valid statistical methods were included.

The studies in this literature review have primarily been selected from
three recent systematic Cochrane reviews dealing with physical rehabilitation
practices after a hip fracture (Handoll et al. 2009, Crotty et al. 2010, Handoll,
Sherrington & Mak 2011). Ten research articles from eleven RCTs matched the
aforementioned inclusion criteria. In addition, to detect other applicable or
recently published research articles, a systematic online search was carried out
in May 2013 using a selection of the keywords applied in the above-mentioned
systematic reviews (see Appendix 1). The keywords were determined based on
their relevance to the main outcome of this study. The databases searched were
MEDLINE and PEDro - The Physiotherapy Evidence Database (both from 1990
to 2013). After the online retrieval, the original selection was complemented
with five relevant research articles (Host et al. 2007, Zidén, Kreuter & Frandin
2010, Orwig et al. 2011, Sylliaas et al. 2011, Sylliaas et al. 2012). The final
selection comprised fifteen articles reporting the results of altogether eleven
different randomized controlled trials (see Table 1 for details).

It should be noted that five publications in the selection were published
after the research plan to this dissertation had been drawn up (Zidén, Frandin
& Kreuter 2008, Zidén, Kreuter & Frandin 2010, Sylliaas et al. 2011, Sylliaas et al.
2012, Orwig et al. 2011). Thus, ten publications in the selection were already
available when the planning of the present project began (Sherrington & Lord
1997, Tinetti et al. 1999, Crotty et al. 2002, Hauer et al. 2002, Crotty et al. 2003,
Binder et al. 2004, Sherrington, Lord & Finch 2004, Mangione et al. 2005, Tsauo
et al. 2005, Host et al. 2007). On three occasions, two articles were found that
reported the short-term and long-term outcomes of the same trial (Crotty et al.
2002, Crotty et al. 2003, Zidén, Frandin & Kreuter 2008, Zidén, Kreuter &
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Frandin 2010, Sylliaas et al. 2011, Sylliaas et al. 2012). In addition, in one case,
the first published publication reported the results of the intention-to-treat
(Binder et al. 2004) and the second the results of the per-protocol analysis (Host
et al. 2007). A summary of the study results on post hip fracture rehabilitation
programs among community-dwelling older people (=60 years) is presented in
Table 1.

2.2.2 Resistance training

Three trials investigated the effects of resistance training. The study by Hauer et
al. (2002) tested supervised progressive resistance training combined with
functional training. In the study by Mangione et al. (2005), strength training was
home-based and done using a portable resistance exercise machine. The third
trial investigated progressive strength training, including group and individual
sessions, and was guided by physiotherapist (Sylliaas et al. 2011, Sylliaas et al.
2012). These three trials showed that progressive 12-week individual or group-
based resistance training may improve muscle force (Hauer et al. 2002,
Mangione et al. 2005, Sylliaas et al. 2011, Sylliaas et al. 2012), balance (Sylliaas et
al. 2011) and mobility (Hauer et al. 2002, Sylliaas et al. 2011), when compared to
aerobic training, placebo activities or standard care among older people who
have sustained a hip fracture. However, the changes in self-rated disability
outcomes were not significant (Hauer et al. 2002, Mangione et al. 2005, Sylliaas
et al. 2011, Sylliaas et al. 2012).

2.2.3 Multi-component physical training interventions delivered outside the
home

Three trials investigated the effects of multi-component physical training
interventions that were delivered outside the home. Sherrington et al. first
studied the effects of functional weight-bearing exercises in the 1990’s and
again in the first decade of the present century. In these studies, the
rehabilitation program given in an outpatient rehabilitation unit consisted of
sit-to-stand, lateral step-up on to a block, forward step-up-and-over (stepping
onto a block with both legs and down off it again), forward foot taps (tapping
one foot up onto a block while supporting the weight on the other leg), and a
stepping grid (stepping in different directions as guided by marks on the floor).
The exercises were progressed by increasing the number of repetitions,
lessening the hand support, increasing the height of the blocks, or decreasing
the chair height. The results show that weight-bearing exercises specifically
improved only the weight-bearing, muscle strength, and timed sit-to-stand test
results (Sherrington & Lord 1997, Sherrington, Lord & Herbert 2004). This
training method had no effect on self-reported physical disability outcomes.
However, perceived physical disability was assessed only in the latter trial
(Sherrington, Lord & Herbert 2004).

Binder et al. (2004) investigated the effects of a six-month individually
tailored progressive group physical therapy program, which consisted of
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strength, balance and stretching exercises, compared to low-intensity home
exercise. Training was supervised by a physiotherapist and it was performed at
an outpatient exercise facility. The results showed that the training positively
affected both self-rated physical disability, as measured by the Functional
Status Questionnaire (FSQ) physical function subscale, and performance-based
mobility measures such as postural balance and gait speed (Binder et al. 2004).
In addition, per-protocol analysis showed improvement in four more functional
outcomes (Host et al. 2007).

2.24 Multi-component home-based interventions

Five trials studied the effects of multi-component home-based interventions
compared to conventional care (Tinetti et al. 1999, Crotty et al. 2002, Tsauo et al.
2005, Zidén, Frandin & Kreuter 2008, Orwig et al. 2011). The length of the tested
interventions varied between one and six months. Three trials included both
physical and functional therapy (Tinetti et al. 1999, Crotty et al. 2002, Zidén,
Frandin & Kreuter 2008). One of these trials also comprised home-visits by a
nurse (Zidén, Frandin & Kreuter 2008) and one trial included home visits by an
occupational therapist, speech pathologist, and social worker (Crotty et al. 2002).
Two interventions focused, in particular, on supported hospital discharge
(Crotty et al. 2003, Zidén, Frandin & Kreuter 2008). Additionally, one trial
comprised a self-efficacy-based motivational component (Orwig et al. 2011).
Physical therapy was included in every trial and the exercises consisted
typically of strength, balance, stretching and transferring training. However,
only one trial aimed specifically at improving independence in the activities of
daily living (Crotty et al. 2002). All five trials succeeded in improving physical
functioning in at least one performance-based measurement (e.g. gait, muscle
strength, balance). However, only two trials (four publications) reported a
significant positive effect in coping with daily activities (Crotty et al. 2002,
Crotty et al. 2003, Zidén, Frandin & Kreuter 2008, Zidén, Kreuter & Frandin
2010).

22,5 Summary of the randomized controlled trials with outpatient
rehabilitation interventions aiming at improving physical functioning
after hip fracture

Moderate evidence exists on the positive effects of outpatient and home-based
physical rehabilitation programs on physical functioning among older hip
fracture patients. The content of rehabilitation interventions varies from
traditional strength and balance training to complex multi-component and
multi-professional programs. Considerable variation exists, in accordance with
the selected outcome measurements of these clinical trials. Performance-based
tests, which measure mobility and physical functioning in clinical or laboratory
setting, are more commonly used than self-report measures of perceived
disability in fundamental daily activities. One of the trials did not assess self-
reported physical disability at all (Sherrington & Lord 1997). Moreover, only
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one of the eleven selected trials in this literature review posited perceived
physical disability as the main outcome measure (Crotty et al. 2003).

Three trials examined the effects of resistance training. All of them
observed non-significant effects in disability outcomes (Hauer et al. 2002,
Sylliaas et al. 2011). The other three trials studying the effects of multi-
component physical training interventions delivered outside the home reported
conflicting results. The intervention which included weight-bearing exercises
had no effect on physical disability outcomes (Sherrington, Lord & Herbert
2004). The trial investigating the effects of group-based physical therapy
showed a positive effect on both self-rated physical disability and on
performance-based functional measures (Binder et al. 2004). Altogether five
trials studied the effects of multi-component home-based interventions
compared with conventional care (Tinetti et al. 1999, Crotty et al. 2002, Tsauo et
al. 2005, Zidén, Frandin & Kreuter 2008, Orwig et al. 2011). Although all five
trials succeeded in improving physical functioning, at least in one performance-
based measure, only two trials showed a positive effect on the ability to cope
with daily activities (Crotty et al. 2002, Tsauo et al. 2005, Zidén, Frandin &
Kreuter 2008).

In conclusion, this literature review yielded conflicting results on the
effects of outpatient rehabilitation programs delivered after hospital discharge
aiming to improve physical functioning and reduce physical disability among
older people who have sustained a hip fracture. More evidence is therefore
needed, especially on home-based rehabilitation programs targeting improved
physical functioning after hip fracture with perceived disability as an outcome
measure.



TABLE 1 Randomized controlled trials on post-discharge hip fracture rehabilitation among community-dwelling older people (260 years).

Researchers Participants (n) Intervention Outcome measures Effect
Resistance training
Hauer etal. 2002 28, Germany 12-week progressive supervised Leg-press +
resistance training and functional Handgrip dynamometer +
training vs. placebo motor activities Timed Up-and-Go (TUG) +
Stair climbing +
Geriatric Depression Scale (GDS) +
ADL (Barthel&Mahoney 1965) NS
IADL (Lawton&Body 1969) NS
Mangione et al. 41, USA 12-week home-based resistance or Lower limb strength (dynamometer) +
2005 aerobic training vs. no training 36-Item Short-Form Health Survey (SF-36) physical function subscale NS
6-minute walk test NS
GaitMat II NS
Handheld digital strain-gauge dynamometer NS
Sylliaas et al. 2011 150, Norway 3-month strength training guided by Six-minute walk test +(-11) +(-12)
& physiotherapist combining group and  Sit-to-stand test + +
Sylliaas et al 2012 indivic}ual se'ss.ions:. exercise sessions at )\ faximum step height test + +
ﬁz:ﬁ:tire:itniﬂmc twice per week ani Berg Balance Scale (BBS) + NS
) § program once a wee Timed Up-and-Go + NS
Maximum gait speed test for 10 m + NS
The Nottingham Extended Activities of Daily Living score NS NS
12-Item Short Form Health Survey (SF-12) physical function subscale NS NS
Multi-component physical training interventions delivered outside home
Sherrington et al. 44, Australia 1-month home-based weight bearing ~ Weight bearing (lateral step ability) +
1997 exercises vs. no specific exercises Postural control (sway-meter) NS
Quadriceps strength with string gauge NS
Functional reach NS
Timed walking test NS (Continues)




TABLE 1 (Continues)
Researchers Participants (n) Intervention Outcome measures Effect
Sherrington etal. 120, Australia 4-month home-based weight bearing  Strength of the knee extensor muscles with a string gauge +
2004 exercises vs. home-based non-weight  Timed sit-to-stand +
bearing exercises vs. no exercises Functional reach +
ADL (Katz 1967) NS
Weight bearing (lateral step ability) NS
Hand-held dynamometer NS
6 m walking test NS
Physical Performance and Mobility Examination (PPME) NS
Postural control (sway-meter) NS
Binder et al. 2004 90, USA 6-month individually tailored Functional Status Questionnaire (FSQ) physical function subscale + (ITT) ~(PP)
(intention-to- supervised progressive physical Modified Physical Performance Test (PPT) + ~
treat) therapy, including strength, balance Timed stair climb ~ +
& and stretching exercises performed at Lower-extremity peak torques ~ +
Host et al. 2007 an outpatient exercise facility vs. low-  N\jaad of assistive devices for mobility ~ +
(per-protocol) intensity home exercise Self-selected and maximal gait speed NS +
ADL (Katz 1967) NS NS
IADL (Lawton&Body 1969) NS NS
Cybex isokinetic dynamometry (muscle strength) NS NS
Berg Balance scale (BBS) NS NS
Multi-component home-based interventions
Tinetti etal. 1999 304, USA 6-month systematic multi-factorial Upper extremity strength +
home-based rehabilitation strategy ADL (Katz 1967) NS
involving physical and functional Berg Balance scale (BBS) NS
therapy vs. conventional care Performance-Oriented Mobility Assessment (POMA) NS
Timed 10 m walking NS
Chair rise NS
Stair climbing NS
Lower extremity strength NS

Center for Epidemiologic Studies-Depression Scale (CES-D)

NS (Continues)




TABLE 1 (Continues)
Researchers Participants (n) Intervention Outcome measures Effect
Crotty etal. 2002 66, Australia Early discharge and 4-month Modified Barthel’s Index +(-02)  +(-03)
(4-month results) individually tailored home-based 36-Item Short Form Health Survey (SF-36) physical function subscale — + +
& rehabilitation targeting in Falls Efficacy Scale + ~
Crotty et al. 2003 improvement in the activities of daily ;.4 Up-and-go (TUG) NS .
(12-month results) living vs. conventional care Mini-Mental State Examination NS -
Activities-specific Balance Confidence Scale (ABC) NS ~
London Handicap Scale NS ~
Berg Balance Scale NS ~
Tsauo etal. 2005 54, Taiwan 12-week individualized home-based WHOQOL-BREF (quality of life) +
multi-factorial physical therapy Walking velocity +
program including e.g. strengthening,  [arris hip score +
balance and transferring exercises) vs. [ Joo el gth (dynamometer) 4
conventional care . -
Hip range of motion NS
Zidén etal. 2008 102, Sweden 1-month multi-professional home Functional Independence Measure (FIM) +(-08) +(-10)
(one-month rehabilitation program focused on Instrumental Activity Measure (IAM) scale + +
results) supported discharge, independence in  36-Item Short Form Health Survey (SF-36) physical function subscale — + +
& daily activities, and enhancing physical Frenchay Activities Index (FAI) + +
Zidén et al. 2010 activity and confidence in performing Walking outdoors + +
(12-month results) daily activities vs. conventional care Sit to stand test + N
Timed up-and-go (TUG) + +
Falls Efficacy Scale FES(S) + +
Centre for Epidemiological Studies Depression Scale (CES-D) NS NS
Orwigetal. 2011 208, USA 6-month home-based Exercise Plus Yale Physical Activity Scale +
program delivered by physiotherapist Step Activity Monitor +
consisted of an exercise component The Self-efficacy for Walking-Exercise Scale +
including e.g. strength, balance and Functional Status Index (FSI) NS
stretching exercises and a self-efficacy  34_110 Short Form Health Survey (SF-36) physical function subscale NS
based mot1vat1onal component vs. IADL (Older Americans Resources and Services Instrument) NS
conventional care JAMAR handheld dynamometer NS
Lower Extremity Gain Scale NS (Continues)




TABLE 1 (Continues)

Researchers Participants (n) Intervention Outcome measures Effect

Orwig et al. 2011 6-minute walk test NS

Continues Bone mineral density (DXA) NS
Geriatric Depression Scale (GDS) NS
*Vote counting for functional performance or physical activity 33/62
#Vote counting for perceived physical disability 7/19
“Vote counting for other outcomes 2/7

+ = positive effect; NS = non-significant effect; ITT = intention-to-treat; PP = per-protocol; italics indicates an assessment method for perceived physical disability;
*Calculated as: [studies reporting positive effect(s) in functional performance or physical activity assessments]/[total number of functional performance or
physical activity assessments]; #Calculated as: [studies reporting positive effect(s) in self -reported physical disability assessments]/[total number of self -reported
physical disability assessments]; °Calculated as: [studies reporting positive effect(s) in other outcomes]/[total number of other outcomes]



3 AIMS OF THE STUDY

This research focuses on community-dwelling men and women aged 60 and
over who had sustained a recent hip fracture. The purpose of this thesis was to
investigate the effects of a three-month resistance training program as well as a
one-year individually tailored extended multi-component home-based physical
rehabilitation program on physical disability. In addition, this research aimed at
defining the associations of functional balance and balance confidence in
relation to physical disability among older people recovering from a hip
fracture. The specific aims of the thesis were to determine:

1. Associations of postural balance and balance confidence with physical
disability among community-dwelling older people who have sustained
a hip fracture (Study I).

2. The effects of a three-month individually-tailored progressive resistance
training program on physical disability among community-dwelling
older people with a previous hip fracture (Study II).

3. The effects of a one-year individually tailored multi-component home-
based physical rehabilitation program on physical disability among
community-dwelling older people with a recent hip fracture (Studies III
& 1V).



4 METHODS

4.1 Study design and participants

This thesis reports the results of two RCTs entitled “The effects of strength
training on muscle strength, asymmetry in lower limb muscle strength and
mobility in older men and women with a history of hip fracture” (HIP
ASYMMETRY; ISRCTN34271567) and “Promoting mobility after hip fracture”
(PROMO; ISRCTN53680197). The combined (HIP ASYMMETRY + PROMO)
baseline data set includes information on 159 men and women aged 60 and over
measured 6 weeks to 7.5 years post hip fracture. Summary of the research
designs and participants is shown in Table 2.

The HIP ASYMMETRY trial aimed at investigating the prevalence and
functional consequences of asymmetrical lower limb muscle strength deficit
and to examine the effects of intensive training on these problems. The PROMO
trial was designed and developed to test a rehabilitation program aiming to
restore mobility and functional capacity in older people recovering from a hip
fracture. Figure 1 summarizes the time lines and the rehabilitation interventions
of the studies. The flow chart of the HIP ASYMMETRY study is illustrated in
Figure 2 and the flow chart of the PROMO study in Figure 3. The detailed
protocol of the PROMO study is explained in Figure 4.

Time since hip fracture
| ProMo (n=81) [ Hip Asymmetry (n=78) |

| | |

i :
I 1
6 weeks 1 35 weeks H 7.5 years
' :
1 1
1 1

Randomized controlled trials

v
1-year home-based 3-month progressive resistance
rehabilitation program training program to decrease
for mobility recovery (n=81) asymmetrical strength deficit (n=43)

FIGURE1  Simplified study designs in the HIP ASYMMETRY and PROMO trials.
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411 HIP ASYMMETRY (Studies I & II)

The HIP ASYMMETRY study comprises of 60 to 85-year-old men and women
with a hip fracture sustained on average three years earlier (range 6 months-7.5
years). All 452 surviving patients with a hip fracture in the years 1998-2004
were identified using the patient records of the Central Finland Central
Hospital. Those willing to participate were interviewed over the telephone
(n=132). Patients not living independently, with neurological and progressive
severe illnesses, inability to walk outdoors without another person’s assistance,
moderate or severe memory problems (MMSE <21) or suffering from
alcoholism were excluded. Of the 78 people participating in the laboratory
assessments, those without contraindications for the progressive resistance
training (n=43) participated in a RCT investigating the effects of three months’
supervised resistance training on physical disability. They were randomly
assigned either to the training (n=22) or control (n=21) group. Data was
collected in two phases in 2004-2005, owing to the small number of eligible
subjects in 2004. In 2005, at the same time of year (August - December), the
study was repeated using the same protocol, infrastructure, and training. The
only difference was the enlargement of the recruitment area from the city of
Jyvéskyld and surrounding communities to the complete Central Finland
hospital district. The data were pooled for analysis.

[ Hip fractures during 1998-2004 (n=452) ]

T Did not respond
(261)

Contact (191)

Excluded (61)
- Living in an institution
- Not interested

Excluded (53)
- Unable to participate in the
measurements
- Unable to walk outdoors
independently
- Severe progressive
neurological illness
- Lower limb amputation

Interviewed
(130)

Baseline
measurements (78)

Randomization (43)
‘ Training group (22) } [ Control group (21) }
- Drop out (1)
( - Weak adherence (3) Drop out (2)
n=21 n=19

FIGURE 2 Flow chart of the HIP ASYMMETRY (Studies L II).

Excluded (35)
- Alcohol abuse
- Unwilling to participate
-Living too far away
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412 PROMO (Studies I, ITI & IV)

In the PROMO study, all consecutive patients operated on for a hip fracture
were screened for eligibility by staff of the physiotherapy department of the
Central Finland Central Hospital. The target group comprised ambulatory and
community-dwelling men and women aged 60 and over who had received
surgery for a femoral neck or pertrochanteric fracture (ICD code S72.0 or S72.1)
in 2008-2010 at the Jyvaskyld Central Hospital and who were resident in the
city of Jyvéskyld or in eight neighboring municipalities (n=296). Time since
fracture was on average 10 weeks (range 6 to 34 weeks). All potential
participants received a letter informing then about the study. During the
inpatient period at the health care centre, a researcher visited the patients who
had expressed interest in participating (n=161). Patients living in an institution
or confined to bed at the time of the fracture, suffering from severe memory
problems (Mini Mental State Examination, MMSE<18) (Folstein, Folstein &
McHugh 1975), alcoholism, severe cardiovascular, pulmonary or progressive
(i.e neoplasm, amyotrophic lateral sclerosis) disease, para- or tetraplegic or
severe depression (Beck Depression Inventory, BDI-II >29) (Scogin et al. 1988)
were excluded from the study. In total, 81 community-dwelling older people
with a recent hip fracture (18 men and 63 women) participated in a RCT
investigating the effects of a one-year physical rehabilitation program on
physical disability. Of them, 40 were randomly assigned to the intervention and
41 to the control group.

TABLE 2 Summary of the research designs, study participants, and main
outcomes.
Study Data n Design Participants Main outcome
I HIP ASYMMETRY 159 Cross- Community-dwelling Physical disability
Baseline (n=78) sectional peopleaged 60 and ~ measured with a
+ PROMO (n=81) over (6wks-7yrs post questionnaire
hip fracture)
I HIP ASYMMETRY 43 RCT Community-dwelling Physical disability

people aged 60 to 85  measured with a
with a previous hip ~ validated

fracture questionnaire
I PROMO 81 Cross- Community-dwelling Study design, health
sectional people aged 60 and status, demographics,
over recovering from physical characteristics
hip fracture and living habits
v PROMO 81 RCT Community-dwelling Physical disability

people aged 60 and ~ measured with a
over recovering from questionnaire
hip fracture
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[ Eligible hip fracture patients over age 60 (296) ]

!

| Interested in and further informed about the study (161) |

Excluded
-Unable to consent (7)
Not interested (18)

Excluded (35) Recruited (136) |
-Alcoholism (3)
-Poor health (24)
-Deceased (1)
-Institutionalized (4)
-Wrong diagnosis (3) [

Not interested (20)

Randomly assigned (81) ]

! i

[ Intervention (40) ] [ Control (41) }

[ Drop out (1) }(—L M Drop out (1) ]

[ n=39  3month  n=40 J
J/ H Drop out (1) ]
| n=39  6month  n=39 |
[ Deceased (1) }<—L ‘L
[ n=38  12month  n=39 ]

FIGURE 3 Flow chart of the PROMO (Studies I, I1I & IV).

4.2 Randomization and blinding

Participants who gave their informed consent underwent a baseline assessment
prior to randomization. A statistician not involved in the recruitment or
assessments developed the group allocation schedule using a computer-
generated random number sequence and stored the list off-site. In the HIP
ASYMMETRY study the groups were randomized in blocks of gender and
stratified by average age. In the PROMO study men and women and those with
internal fixation or arthroplasty were randomized by blocks which were
randomly arranged within blocks of 10. In both studies the study group
assignment was enclosed in sealed envelopes and the study coordinator
performed the randomization by drawing lots from the blocks. The PROMO
study was single-blinded. The researchers who collected the outcome measures
and recorded the data were blinded to the group allocation. The HIP
ASYMMETRY study was only partially single-blinded, since not all of the
researchers who collected the outcome measures and recorded the data were
blinded to group allocation. To ensure blinding, participants were asked not to
disclose their group allocation to the assessors and other participants. Those
assigned to the intervention and the research physiotherapists delivering the
interventions could not be blinded to the intervention group allocation.
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4.3 Sample size

HIP ASYMMETRY study

Power calculations were performed based on the knowledge from prior studies
by Hékkinen et al. (1995), Skelton et al. (1995), and Sipil4 et al. (1996) indicating
that three months of strength training increased muscle strength by 15-37%
among healthy older women. In the Hip Asymmetry trial, the expected change
for the muscle strength was thus set to 25%. Power calculations indicated that a
minimum of 30 subjects would need to be included in both study groups to
detect significant changes in the main outcome measures (muscle force, power,
balance) at a=0.05 and p=0.20 (power 80%). Despite the prolonged and
intensive recruitment, the design was slightly underpowered with 22-24
persons per group.

PROMO study

Pretrial power calculations were based on earlier published longitudinal data
on mobility recovery after a hip fracture. In the study by Visser et al. (2000), 45.3%
of the community-dwelling participants were independent in more demanding
mobility tasks (chair rising, walking one block and negotiating stairs) before the
fracture. Twelve months after a hip fracture less than one-third of them (20.7%
of the total sample) had regained their pre-fracture level of mobility. The
purpose of the present study was to restore the pre-fracture level of mobility by
means of the PROMO rehabilitation program (Sipild et al. 2011). To detect the
expected difference between the study groups in mobility recovery at a=0.05
and P=0.20 (based on percentages calculated from the study by Visser et al.
(2000), a minimum of 44 subjects were needed in each study group. Sample size
was calculated using an online sample size calculator available from (DSS
researcher's toolkit; https://www.dssresearch.com/KnowledgeCenter). The
design was slightly underpowered with 40-41 persons per group.

4.4 Ethics

Both RCTs were performed in accordance with the Declaration of Helsinki and
approved by the Ethics Committee of the Central Finland Health Care District
(HIP ASYMMETRY on October 14th, 2004 and PROMO on December 18, 2007).
Written information on the study was given to all participants. Participants
signed a written informed consent prior to participation. Proxy consent was not
permitted. Those who were interested in the study had an opportunity to
discuss with a researcher what participation would involve before signing the
informed consent and granting permission for their medical records to be
viewed. The participants could, at any point, refuse to participate further.



TABLE 3 Summary of the measurement methods and variables used in the study including references and reliability.

Variables Study Methods and reference Reliability and reference
Physical disability
Activities of daily living (cat) -1V Modified Katz ADL Index (Katz et al. 1963) a=0.84-0.94 (Reijneveld et al. 2007)
Instrumental activities of daily living (cat)  I-IV Modified IADL Index (Lawton et al. 1969) a=0.94-0.99 (Hokoishi et al. 2001,
Vergara et al. 2012)
Balance confidence (sum score) I IIl & IV Activities-specific Balance Confidence Scale a=0.95 (Talley et al. 2008)
(Powell et al. 1995)
Functional balance (sum score) I, Il & IV Berg Balance Scale (Berg et al. 1992) a=0.97 (Berg et al. 1995)
Health status
Presence of chronic conditions (n) -1V Medical examination and medical records
Use of prescription medication (n) I &IV~ Medical examination and medical records
Fracture status (cat) -1V Medical records
Date and type of surgery (cat) -1V Medical records
Hemoglobin level (g/1) I Blood count
Human C-reactive protein (hCRP) I Blood count
Depressive mood (sum score) I, IIl & IV Beck Depression Inventory BDI-II a=0.90 (Storch et al. 2004)
(Scogin et al. 1988)
Cognitive status (sum score) IV Mini-Mental State Examination, MMSE a=0.70 (Lopez et al. 2005)
(Folstein et al. 1975)
Smoking status (cat) I Questionnaire, self-report
Self-rated health (cat) I Questionnaire, self-report (Eriksson et al. 2000)  r = 0.91 (Patrick et al. 1973)
Need for emergency room services (n) v Questionnaire, self-report
Physical characteristics
Body height (cm) I Medical examination
Body weight (kg) I Medical examination
Body composition I Bioimpedance (BC-418, TANITA, Tokyo, Japan)  r=0.88 (Demura et al. 2005)
Body mass index, BMI (kg/m?) I Calculated as: [body weight]/[body height]2x100 (Continues)




TABLE 3 (Continues)
Variables Study Methods and reference Reliability and reference
Demographics
Age (years) I-IV Medical records
Sex (cat) -1V Medical records
Living conditions (cat) I Self-report
Income (€) I Self-report
Education (cat) I Self-report
Muscle force and power
Maximal knee extension strength (Newton) I, III & IV Dynamometer chair (Metitur Ltd, Palokka, CV 6% (Sipild et al. 1996)
Finland) (Rantanen et al. 1999)
Maximal hand grip strength (Newton) 111 Dynamometer (Metitur Ltd, Palokka, Finland) r=0.91 (Rantanen et al. 1999)
Leg extension power (W) I Nottingham Power Rig (Portegijs et a.1 2009) CV 6-8% (Lamb et al. 1995,
Tiainen et al. 2005)
Mobility
Physical performance (sum score) I Short Physical Performance Battery (SPPB) r=0.83-0.89 (Freire et al. 2012)
(Guralnik et al. 1994)
Mobility limitation (cat) I Questionnaire, self-report (Visser et al. 2000)
Walking speed (m/s) I Photocells CV 5% (Rantanen et al. 1997);
r=0.90 (Bohannon 1997)
Use of walking aids outdoors (cat) I III & IV Questionnaire, self-report
Physical activity
Standardized question (cat) I&II  Modified Scale of Grimby (Grimby 1986)
Pain
Offending pain on the fractured side (cat) LILIV ~ Questionnaire, self-report
Summed lower-limb pain in 5 locations (cat) III Questionnaire, self-report
Average temperature v Climatological statistics of Finland 1981-2010 (Continues)

(Pirinen et al. 2012)




TABLE 3

(Continues)
Variables Study Methods and reference Reliability and reference
Falls
Indoor falls (n) v Questionnaire, self-report
Outdoor falls (n) v

Questionnaire, self-report
cat=categorical variable; n=number; a=Cronbach's alpha; r=correlation coefficient
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4.5 Measurements and assessments

Described next are the measurements and assessments used in the HIP
ASYMMETRY and PROMO studies. First the most central methods are
described, followed by the various other descriptive, confounding and
mediating factors. A summary of the measurement methods with references
and reliability coefficients is presented in Table 3.

45.1 Physical disability

Physical disability was assessed by a validated questionnaire estimating
perceived difficulties in basic (ADL) and instrumental activities of daily living
(IADL). Both scales are commonly used and have been shown to be valid
predictors of functioning among older people (Gaugler et al. 2007). Test-retest
reliability for both scales is high (Wang, Sheu & Protas 2007). The modified
Finnish questionnaire included six questions on ADL (eating, transferring in
and out of bed, dressing, bathing, cutting toe nails, and toileting (Katz &
Akpom 1976, Laukkanen et al. 2001).

The questionnaire used in the PROMO study included eight IADL items
(preparing meals, doing laundry, coping with light housework, coping with
heavy housework, handling medication, using the telephone, using public
transportation, and handling finances) (Laukkanen et al. 2001, Lawton & Brody
1969). In the HIP ASYMMETRY study the questionnaire contained nine IADL
items (all the foregoing items plus shopping). In general, there were four to five
response categories: 1) Able to manage without difficulty, 2) Able to manage
with some difficulty, 3) Able to manage with major difficulty, 4) Able to
manage only with the help of another person, and 5) Unable to manage even
with help. In the HIP ASYMMETRY study only the first four categories (1-4)
were used for the ADL items.

Sum scores were calculated for both ADL and IADL. In Stydy I the
original categorical variables were dichotomized at first into: 1) No difficulty
(category 1) and 2) Difficulty (categories 2-5). Subsequently, two sum scores
were composed: an ADL score (ranging from 0-6) and an IADL score (ranging
from 0-8). The sum score indicated the number of tasks in which the participant
reported difficulty. In Studies II and IV, the sum scores were composed from
the original categorical variables, with theoretical ranges for ADL of 0-24 (in the
HIP ASYMMETRY study) and 0-30 (in the PROMO study) and for IADL of 0-
45 (in the HIP ASYMMETRY study) and 0-40 (in the PROMO study). A higher
score indicated more difficulty. For the supplementary analysis, the categorical
variables were re-coded into three categories: 1) No difficulty (category 1), 2)
Some difficulty (categories 2 and 3), and 3) Major difficulty (categories 4 and 5).
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4.5.2 Balance confidence

A modified Finnish version of the Activities-specific Balance Confidence (ABC)
Scale (Powell & Myers 1995, Minty et al. 2007) was used to assess confidence in
performing specific activities without losing balance or becoming unsteady. In
the literature, the terminology used to describe the outcome of the ABC Scale
varies, but both balance confidence and falls-related self-efficacy have been
used. Balance confidence can be considered as a surrogate for fear of falling,
(Powell & Myers 1995). In this study we refer to the ABC Scale as a measure of
balance confidence. The original ABC Scale consists of 16 items. The Subjects
are requested to describe how confident they are in carrying out different tasks,
indoors and outdoors. Answers to each question were rated from 1 (no
confidence) to 10 points (total confidence). The total score ranges from 16 to 160
a higher score indicating better balance confidence. Previous studies have
demonstrated the reliability (Cronbach’s a=0.95-0.97) and validity of the ABC
Scale in older populations (Powell & Myers 1995, Talley, Wyman & Gross 2008).

In the modified Finnish version of the ABC Scale the questions 14 and 15
which originally dealt with stepping onto or off an escalator holding (question
14) or not holding (question 15) onto a railing were replaced as follows: 14)
How confident are you that you will not lose your balance or become unsteady
when you cycle and there is only a little traffic on the road? 15) How confident
are you that you will not lose your balance or become unsteady when you cycle
and there is a lot of traffic on the road and no cycle track?

4.5.3 Functional balance

Functional balance was assessed by the Berg Balance Scale (Berg et al. 1992)
which evaluates the ability to perform 14 different tasks such as standing up,
sitting down, reaching and turning around oneself, looking over the shoulders
and standing on one foot. The ability to perform each task is rated from 0
(incapable) to 4 (safe and independent). The total score ranges between 0 and 56,
higher scores indicating better functional balance. The BBS has been shown to
be a valid instrument and has high intra-rater (a=0.98) and inter-rater reliability
(a=0.97) (Berg, Wood-Dauphinee & Williams 1995).

454 Other descriptive, mediating and confounding factors

Health status

During a medical examination performed by a nurse and physician, presence of
chronic conditions, use of prescription medication, fracture status, and date and
type of surgery were confirmed according to a pre-structured questionnaire,
current prescriptions, and medical records obtained from the patient’s local
hospital and health care center. Contraindications for participation in the
muscle strength and balance assessments were evaluated by the physician
(Haskell et al. 2007). Cognitive status was assessed by the Mini-Mental State
Examination (MMSE), which is a brief 30-point questionnaire used for screening
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cognitive impairment (Folstein, Folstein & McHugh 1975). Depressive mood
was assessed by the Beck Depression Inventory (BDI-II), whichis a 21-
question multiple-choice self-report inventory used for measuring the severity
of depression (Scogin et al. 1988). A BDI-II score >29 was considered to indicate
severe depression. Smoking status was assessed with a question (never, former,
current smoker). In addition, in the PROMO study human C-reactive protein
(hCRP) and hemoglobin level were assessed by blood count. Need for
emergency room services were self-reported at 3, 6 and 12 months with a
questionnaire after the previous assessment.

Physical characteristics
Body height (m) and weight (kg) were measured using standard procedures
and body mass index (BMI) was calculated as:

bodywe‘ight % 100.
[body height]?
Body composition was assessed with Bioimpedance devise with eight polar
electrodes (BC-418, TANITA, Tokyo, Japan).

Demographics
Demographics included age, sex, living conditions, income, and education.
They were assessed by self-report and from medical records.

Muscle force and power

Muscle strength refers to the amount of force a muscle can produce with a
single maximal effort (Enoka 1994). Moreover, muscle strength can be defined
as a combination of muscle force and power and muscle power as a product of
force and movement velocity (Enoka 1994). Isometric muscle force (Newton) for
knee extension was measured on the fractured side by an adjustable
dynamometer chair (Metitur Ltd, Palokka, Finland) (Portegijs et al.
2009). During the measurement the ankle was attached to a strain-gauge system
with the knee angle fixed at 60° from full extension. Participants were
encouraged to extend the leg as hard as possible. After two to three practice
trials, measurements were performed at least three times until no further
improvement occurred. Each contraction was maintained for two to three
seconds. The inter-trial rest period was 30 seconds. The performance of the
highest maximal force was used for analysis. Maximal hand grip strength was
measured from the dominant hand with a dynamometer (Metitur Ltd, Palokka,
Finland). Leg extension power was measured with the Nottingham Power Rig
for both legs (Portegijs et al. 2009).

Mobility

Physical performance was assessed by Short Physical Performance Battery
(SPPB), including 2.44 m habitual walking speed, five timed chair rises and
standing balance tests (Guralnik et al. 1994). Mobility limitation was assessed by
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interviewing the subjects on their ability to get in and out of bed, rise from a
chair, walk across a room, walk one block, and climb stairs (Visser et al. 2000).
Walking speed was assessed with 10-meter walking test (Sipild et al. 1996). In
addition, self-reported difficulty in walking outdoors, walking 500 m, walking 2
km and climbing one flight of stairs was assessed by a questionnaire. Use of
walking aids outdoors was assessed by the question: “Do you use walking aids
when you go outdoors? The response alternatives were Yes/No.

Physical activity

Current level of physical activity was assessed by a standardized question
(Grimby 1986) with slight modifications. The question comprised seven
alternative responses: 1) mainly resting, 2) most activities performed sitting
down, 3) light physical activity twice a week at the most, 4) moderate physical
activity about 3 h a week, 5) moderate physical activity at least 4 h a week or
heavy physical activity < 4 h a week, 6) physical exercise or heavy leisure time
activity several times a week, and 7) competitive sports several times a week.
No one reported participation in competitive sports (category 7). In Study I1II,
those who reported doing only light physical activity or mainly sitting or
resting were considered sedentary (categories 1-3) while those who reported
being fairly physically active for at least three hours a week were considered
physically active (categories 4-6). For additional analysis (unpublished) the
scale was re-coded into three categories: 1) Sedentary/Minor physical activity
(categories 1-2), 2) Light physical activity (category 3), 3) Moderate/Heavy
physical activity (categories 4-6).

Pain

Offending pain in the lower back and lower limbs was assessed by two
questions “Have you experienced pain in the lower back, hip, knee, ankle or
foot on your left/right side? Has the pain compromised your mobility?” The
response alternatives were 1) No, 2) Yes, but it is not offending pain, 3) Yes, and
it is offending. A new variable “offending pain in the fractured side” was
composed based on the answers.

Average temperature

Average temperature of the month in which the respective assessment took
place was derived from average monthly temperature data, collected in the
years 1981-2010 daily at 12 O’clock at a local weather station in Jyvaskyld
(Pirinen et al. 2012).

Falls
Indoor and outdoor falls were self-reported retrospectively with a question:
“Have you experienced a fall during the last three/six months?
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4.6 Interventions

4.6.1 Standard care (Studies II, III & IV)

All Finnish residents have state health insurance. Each municipality organizes
primary health care including inpatient rehabilitation, ward care and an
outpatient clinic for their residents at local health care centers. After a proximal
femoral fracture, patients living in Central Finland are operated on at the
Central Finland Central Hospital (serves 23 municipalities) and transferred,
typically within the first post-operative days, to the local health care centre of
their municipality for inpatient care and rehabilitation. The inpatient
rehabilitation period ranges from one week to few months, depending on the
patient’s health status and care needs.

Because the baseline measurements of the HIP ASYMMETRY study were
carried out on average 3.4 years after the hip fracture, information regarding
standard care was not collected. The control group of the HIP ASYMMETRY
study did not receive any intervention. Participants were encouraged to
continue their lives as usual and maintain their pre-study level of physical
activity during the 12-week trial.

At baseline in the PROMO study, information on standard care after the
hip fracture was collected by interviewing all the participants. Seventy percent
of all the participants received a written home exercise program from the
hospital or health care center. The exercise program was the same for both the
intervention and the control groups (68% vs. 71%, p=0.813). Typically the
program included five to six exercises, including ankle flexion and extension,
knee flexion and extension, hip abduction and extension in supine, sitting
and/or standing positions with no additional resistance. None of the
participants receiving the home exercise program were followed up and the
program was not updated. Of all participants 12 received a referral to
physiotherapy (5 in the intervention and 7 in the control group) while the
remainder were given no further instructions regarding rehabilitation.
Participants in the control group were encouraged to continue their lives as
usual.

4.6.2 Individually tailored progressive resistance training (Study II)

The training group in the HIP ASYMMETRY study participated in individually
tailored progressive strength-power training in a senior gym. The training
focused on the muscles of the lower limbs, the aim being to reduce
asymmetrical strength deficit and to increase the strength and power of the
lower-limb muscles (Portegijs et al. 2008). The training was done twice a week
(1-1.5 h) for 12 weeks in groups of 4-8 persons and was supervised by an
experienced physiotherapist. Training intensity was adjusted individually
throughout the training period based on the last 1-RM estimation. The weaker
leg was trained first in every exercise, and more sets and repetitions and/or a
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higher resistance were used. A physician was consulted for all pain and other
medical symptoms emerging during the training period. This was done to
ascertain which of the symptoms were likely to be related to the training and
whether they affected the training. The training protocol for both legs is
displayed in more detail in Table 4.

Each training session included both strength and power exercises and
started with a 10-minute warm-up sitting on a chair. Pneumatic resistance
equipment (Ab Hur Oy, Kokkola, Finland) was used for the leg press, knee
flexion, and hip abduction and adduction exercises. Exercises were performed
with as large a range of motion (ROM) as possible without pain during the
performance. The training equipment allowed ROM to be limited for each leg
individually. The ankle plantar flexion exercises, rising to the toes and
returning the heel onto the ground, were performed with a weighted vest in
front of a mirror while holding a handrail. In the strength exercise, the
participant stood on one leg. If necessary, the other foot was allowed to touch
the floor for balance. In the power exercise, participants stood on both legs for
safety reasons. The first two training sessions were used to familiarize the
participants with the facility, equipment, and staff. The exercises were
performed with low loads, and the correct movement technique was ensured.
In the following sessions, the 1-RM was estimated. The assessment, one exercise
at a time, was repeated during the weeks six, seven and eight. The 1-RM was
estimated from a 3- to 6-RM test by using a conversion table (McDonagh &
Davies 1984) for the leg press, knee flexion, and hip abduction and adduction
exercises trained by using pneumatic resistance equipment (Ab Hur Oy,
Kokkola, Finland). When tolerated, the training intensity was progressively
increased throughout the training period.

Weaker leg for training

The weaker leg was trained more intensively to reduce the difference between
the legs in muscle strength and power. For each participant, the weaker leg was
defined according to maximal knee extension strength, maximal rate of force
production, and maximal leg extension power. The weaker leg was defined as
the leg that had lower values in at least 2 of the measures. A difference between
the legs was calculated using the formula:

|dif ference between legs]|

X 100%.

best result

A difference of less than 5% was not considered meaningful.

Power training

The aim of this training component was to increase muscle force and movement
velocity by a high-velocity regimen. Because the participants represented a
clinical population, relatively low resistance was used for safety reasons. The
leg press and ankle plantar flexion power exercises were performed early in the
training session in sets of 12 repetitions (see Table 4), and the concentric phase
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of the contraction was performed as fast as possible. The leg press exercise for
the weaker leg consisted of 3-4 sets and for the stronger leg of 2-3 sets with a
resistance of 40% to 50% of the 1-RM. The ankle plantar flexion exercise was
performed standing on both legs in 2-3 sets by using a weighted vest with 0%
to 10% of baseline body weight.

Strength training

The aim of this training component was to increase muscle strength by using
conventional strength-training protocols (Sipild et al. 1996, Ferri et al. 2003).
Strength exercises were performed at a slower pace with fewer repetitions
(weaker leg: 2-3 sets of 8 repetitions; stronger leg: 1-2 sets of 10 repetitions) and
higher resistance (see Table 4). The leg press, knee extension, and hip abduction
and adduction exercises were performed with a resistance of 60% to 80% of the
1-RM for the weaker leg and 50% to 70% of the 1-RM for the stronger leg. From
the eighth week onwards, the leg press strength exercise was performed only
once a week. The ankle plantar flexion strength exercise was performed
standing on one leg with 0% to 15% of body weight; if necessary, the other foot
was allowed to touch the floor for balance.

4.6.3 PROMO - Individually tailored multi-component home-based
rehabilitation program (Studies III & IV)

Intervention included standard care and the PROMO rehabilitation program.
PROMO was an individually tailored year-long home-based physical activity
and rehabilitation intervention implemented in the participants’ homes. The
intervention aimed at restoring mobility after a hip fracture. It began on average
within one week after the baseline measurements and included four to six home
visits and three to five phone calls by an experienced research physiotherapist
(see Figure 4). Written tailored materials for each participant were provided.

Evaluation and modification of environmental hazards and guidance for safe
walking

During the first face-to-face session, evaluation and modification of
environmental hazards and guidance for safe walking were done according to
the guidelines issued by the National Public Health Institute of Finland (Méanty
et al. 2007). Participants’ concerns regarding fear of falling, satisfaction with
assistive devices for physical functioning and potential benefits of hip
protectors were also considered.

Non-pharmacological pain management

An individual non-pharmacological pain management evaluation took place in
the second face-to-face session and was repeated at three (fourth home visit)
and six months (fifth home visit). The pain management sessions included a
structured interview. In addition, participants” knowledge of pain relief and the
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strategies they perceived as effective in reducing pain were discussed (Barry et
al. 2005).

Individual progressive home exercise program

The individual progressive home exercise program was also launched during
the second home visit. It comprised strengthening exercises for the lower limb
muscles, balance training and stretching and functional exercises. The duration
of one exercise session was approximately 30 minutes. For the strengthening
and stretching exercises, the expected total number of exercise sessions during
the one-year intervention was 156 (three times a week, 52 weeks in a year) and
for the balance exercises 130 (two to three times a week, 52 weeks in a year). For
the functional exercises, which were performed only for the first twelve weeks
two to three times a week, the equivalent number was 30.

The home exercise program was updated four to five times with a more
intensive and demanding protocol. The first update occurred after one week
(third home visit) and subsequently after one (fourth home visit), three (fifth
home visit), six (sixth home visit), and nine months (phone call). For eleven
participants only five home visits were scheduled. During the intervention,
progression in the strengthening exercises was increased with resistance bands
of three different strengths. All participants kept a daily exercise diary in which
they marked the exercises they performed and the Borg Scale for each exercise.
Participants were asked to mail their exercise diaries to the research
physiotherapist monthly.

Physical activity counseling

Individual motivational face-to-face physical activity counseling (Ménty et al.
2009) took place after three months (fourth home visit) at the subjects’” homes.
Counseling was a onetime session followed by phone calls at four and eight
months and a face-to-face meeting at six (sixth home visit) months to promote
and encourage subjects to physical activity. In addition, an extra motivational
conversation was provided at twelve months after the final laboratory
measurements.



TABLE 4 Training Protocol for the weaker leg and stronger leg for strength and power exercises performed with resistance equipment (leg
press, knee flexion, and hip abduction and adduction) or a weighted vest (ankle plantar flexion) (HIP ASYMMETRY; Study II).

Strength Power
Weaker leg Stronger leg Weaker leg Stronger leg
Volume Resistance ~ Volume Resistance Volume Resistance ~ Volume Resistance
Training mode (set/repetition) (%) (set/repetition) (%) (set/repetition) (%) (set/repetition) (%)
Resistance equipment
First period! 2/8 60-703 1/10 50-60° 3/12 403 2/12 403
Second period? 2-3/8 70-80° 1-2/10 60-703 3-4/12 40-50° 2-3/12 403
Weighted vest
First period 2/8 04 1/10 04 2/125 04
Second period 2-3/8 10-154 1-2/10 10-154 2-3/125 104

1The period between the first and second 1-RM estimation; 2The period after the second 1-RM estimation; 3Percentage of the 1-RM; 4Percentage of
the baseline body weight; 5Both legs trained simultaneously
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4.7 Statistical methods

Means, standard deviations, medians, frequencies, and percentage values for
the descriptive variables were calculated. The assumption of normality was
assessed graphically and tested with the Kolmogorov-Smirnov test. The
significance of differences between the intervention and control group was
tested by Fisher’s Exact test for discrete variables, by Independent Samples t-
test for normally distributed data, and by the Mann-Whitney U-test for non-
normally distributed continuous data. The intention-to-treat (ITT) principle was
followed in the analysis to assess the effect of the interventions on our primary
outcome; physical disability. The ITT principle stipulates that all participants
who are randomized must be included in the statistical analysis and analyzed
in the groups to which they were randomly assigned, regardless of whether
they actually satisfied the entry criteria and regardless of whether they received
or adhered to the allocated intervention (Fisher et al. 1990). All tests of
significance were two-tailed and set at a p-value of < 0.05.
Training compliance in the HIP ASYMMETRY study was calculated as:

Session attended

X 100%.

Sessions of fered

Compliance with the PROMO intervention was calculated as:

Amount of performed exercises

X 100%.

Expected number of exercises

Additionally, the mean relative changes in the PROMO study in disability sum
scores between the baseline and different follow-up assessments were
calculated using the formula:

[Follow—up]-Baseline

X 100%.

Baseline

Differences in the mean relative changes (i.e. effect) between the study groups
and standard errors (SE) were also calculated. The principal statistical analyses
carried out in this study are described next.

Negative Binomial Regression

The associations between balance confidence and physical disability as well as
between functional balance and physical disability were assessed by negative
binomial regression, which is a generalization of the Poisson regression that
accounts for the over dispersion detected in Poisson models. The negative
binomial regression model takes into account the tendency for disability to be a
cumulative phenomenon and that having difficulty in one activity makes
having difficulty in two or more activities more likely. Therefore observations
of an increasing number of difficulties are non-independent of each other. With
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this approach, it is possible to enter the Poisson-distributed count variable for
the number of difficulties in the models. The risk values are expressed as
incidence rate ratios (IRR) obtained by exponentiation of the regression
coefficients (exp[B]) and their 95% confidence intervals (CI). The expression:

100 x (IRR — 1)

indicates the percentage change in the ADL and IADL scores relative to the
ABC or BBS score. The first model was adjusted for age and gender and the
second model additionally for time since fracture, offending pain on the
fractured side, number of chronic diseases, maximal force of the fractured leg,
and the use of walking aids outdoors. Finally, both the ABC and BBS scores
were included simultaneously in the negative binomial regression model.

Covariance Analysis

The effect of the progressive resistance training on physical disability was
assessed by covariance analysis (ANCOVA), with baseline value as a covariate.
Covariance is a measure of how much two variables change together and the
strength of the relationship between them. ANCOVA is a general linear model
which blends analysis of variance (ANOVA) and regression. ANCOVA
evaluates whether the population means of a dependent variable are equal
across the levels of a categorical independent variable. In addition, it
statistically controls for the effects of other continuous variables that are not of
primary interest, known as covariates. Participants with missing data were
excluded from the analysis.

Spearman's rank correlation coefficient

The association between balance confidence and functional balance was
assessed with Spearman's rank correlation coefficient (Spearman's rho, p) which
is a nonparametric measure of statistical dependence between two variables. It
assesses how well the relationship between two variables can be described
using a monotonic function. Spearman's coefficient is appropriate for both
continuous and discrete variables, including ordinal variables. A Spearman
correlation of zero indicates that there is no correlation. When two variables are
perfectly monotonically related, the Spearman correlation coefficient is +/-1.

General Estimation Equations

To analyze the effects of the PROMO intervention on physical disability,
physical activity and balance confidence, generalized estimating equation (GEE)
models were constructed. The effects of progressive resistance training on
balance confidence were also assessed with GEE models. Since the ADL and
IADL sum scores were not normally distributed, square root transformations
were applied and used in the GEE models. The GEE methodology allowed us
to analyze whether the participants in the intervention group had a lower
prevalence of, or higher recovery from, physical disability compared with the
control group. The interaction term (group by time) represents the difference in
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time-related change in the proportion of participants reporting physical
disability in the intervention versus control group. In a case of missing data (in
the ITT analyses a maximum of eight cases missing at one time point) the GEE
methodology uses maximume-likelihood estimation (MLE), which provides
estimates for the model's parameters by finding particular parametric values
that make the observed results the most probable.

We adjusted the GEE models for age and additionally one of the following
at a time: number of chronic diseases, time since fracture, pain in the fractured
limb, balance confidence, functional balance, and the average monthly
temperature. In addition to the ITT analyses, we carried out per-protocol
analyses in which those who were suspended (i.e. told to have a break) from
training by a physician or exercising with low frequency (performed less than
45% of the expected exercises) were excluded, but only at issuing time point.
The GEE models of the categorical variables did not withstand adjusting for
potential confounders, owing to too few observations in some of the categories.
However, we calculated corrected p-values for single ADL/IADL items using
the FDRTOOL-package in R version 2.15.2 to avoid false positive results in
multiple comparisons (Strimmer 2008).

Statistical software

Regression modeling in Study I was performed using STATA 12 statistical
software. In all the other analyses, the latest available version of SPSS or PASW
statistical software for Windows (SPSS Inc., Chicago, US) was used. SPSS
version 17.0 was used to analyze the results in Study II and the PASW version
19.0 was used in Studies III and IV.



5 RESULTS

5.1 Sample characteristics

The baseline characteristics of the older people with a previous hip fracture in
all three study samples (HIP ASYMMETRY, PROMO, and pooled data set) are
shown in Table 5. Participants in the HIP ASYMMETRY study were on average
75 years old whereas in the PROMO study the participants were on average
four years older. Time since fracture was on average 3.4 years in the HIP
ASYMMETRY study, 70 days in the PROMO study, and 1.7 years in the pooled
data set. In all the data sets the majority (73%) of the participants were women.
The participants in the PROMO study had more difficulties in ADL and IADL
compared to those in the HIP ASYMMETRY study. They were also weaker
(max. strength of the fractured limb 175.3£73.1 vs. 242.3+105.6 N), scored lower
on the ABC (88.3 + 30.5 vs. 104.2+ 28.5) and BBS (42.1 £ 9.5 vs. 49.8 £ 5.7), and
had lower physical activity level (93% vs. 42% were sedentary).

The characteristics of the study participants in the pooled data set (n=159),
stratified by physical functional capacity, are presented in Table 6. Participants
who were considered to have decreased functional capacity (difficulty in four
or more ADL or IADL) had shorter recovery time from fracture (1.3£1.6 vs. 2.4
12.6 years). In addition, they suffered more often from offending pain (64% vs.
45%), had lower maximum strength of the fractured limb (186.4+79.8 vs.
241.5¢111.6 N), and used more often walking aids outside the home (85% vs.
42%). Moreover, they scored lower on the ABC (79.2427.9 vs. 111.4+26.6) and
BBS (41.0£9.9 vs. 42.9+5.4), and were more often physically sedentary (87% vs.
59%) compared to those with good functional capacity (difficulty in less than
four basic ADL or IADL).

The training and control groups in the HIP ASYMMETRY study were
comparable with respect to gender (total 14 men, 29 women), age (74.46.7
years), number of chronic diseases (3tl1), body mass index (BMI 26.5£3.7
kg/m?), time since fracture (3.4+2.2 years), and self-reported health (69%
reported excellent health). Additionally, the groups did not differ in level of
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physical activity (58% physically active), pain (59% reported offending pain in
the fractured lower limb) or cognitive status (average MMSE score: 26; range
21-29) at baseline. The baseline ADL sum score was 1.8 (SD=2.0) in the training
group and 1.7 (1.8) in the control group (p=0.695). The corresponding values for
IADL were 3.9 (2.2) and 3.4 (2.4) for the training and control groups respectively
(p=0.955).

At baseline of the PROMO study, the intervention and control groups did
not differ in demographics, chronic diseases, time elapsed since fracture,
operation type, ADL or IADL score, pain, strength, BBS, ABC or physical
activity level. In general, less than 10% experienced major difficulty in the
following ADL: eating, getting in and out of bed, dressing, and toileting.
However, 20% of the participants faced major difficulty in bathing and 57% in
cutting toe nails. In JADL more difficulty was experienced. Coping with heavy
housework was found the most difficult IADL task, with 60% of the
participants reporting major difficulty. The next most challenging IADL were
doing laundry (30% of the participants reported major difficulty), coping with
light house work (32%) and using public transportation (44%). In preparing
meals, handling medication and handling finances approximately 20%
experienced major difficulty. Least difficulty was reported in using the
telephone (2%).

5.2 Associations of balance confidence and functional balance
with physical disability (Study I)

The IRR’s and 95% CI's for ADL and IADL disability relative to balance
confidence and functional balance in the pooled data set are shown in Table 7.
A higher ABC score was associated with a lower risk for ADL disability (fully
adjusted IRR 0.99; 95% CI 0.98-0.99). Theoretically, this indicates that e.g. a 10-
point increase in the ABC score decreased the risk for ADL disability by 10
percent. The association between balance confidence and IADL disability was
similar (0.99; 0.98-0.99). Furthermore, a higher BBS score was associated with
lower risk for ADL (0.98; 0.96-0.99) and IADL disability (0.98; 0.97-0.99) in the
fully adjusted models. Theoretically, this indicates that, e.g., a 10-point increase
in the BBS score decreased the risk for ADL and IADL disability by 20%.

The ABC and BBS scores correlated highly, but not fully (Spearman
p=0.69), and the ABC score explained 48% of the variation in BBS score
(R?2=0.476). However, placing the ABC and BBS scores together in the same
regression model with ADL or IADL did not materially change their individual
IRR’s (Table 7), although in the fully adjusted models the associations between
the BBS score and ADL and IADL disability were attenuated.
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TABLE 5 Baseline characteristics of older people with a previous hip fracture.
HIP HIP PROMO
ASYMMETRY ASYMMETRY Studies III & IV
+ PROMO Study Il (n=43)  (n=81)
Study I (n=159)
Mean + SD; Mean * SD; Mean * SD;
T n(%) T n(%) T n(%)
Age (years) 159 774+72 43 744+6.7 81 794+72
Gender: women 159 116 (73) 43 29 (67) 81 63 (78)
Time since fracture (years/days) 159 1.7+21years 43 3.4+22years 81 69.6+28.3 days
Number of chronic diseases 156 3+2 43 2+1 79 3+2
BMI 154 26.0 (3.9) 43 26537 76 254%37
Operation type 159 43 81
Internal fixation 74 (47) 22 (51) 38 (47)
Arthroplasty 85 (54) 21 (49) 43 (53)
MMSE score 158 25.8 (2.8) 43 263+22 80 252+4.0
Number of ADL difficulty 158 2+2 42 1+1 81 3+2
(range 0-6)
Number of IADL difficulty 155 3+2 40 2+2 81 4+2
(range 0-8/9)
Offending pain/fractured side 159 61 (38) 43 19 (44) 81 38(47)
Max strength/fractured limb (N) 142 208.3 £96.4 40 257.1+111.1 72 1753 +73.1
BBS (total score) 152 441+93 42 49857 78 421x95
ABC (total score) 156 91.5+323 43 104.2+£285 80 88.3+30.5
Physically sedentary 158 120 (76) 43 19 (42) 80 74 (93)

Continuous variables are expressed as mean * SD; Categorical variables are expressed as
number (%); MMSE=Mini-Mental State Examination; ADL=activities of daily living;
IADL=instrumental activities of daily living; BBS=Berg Balance Scale; ABC=Activities-
specific Balance Confidence Scale



TABLE Characteristics of older people with a previous hip fracture in the HIP
ASYMMETRY (n=78) and PROMO (n=81) studies stratified by functional
capacity; Good functional capacity was defined as difficulty in less than
four basic or instrumental activities of daily living; Decreased functional
capacity was defined as difficulty in four or more basic or instrumental
activities of daily living.

Good functional Decreased
capacity functional capacity
(n=62;39%) (n=97; 61%)

n  Mean*SD;n (%) n Mean+SD;n (%)  p*

Age (years) 62 760%72 97 783+72 0.601#

Gender: women 62 45(73) 97 71 (73) 1.000°

Body mass index (kg/m?) 61 253+33 93 265+4.1 0.491#

Number of chronic diseases 61 3x2 95 4+2 0.224

MMSE (total score) 62 258+29 96 258+28 0.953

Operation type 62 97 0.746°

Internal fixation 30 (48) 44 (45)
Arthroplasty 32 (52) 53 (55)

Time since fracture (years) 62 24+£26 97 13+16 0.021

Offending pain/fractured side ~ 62 28 (45) 97 33 (34) 0.183¢

Max strength/fractured limb (N) 57 241.5+111.6 97 186.4+£79.8 0.001

Use of walking aids outdoors 62 28 (45) 97 82 (85) <0.001#

BBS (total score) 58 492+54 97 41.0+£9.9 <0.001

ABC (total score) 59 111.4+26.6 97 79.2+29.7 <0.001

Physically sedentary 61 36 (59) 97 84 (87) <0.001#

Continuous variables are expressed as mean + SD; Categorical variables are expressed as
number (%); *Mann-Whitney U-test, except: #Independent Samples t-test; “Fisher’s Exact

test; BBS=Berg Balance Scale; ABC=Activities-specific Balance Confidence Scale



TABLE 7

in the same model (HIP ASYMMETRY + PROMO; Study I).

IRR’s and 95% CI’s for physical disability in the negative binomial regression model with ABC and BBS scores separately and together

ADL IADL
Covariates in the model Model 1* Model 2** P Model 1* p Model 2** p
ABC 0.99 (0.98-0.99) <0.001  0.99 (0.98-0.99) <0.001 0.99 (0.98-0.99) <0.001  0.99 (0.98-0.99) <0.001
Time since fracture 0.87 (0.81-0.94)  <0.001 0.90 (0.85-0.96)  <0.001
Offending pain/fractured limb 1.94 (1.05-1.72)  0.020 1.27 (1.04-1.56) 0.017
Number of chronic diseases 1.06 (0.99-1.13)  0.071 1.04 (0.98-1.09) 0.170
Max force/fractured limb 1.00 (0.99-1.00) 0.981 1.00 (0.99-1.00) 0.586
Use of walking aids outdoors 1.62 (1.12-2.34)  0.010 1.66 (1.23-2.25)  <0.001
BBS 0.96 (0.95-0.98) <0.001  0.98 (0.96-0.99) <0.001 0.96 (0.95-0.97) <0.001  0.98 (0.97-0.99)  <0.001
Time since fracture 0.88 (0.82-0.94)  <0.001 0.91 (0.86-0.96)  <0.001
Offending pain/fractured 1.38 (1.08-1.78)  0.011 1.31 (1.08-1.61)  0.007
limb
Number of chronic diseases 1.06 (0.99-1.14) 0.095 1.04 (0.99-1.10)  0.149
Max force/fractured limb 1.00 (0.99-1.00) 0.651 1.00 (0.99-1.00) 0.567
Use of walking aids outdoors 1.85(1.29-2.65)  <0.001 1.90 (1.42-2.54) <0.001
ABC 0.99 (0.98-0.99) <0.001  0.99 (0.98-0.99)  0.009 0.99 (0.98-0.99) <0.001  0.99 (0.98-0.99) <0.001
BBS 0.98 (0.96-0.99)  0.015 0.98 (0.97-1.00)  0.055 0.99 (0.97-0.99)  0.009 0.99 (0.97-1.00) 0.118
Time since fracture 0.87 (0.81-0.94)  <0.001 0.90 (0.85-0.96)  <0.001
Offending pain/fractured 1.34 (1.04-1.72)  0.022 1.27 (1.03-1.55)  0.021
limb
Number of chronic diseases 1.04 (0.98-1.12)  0.180 1.03 (0.97-1.09)  0.323
Max force/fractured limb 1.00 (0.99-1.00)  0.471 1.00 (0.99-1.00)  0.320
Use of walking aids outdoors 1.61 (0.11-2.35)  0.013 1.62 (1.19-2.19)  0.002

*Adjusted for age and gender; **Adjusted for age and gender and additionally for five potential confounders;
ABC=Activities-specific Balance Confidence Scale; BBS=Berg Balance Scale
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5.3 Feasibility of the interventions

5.3.1 Feasibility of progressive resistance training (Study II)

During the 12-week resistance training period, short-term adjustments for load
or training frequency were made for six participants following consultation
with a physician. In two cases, the reasons for adjustments were
musculoskeletal problems and in one case chest pain, both of which were likely
to be related to the training. In addition, one participant developed prolonged
radicular pain in one of the lower limbs after the training period. For two
participants, poor compliance with the training (based on the number of
sessions attended) was caused by health-related problems that were present
before the beginning of the trial and for one participant poor compliance was
due to of an unrelated wrist fracture. Training compliance overall was excellent,
with a mean of 91%. Excluding the three participants with rather poor
compliance (48% to 72%), the mean rate of training compliance was 97%. In the
control group, one participant dropped out for personal reasons and one
participant because of dissatisfaction with the randomization outcome. In the
training group, one participant dropped out for personal reasons, and another
participant refused to participate in the training immediately after
randomization owing to personal life changes. However, this participant
participated in the post-trial measurements.

5.3.2 Feasibility of multi-component home-based rehabilitation (Study IV)

The PROMO intervention was well tolerated and no intervention-related
adverse events occurred. Only one woman dropped out of the intervention
group for non-health-related personal reasons before the three-month follow-up.
Of the 40 participants in the intervention group, nine were suspended (i.e. told
to have a break) by a physician for medical reasons. During the first six months,
four participants were suspended. Two of them returned to the intervention
(revision operation and femoral fracture: ICD code S72.4) and two never
returned (pulmonary embolism and pneumonia + new hip fracture). In
addition, five participants were permanently suspended during the final six
months (pubic bone fracture, urinary tract infection, cerebral infarction, cardiac
failure, and sacrum strain fracture). One of the suspended participants died
before the twelve-month measurements owing to cardiac failure. In comparison,
in the control group there were two drop-outs (for personal reasons), four
revision operations, and no new hip fractures.

To assess possible adverse events of the intervention in more detail, we
also analyzed falls and use of emergency room services during the intervention.
During the one-year study, the number of participants who sustained a fall after
the previous assessment varied between 26 and 33% with no difference between
the intervention and control groups. During the first three months of the study,



65

3% of the participants in the intervention group and 13% of those in the control
group needed emergency room services. Thereafter, approximately 8% of the
participants in the intervention group and 20% of the controls reported use of
emergency room services during the last 3 to 6 months. No significant
difference was observed between the study groups. These results indicate that
the intervention did not cause excessive adverse events.

The means and standard deviations of the number of exercises performed,
expected number of exercise sessions, and exercise compliance are presented in
Table 8. In general, compliance was higher during the first six months at 61%
for strengthening, 53% for stretching, 65% for balance, and 69% for functional
exercises. During the final six months, the corresponding values were 39%, 37%,
and 43% (functional exercises were instructed to be done during the first twelve
weeks only). Overall exercise compliance was 61% during the first six months,
40% during the final six months, and 54% across the whole twelve-month
period. Five participants were deemed to exercise with low frequency (i.e. total
number of all exercises less than 45% of the expected amount). Two of them
reported no exercises at all during the one-year intervention.

Compliance with the physical activity counseling, which was part of the
intervention, was excellent. One participant, who was suspended from week 13
onwards, did not receive any counseling session. All the others received at least
the first face-to-face session. Therefore compliance with the first face-to-face
session was 98% and thereafter it was 90% (first phone contact), 88% (second
face-to-face), and 88% (second phone contact), and 83% (third phone contact).

5.4 Effects of the interventions on physical disability

5.4.1 Effects of progressive resistance training (Study II)

The effects of resistance training on physical disability are presented in Table 9
(single items) and Figure 5 (sum scores). The most obvious changes were
observed in transferring in and out of bed and in coping with heavy housework.
Six persons in the training group had difficulties in transferring in and out of
bed at baseline but no one reported difficulties at the post-trial assessments.
Similarly, in heavy housework seven persons in the training group reported
less difficulty at the post-trial than baseline assessments. In the control group,
no such improvement was observed. The ADL sum score improved
significantly in the training group (p=0.034). The relative changes were 9.0% for
the ADL and 13.2% for the IADL sum scores. The respective values in the
control group were 2.6% and 8.1%.



TABLE 8 Mean number and standard deviation of exercises, and exercise compliance (PROMO; Study IV).

1-6 months 7-12 months 1-12 months

Expected . Expected . Expected .
Exercises i\é[le)a;n nuII)nk.)er of i/iomphance“ Mean (SD) nuII)nk.)er of i/iomphance“ Mean (SD) nulrjn}:.)er of E/iomphance“

exercises exercises exercises
Strengthening 47.9 (34.0) 78 61.4 30.1 (32.5) 78 38.6 78.0 (62.7) 156 50.0
Stretching 412(351) 78 52.8 292(328) 78 37.4 704 (64.6) 156 451
Balance 43.6 (29.8) 65 67.1 39.2(30.7) 65 60.3 724 (56.4) 130 55.7
Functional* 20.8 (16.6) 30 69.3 ~ ~ ~ ~ ~ ~
Total 152.3 (109.6) 251 60.7 874 (96.3) 221 39.5 239.8 (195.2) 442 54.3

*Functional exercises were performed only during the first 12 weeks; *Compliance=[proportion of exercises performed]/[expected number of
exercises]*100%



67

TABLE9  Proportion of self-reported difficulty in ADL/IADL in the training and control
groups (HIP ASYMMETRY; Study II).

Training group Control group
(n=21-22) (n=20-21)
Category Task Baseline Post-trial Baseline  Post-trial
ADL Eating 1/22 1/22 2/21 3/21
Transferring in and out of bed!  6/22 0/22 5/21 4/21
Dressing 5/22 2/22 4/21 2/21
Bathing 4/22 2/22 1/21 0/21
Cutting toe nails 14/21 14/21 11/21 11/21
Toileting 1/22 0/22 1/21 1/21
IADL Preparing food 5/22 2/22 3/21 1/21
Doing laundry 5/22 5/22 2/21 0/21
Shopping 8/22 5/22 9/21 7/21
Coping with light housework 7/22 5/22 6/21 2/21
Coping with heavy housework? 13/22 6/22 14/21 15/21
Handling medication 3/22 0/22 1/21 1/21
Using the telephone 2/22 1/22 1/21 1/21
Using public transportation 11/22 6/22 7/20 7/20
Handling finances 1/22 0/22 2/21 1/21

1p=0.031 (McNemar within training group); 2p=0,016 (McNemar within training group)

ADL sum score IADL sum score
35 5 -
3 4,5
25 4
o 35
—— =Trainin
15 3 g
---- = Control
1 25
05 2
0 15
Baseline 3 months post trial Baseline 3 months post trial

FIGURE5 ADL and IADL sum scores and standard errors for the training (TG) and
control (CG) groups; ANCOVA p-values are adjusted by baseline (HIP
ASYMMETRY; Study II).
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5.4.2 Effects of multi-component home-based rehabilitation (Study IV)

The results of the individually tailored extended multi-component home-based
rehabilitation program on self-reported difficulty in ADL and IADL are
described as single items in Table 10 (ADL) and Table 11 (IADL) and as sum
scores in Table 12.

Overall, ADL and IADL difficulties decreased in both groups, especially
during the first three months (time p<0.001). In the ITT analyses positive,
however not significant, intervention effects were observed in the ADL or IADL
sum scores. The mean differences between groups at three, six and twelve
months in the ADL sum score were -0.3 (SD=4.2), -1.1 (6.3), and -0.1 (7.1) points
and interaction p=0.436 in the crude GEE model (Figure 7.A and Table 12). The
corresponding IADL values were -0.9 (9.5), -2.6 (11.7), and -1.7 (11.9); p=0.920
(Figure 7.B and Table 12).

Additionally, when single items were analyzed with the ITT principle, a
borderline significant positive intervention effect was observed in preparing
meals and handling medication (interaction p=0.061 and p=0.061), respectively
(Figure 6). In the per-protocol analysis, the mean differences in the disability
sum scores between the groups were larger although non-significant (Figure
7.C&D). The results for the adjusted sum score models remained similar.

Morover, there was a significant improvement in physical activity
(interaction p=0.005, unpublished). Overall, time spent on moderate or heavy
physical activity increased, whereas sedentary time and time spent on light
physical activity decrased.

Preparing meals (p=0.061) Handling medication (p=0.061)
100 % 100 %
90 % 90 % . - .
80% 80 %
70% 70%
60% 60% O Major difficulty
50 % 50% B Some diffuculty
40% 40% i B No difficulty
30% 30% .
20% 20% . .
10% 10%
0% 0%
[T} =] o o <) o (=] o Q o (=] o
é E E E £ E E E £ E E E £ E E E
g (22} w ~ 3 m w o~ 2 23] [ts] o~ 2 m o ~
© -~ L s o — © -~
o =] [=4] @
Intervention Control Intervention Control

FIGURE 6 Change in self-reported difficulty in preparing meals and handling medication
and interaction p-values in the crude GEE models (PROMO; Study 1V).
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TABLE 10 Number and proportions of participants reporting difficulty in ADL
(PROMGO; Study 1V).
Intervention (n=40) Control (n=41)
Task Time n No Some Lotsof n No Some Lotsof p”
Eating Baseline 40 35(88) 4(10) 1(3) 41 34(83) 6(15) 1(2) 0.193
3month 40 30(83) 4(11) 2(6) 41 36 (92) 3(8) 0
6month 38 32(84) 5(13) 1(3) 39 32(82) 6(15) 1(3)
12month 36 32(89) 4(11) O 39 31(80) 6(15) 2(5)
Transferring in Baseline 40 25(63) 13 (33) 2(5) 41 24 (59) 16 (39) 1(2) 0.517
and out of bed 3month 40 25(69) 11(31) 0 41 28(72) 10(26) 1(3)
6month 38 27(71) 9(24) 2(5) 39 27(69) 10(26) 2(5)
12month 35 26 (74) 6(17) 3(9) 39 31 (80) 8 1) o
Dressing Baseline 40 19 (48) 18 (45) 3 (8) 41 22(54) 19(46) O 0.193
3month 40 25(69) 10(28) 1(3) 41 25(63) 14(35) 1(3)
6month 38 26(68) 10(26) 2(5) 39 23(59) 13(33) 3(8)
12month 36 25(69) 7(19) 4(11) 39 24(62) 12(31) 3(3)
Bathing Baseline 40 18 (45) 14 (35) 8(20) 41 20(49) 13(32) 8(20) 0.193
3month 40 24 (67) 5(14) 7(19) 41 24(63) 8(21) 6(16)
6month 38 27(71) 8(21) 3(8) 39 23(59) 10(26) 6 (15)
12month 36 25(69) 4(11) 7(19) 39 25(64) 8(21) 6(15)
Toileting Baseline 40 30 (75) 5(13) 5 (13) 41 28(68) 13(32) O 0.513
3month 40 29(81) 6(17) 1(3) 41 34@87) 5(13) 0
6month 38 32(84) 5(13) 1(3) 39 33(85) (13) 1)
12month 36 28 (78) 6(17) 2(6) 39 33(85) 5(13) 1(3)
Cutting toe nails ~ Baseline 40 5(13) 7(18) 28(70) 41 6(15) 17 (42) 18(44) 0.334
3month 40 7(19) 11(31) 18(50) 41 13(33) 11(28) 15(39)
6month 37 8(22) 16(43) 13(35) 39 13(33) 10(26) 16 (41)
12month 36 7(19) 13(36) 16(44) 39 15(39) 14 (36) 10 (26)

Data presented as n (%); *General Estimation Equations, crude model, interaction p-value
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TABLE 11 Number and proportions of participants reporting difficulty in IADL
(PROMO; Study 1V).
Intervention (n=40) Control (n=41)
Task Time n No Some Lotsof n No Some Lotsof p*
Preparing food ~ Baseline 40 18 (45) 10(25) 12(30) 40 23(58) 11(28) 6(15) 0.061
3month 40 23(64) 6(17) 7(19) 40 26 (67) 10(26) 3(8)
6 month 38 26(68) 6(16) 6 (16) 39 2(56) 7(18) 10 (26)
12month 36 23 (64) 7(19) 6(17) 39 25(64) 9(23) 5(13)
Doing laundry Baseline 40 19 (48) 8(20) 13(33) 40 21(53) 8(20) 11(28) 0.112
3month 40 23 (66) 5(14) 7(20) 40 25(63) 10(25) 5 (13)
6month 38 28 (74) 2(5) 8(21) 39 23(59) 3(8) 13 (33)
12month 36 26(72) 0 10(28) 39 26(67) 7(18) 6 (15)
Coping with light Baseline 40 15(38) 11(28) 14(35) 40 16 (40) 12(30) 12(30) 0.121
housework 3month 40 20(56) 10(28) 6 (17) 40 25(63) 8(20) 7(18)
6month 38 26(68) 8(21) 4(11) 38 21(55) 9(24) 8(21)
12month 35 24 (69) 4 (11) 7(20) 39 21(54) 11(28) 7(18)
Coping with Baseline 40 3 (8) 11(28) 26(65) 40 5(13) 12(30) 23(58) 0.233
heavy housework 3month 40 6(17) 13(36) 17(47) 40 9(23) 12(30) 19 (48)
6month 38 6(16) 14 (67) 18(47) 39 11(28) 7(18) 21 (54)
12month 36 8(22) 9(25) 19(53) 39 12(31) 8(21) 19(49)
Handling Baseline 40 26 (65) 5(13) 9(23) 39 29 (74) 4(10) 6(15) 0.061
medication 3month 40 27(77) 1(3) 7(20) 39 29(74) 7(18) 3(8)
6month 38 29 (76) 1(3) 8 (21) 38 26 (68) 2(5) 10 (26)
12 month 35 26 (74) 2 (6) 7 (20) 38 23(61) 3(8) 12 (32)
Using the Baseline 40 38 (95) 1(3) 183) 41 33(81) 7(17) 1(2 0.119
telephone 3month 40 31(86) 5(14) 0 41 33(85) 4(10) 2(5)
6month 38 33(87) 5(13) 0 38 34(90) 3(8) 1(3)
12month 36 34 (94) 1(3) 1(3) 39 36(92) 3(8) O
Public Baseline 39 13(33) 7(18) 19(49) 36 6(17) 13(36) 17 (47) 0.122
transportation  3month 39 11(32) 8(24) 15(44) 36 14(37) 12(32) 12(32)
6month 36 14 (39) 9(25) 13(36) 37 19(51) 7(19) 11(30)
12month 33 13(39) 9(27) 11(33) 38 18(47) 7(18) 13(34)
Handling finances Baseline 40 25 (63) 7 (18) 8(20) 41 25(63) 7 (18) 8(20) 0.274
3month 40 24 (67) 4(11) 8(22) 41 24 (67) 4(11) 8(22)
6month 38 30(79) 1(3) 7 (18) 39 30(79) 1(3) 7 (18)
12month 36 29 (81) 0 7 (19) 39 29(81) O 7 (19)

Data presented as n (%); *General Estimation Equations, crude model, interaction p-value
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TABLE 12 ADL and IADL sum score values, training effects and mean differences
between groups (PROMO; Study 1V).

Intervention (n=40)

Control (n=41)

Time Sum Sum Difference

Category point scorel Change? no el Change? p3 between
groups

ADL Baseline 40 4.7 (3.2) 41 3.9(3.0) 0.436

3 month 36 3432 -15(21) 39 3.0(.0) -1.2(2.0) -0.3 (4.2)

6 month 38 3.0(.2) -1.7(29) 39 34(3.7) -0.6(3.1) -1.1 (6.3)

12month 36 3.6(41) -1.1(3.9) 39 3.0(.7) -11(2.8) -0.1(7.1)
IADL Baseline 40 94 (7.7) 41 7.8 (6.5) 0.920

3 month 36 71(71) -28(4.2) 39 55(6.0) -1.9(4.9) -0.9 (9.5)

6 month 38 6.4(6.6) -3.1(5.1) 39 72(7.8) -05(6.2) -2.6 (11.7)

12month 36 6.8(7.7) -2.8(5.8) 39 65(7.1) -1.1(5.6) -1.7 (11.9)

Data presented as mean (SD); 'Higher score indicates more difficulty; 2The mean relative
changes in the ADL and IADL sum scores between the baseline and different follow-up
assessments were calculated as [follow-up - baseline]; a negative value indicates reduction
in ADL/IADL disability; 3General Estimation Equations, crude model, interaction p-value

Baseline 3 mo

INTENTION-TO-TREAT ANALYSIS (A&B)
A) ADL sum score; p=0.436

6 mo

PER-PROTOCOL ANALYSIS (C&D)

C) ADL sum score; p=0.190

0,0
-0.5
-1.0
15
-20
25 -
-3,0
Baseline 3 mo

6 mo

12 mo

12 mo

B) IADL sum score; p=0.920

-5.0
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D) IADL sum score; p=0.651
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FIGURE7 Mean changes, standard errors, and interaction p-values for the ADL and
IADL sum scores: A&B=All participants; C&D=Participants who were
suspended or exercising with low frequency and therefore excluded from the
analysis at issuing time point (PROMO; Study 1V).
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5.5 Effects of the interventions on balance confidence (Studies II
& IV)

The three-month progressive resistance training did not affect balance
confidence (interaction p=0.819, see Figure 9.A). The baseline ABC score was
107.1 (SD=26.5) in the training group and 107.7 (28.1) in the control group. The
respective values at the three-month follow-up were 104.4 (30.9) and 105.6
(27.2).

The individually tailored extended multi-component home-based
rehabilitation program had no statistically significant effects on balance
confidence over the twelve-month period (interaction p=0.429, see Figure 9.B).
Both groups improved during the first three months but not significantly (time
p=0.264). At baseline, the mean ABC score in the intervention group was 89.51
(32.5) and at 3, 6, and 12 months the score was 94.0 (33.6), 98.0 (28.9), and 95.8
(34.5). In the control group the corresponding values were 87.2 (28.8), 97.1
(28.9), 95.6 (27.0, and 94.6 (29.2).

A) ABC sum score in Hip Asymmetry B) ABC sum score in ProMo
115 105
110 ] ] 100
105 - ommmmemm—mmmem=m=oT 96
p=0.891 l
100 90
95 a5
90 80
Baseline 3 months post trial Baseline 3 month 6 month 12 month

FIGURE 8 Means, standard errors, and interaction p-values in the crude GEE models for
ABC sum score in the HIP ASYMMETRY (Study II) AND PROMO (Study IV).



6 DISCUSSION

This research was conducted to examine the effects of two rehabilitation
interventions aiming to reduce physical disability after a hip fracture among
community-dwelling older people. The effects of a three-month individually
tailored progressive resistance training program and the effects of a one-year
individually tailored multi-component home-based rehabilitation program on
physical disability were investigated. In addition, the associations between
balance confidence and functional balance in relation to physical disability were
studied. The target group consisted of community-dwelling older men and
women who had sustained a previous hip fracture.

This study showed that both the resistance training and individually
tailored multi-component home-based rehabilitation program improved
independence in daily activities. However, the effects of the home-based
rehabilitation were less comprehensive. Moreover, the results suggested that
balance confidence and functional balance were both independently associated
with perceived physical disability.

6.1 Effects of the interventions on physical disability

6.1.1 Effects of progressive resistance training

The HIP ASYMMETRY study focused on community-dwelling older people
who had sustained a hip fracture on average three years earlier. When this
group of older people with a previous hip fracture was compared with sex- and
age-matched controls without fracture history, statistically significant
differences were observed in coping with daily activities.

After the 3-month progressive resistance training period fewer difficulties,
especially in the basic activities of daily living, were reported. In particular,
there were fewer self-reported difficulties in transferring in and out of bed and
coping with heavy housework. To our knowledge, no other studies have
reported significant improvement in ADL or IADL after resistance training
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among older hip fracture patients. Three previous trials have shown that
progressive 12-week resistance training may improve muscle force (Hauer et al.
2002, Mangione et al. 2005, Sylliaas et al. 2011, Sylliaas et al. 2012), balance
(Sylliaas et al. 2011), and mobility (Hauer et al. 2002, Sylliaas et al. 2011)
compared to aerobic training, placebo activities or standard care among older
people who have suffered a hip fracture. However, the changes in self-rated
disability outcomes were non-significant in any of these studies. This may be
due to different timing of the interventions.

Based on earlier studies, recovery in ADL and IADL takes place after
recovery in deficits related to performance of mobility tasks (Jette et al. 1987,
Magaziner et al. 2000). This recuperation pattern is parallel to the disablement
process described by Verbrugge and Jette (1994). Moreover, recovery in daily
activities may continue beyond 18 months post fracture (Magaziner et al. 2000).
In the study by Hauer et al. (2002) the training intervention started right after
hospital discharge. Other trials examining strength training interventions
reported that the exercise period begun three to six months after the fracture
(Mangione et al. 2005, Sylliaas et al. 2011, Sylliaas et al. 2012). In the HIP
ASYMMETRY study, the intervention took place six months to seven and half
years after the fracture. Thus natural healing did not affect the results. However,
the functional capacity and mobility had reached the level where the recovery
of perceived disability was possible.

The improvement observed in transferring in and out of bed and coping
with heavy housework is understandable since in both of the daily tasks,
muscle strength and power of the lower limbs are required. However, despite
the success of rehabilitation few years after the fracture, it is nevertheless
important to begin rehabilitation as soon as possible after the surgery to prevent
onset of the disablement process. The effects of the same intervention on muscle
strength and power have been analyzed and reported earlier (Portegijs et al.
2008). The researchers found that progressive resistance training improved both
lower limb muscle force and power, particularly on the weaker side.

The results of the present study are consistent with those of previous
studies reporting that sufficient muscle strength is necessary to cope with daily
activities (Ferrucci et al. 1997, Jette 2006). In particular, the self-care-related ADL
tasks are fundamental for independence in modern society. Nevertheless, only
a few studies have been published on the effects of resistance training on
physical disability among high-risk groups of older people. However, quite a
few studies have investigated the effects of resistance training on physical
functional capacity assessed by performance-based measures. Self-reported
disability and performance-based functional measures assess different stages of
the disablement process (Nagi 1976, Kelly-Hayes et al. 1992, Guralnik et al.
1994). In this study, our primary focus was on perceived physical disability,
which is a subjective evaluation of a person’s difficulties in daily living.
Consequently the results of this study should be considered relevant and
significant on the societal level.
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The recent systematic review by Liu and Latham (Liu & Latham 2010)
contributes evidence that progressive resistance training, including strength
and the performance of various simple and complex activities, is an effective
intervention for improving physical functioning among older people. This is in
line with our results. More research, however, is needed on how progressive
resistance training can be applied in clinical populations, such as hip fracture
patients, as adverse events have not always been adequately reported (Liu &
Latham 2009). For example, in the study by Timonen et al. (2009), while
progressive resistance training for ten weeks did not cause any serious adverse
events, it had no positive effect either on functional independence in frail older
women (Timonen et al. 2006). In our study, no serious adverse events occurred
and functional independence improved in the training group.

6.1.2 Effects of multi-component home-based rehabilitation

The PROMO study involved community-dwelling older people who had
suffered a recent hip fracture. This study reported the effects of a one-year
individually tailored multi-component home-based rehabilitation program on
perceived physical disability among this target group. In the intention-to-treat
analyses, the PROMO intervention had positive, though not significant, effect
on physical disability. Additionally, in the more detailed analyses, we found
that the intervention tended to reduce perceived difficulty in two IADL tasks:
preparing meals and handling medication. Furthermore, in the per-protocol
analyses a greater, yet not significant, difference between groups was observed
in both the ADL and IADL sum scores.

The results of this study are consistent with earlier findings (Marottoli,
Berkman & Cooney 1992, Leibson et al. 2002) indicating that the consequences
of a hip fracture are substantial, since a large number of the participants had
some or major difficulty in ADL and IADL. In line with the other studies, most
of the recovery in physical functioning occurred within the first three to six
months after discharge (Magaziner et al. 2000, Zidén, Kreuter & Frandin 2010).
Some of this recuperation is presumably natural and may occur in the absence
of intervention. In our study, the greatest improvement in ADL and IADL
occurred during the first three months in both groups.

Much research has been conducted on mobility and physical functioning
outcomes (walking, muscle strength/power, balance etc. (Handoll & Ollivere
2010). However, only a few earlier RCTs have investigated individual multi-
component home-based rehabilitation interventions aiming to improve
independence in ADL and IADL in older people who have sustained a hip
fracture, and the results have been conflicting. Tinetti et al. (1999) studied the
effects of a six-month physical and functional therapy program implemented by
a physiotherapist and rehabilitation nursing staff. Tsauo et al. (2005) studied the
effects of a twelve-week individualized home-based physical therapy program
and Orwig et al. (2011) studied a six-month intervention, comprising an
exercise module and a self-efficacy based motivational module, implemented
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by physiotherapists. None of these studies found any significant advantage
over standard care.

As far as we know, only two RCTs have indicated that an individually
tailored multi-component home-based rehabilitation program has improved
independence in daily activities after a hip fracture (Crotty et al. 2002, Crotty et
al. 2003, Zidén, Frandin & Kreuter 2008, Zidén, Kreuter & Frdndin 2010).
However, in these studies the intervention started when the participants were
inpatients in geriatric wards and involved hospital staff. The interventions
focused on supporting discharge and enhancing self-efficacy. Additionally, they
comprised home visits by both physical and occupational therapist. In the study
by Crotty et al. (2002 & 2003) a speech pathologist and a social worker also
visited the participants. The results of our study are in part similar to those
previously reported (Crotty et al. 2002, Crotty et al. 2003, Zidén, Frandin &
Kreuter 2008, Zidén, Kreuter & Frandin 2010). Although the PROMO
intervention did not have a wide-ranging effect on ADL and IADL in the ITT
analysis, a positive borderline significant intervention effect was detected in
two IADL tasks (preparing meals and handling medication). Additionally, the
per protocol analysis showed greater, though non-significant, improvements in
ADL and IADL overall.

Differences between study designs and interventions may partially
explain the different results obtained by the PROMO study and the studies by
Crotty et al. (2002 & 2003) and Zidén et al. (2008 & 2010). The ProMo
intervention was started right after the baseline laboratory measurements
which were carried out as soon as the participants were able to perform the
laboratory based mobility test safely. This was on average six weeks after
discharge from hospital. All participants had, however, received standard care
i.e. an exercise program from the local hospital or health care center before
hospital discharge. Additionally, the ProMo intervention took place in the
participants” homes, and included visits and phone calls by a physiotherapist.
Neither hospital staff nor occupational therapists were involved with the
implementation of the intervention.

The borderline significant improvement seen in two separate IADL items
in our study is, however, encouraging. Preparing meals is important and
essential daily activity for everyone. As described earlier, our intervention
included progressive balance exercises. Thus the improvement in preparing
meals may have occurred through improved balance resulting in a better
standing position and freedom from assistive devices inside the home. This
makes functioning in a kitchen more fluent and less effortful. In addition,
handling medication is an essential skill for most community-dwelling older
people, who consume on average three times the number of medications of
younger adults (Gallagher et al. 2008) and use two to six prescribed medications
concurrently (Chin et al. 1999). Our intervention also included structured pain
management sessions. Consequently, checking the dosage and sufficiency of the
prescribed and over-the-counter pain medication may have led to greater ease
of handling of other medications. Managing these two foregoing IADL tasks



77

reduces the need for home care services and therefore notably reduces
healthcare-related costs. Accordingly, the result can be considered clinically
valuable. As far as we know, our trial is the first to show the positive effect of
an individually tailored multi-component home-based rehabilitation program
on independence in these two IADL tasks in community-dwelling older people
with a previous hip fracture.

Various individual- and environment-related characteristics can affect to
physical disability after a hip fracture. The physical environment and use of
assistive devices or other compensatory techniques may have a considerable
impact on the ability to perform daily activities (Sallinen et al. 2009, Nyberg et
al. 1996, Verbrugge & Jette 1994, Rosso, Auchincloss & Michael 2011). The
weather can also affect physical disability, particularly in countries like Finland
where the climate includes warm summers as well as cold and often snowy and
slippery winters (Yang et al. 2010, Deshpande et al. 2008, Ferrucci et al.
1996). In addition, social support given by relatives or friends may contribute
to a more active lifestyle among older people with fractures (Huang & Acton
2009, Shyu et al. 2006, Ekstrom, Dahlin Ivanoff & Elmstahl 2012). In this study,
we assessed the individual’s surroundings and home environment as a part of
the intervention. Moreover, a physiotherapist suggested minor modifications to
the home environment when necessary. We also gathered information on
formal and informal support. However, these variables were not included in
the present analyses. Nevertheless, the weather was taken into account as a
covariate in the GEE modeling, where it was coded as the average monthly
temperature.

Encouraging older people to be physically active is essential, since
physical activity reduces the risk for disability and the development of
dependency (Hirvensalo, Rantanen & Heikkinen 2000, Boyle et al. 2007).
Appropriate physical activity may also reduce fall risk (Liu-Ambrose et al. 2005)
potentially by improving muscle strength, balance, coordination, transferring
skills, and reaction to environmental hazards (Khan et al. 2001). Moreover,
physical activity reduces the risk for several non-communicable diseases (Lee et
al. 2012) and increases mental well-being (Fox et al. 2007). Consequently,
physically active individuals can achieve more years of active independent
living (Franco et al. 2005, Davis & Fox 2007). However, the majority of older
adults fail to meet the health recommendations of 30 min of moderate to
vigorous physical activity on five or more days a week (altogether a minimum
of 2.5 hours per week) (Davis & Fox 2007).

One component of the home-rehabilitation program was physical activity
counseling. The counseling proved to be effective, as physical activity in the
intervention group increased significantly compared to that in the control
group (unpublished). Generally, sedentary time and light physical activity
decreased whereas moderate and heavy physical activity increased during the
intervention. A prior study by Minty et al. (2009) has also shown that even a
single physical activity counseling session with supportive phone contacts can
have a positive effect on mobility. In addition, another recent study suggest that
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exercise adherence after hospital discharge can be increased by enlightening the
older adult’s knowledge about the benefits of physical activity through exercise,
counseling and support from physical therapist (Brovold, Skelton & Bergland
2012). Our findings are in line with the prior studies.

6.2 Balance confidence and functional balance as determinants of
physical disability

In the present study among older people with a history of a traumatic accident
involving a fall, decreased balance confidence and impaired functional balance
were both strong and independent determinants of perceived physical
disability. Moreover, adjusting for several known confounders only marginally
changed the associations. To our knowledge, this is the first study which has
simultaneously examined the associations of balance confidence and functional
balance in relation to physical disability among this important group of older
people at high risk for losing independence.

Balance confidence was strongly associated with functional balance
explaining half of the variation in Berg Balance score. However, including both
the Berg Balance score and Activities-specific Balance Confidence score
simultaneously in the negative binomial regression model did not materially
change the individual incidence rate ratios. This suggests that the Activities-
specific Balance Confidence Scale and Berg Balance Scale measure partly
different phenomena in relation to physical disability. However, assessing
balance confidence may provide valuable information when it is not possible to
conduct functional balance measurements in laboratory conditions.

Our study, together with the previous studies, indicate that hip fracture
patients comprise a special group of older people with impaired functional
balance (Sihvonen et al. 2009, Magaziner et al. 2003), low balance confidence
(Petrella et al. 2000, McKee et al. 2002), a greater physiological fall risk (Lloyd et
al. 2009, Karinkanta et al. 2010) and a high risk for increased physical disability
(Magaziner et al. 2003, Jellesmark et al. 2012). Furthermore, our findings are
consistent with previous studies pointing out that fear of falling and functional
balance are associated with independence in daily activities after a previous hip
fracture (Murphy, Williams & Gill 2002, Ingemarsson et al. 2003, Li et al. 2003,
Folden & Tappen 2007, Deshpande et al. 2008).

In this study neither the progressive resistance training nor multi-
component home-based rehabilitation program had positive effects on balance
confidence. Earlier studies have provided inconsistent results on the effects of
physical exercise interventions on balance confidence in older hip fracture
patients. For instance, in the study by Crotty et al. (2002 & 2003) a 4-month
individually tailored home-based rehabilitation aiming to improve balance
confidence and quality of life and to reduce physical and social dependence had
no significant effect on balance confidence measured with Activities-specific
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Balance Confidence Scale. However, another RCT which focused on improving
balance confidence, physical functioning and daily activity level showed that a
1-month multi-professional home rehabilitation program improved balance
confidence measured with the Falls Efficacy Scale and that the positive effects
were maintained for 12 months at least post intervention (Zidén, Frindin &
Kreuter 2008, Zidén, Kreuter & Frandin 2010). The inconsistency of the results
may be due to different measures of self-efficacy used in the studies.

Both balance confidence and functional balance have an essential role in
coping with daily activities, especially in tasks which require independent
maintenance of a standing position or walking e.g. doing heavy housework or
preparing meals. However, being in good physical condition does not
guarantee good functional capacity, since excessive fear of falling may lead to
activity restriction and exercise avoidance (Yardley & Smith 2002, Deshpande et
al. 2008), in turn complicating and delaying the rehabilitation process and
resulting in even more severe functional limitations and disability (Cumming et
al. 2000, Li et al. 2003, Delbaere et al. 2004). Based on recent research, elevated
levels of perceived fall risk may lead to future falls, independent of
physiological fall risk (Delbaere et al. 2010a). Consequently, balance training by
itself may not be successful without management of fall-related fear.
Alternatively, older people with inappropriately low levels of fear of falling
might take unnecessary risks in excess of their physical functional capacity
(Hadjistavropoulos, Delbaere & Fitzgerald 2011). Accordingly irrational fear of
falling, either too much or too little, deserves more attention when designing
and implementing rehabilitation programs.

6.3 Methodological considerations and limitations

The strengths of the present study include data on of two randomized
controlled trials. Consequently, we were able to study the effects of two
different physical rehabilitation protocols on perceived physical disability.
Moreover, we succeeded in recruiting a unique clinical group of community-
dwelling older people who had sustained a hip fracture. In the HIP
ASYMMETRY study, the participants had sustained the hip fracture on average
three years earlier and in the PROMO study on average ten weeks earlier.
Recruitment was carried out in co-operation with the Central Finland Health
Care District. Both the randomized controlled trials reported in this study
included a thorough medical examination to ensure safe participation. The
training interventions were planned and carried out based on the American
College of Sports Medicine guidelines (Haskell et al. 2007). In addition, we
included a comprehensive battery of laboratory-based physical and functional
assessments. With these assessments we were able to design valid statistical
models, with relevant and necessary potential confounders, to estimate the
associations of functional balance and balance confidence with physical
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disability as well as the effects of resistance training and home-based
rehabilitation on physical disability.

The interventions in this study proved feasible to carry out. No serious
adverse events occurred during the three-month strength training or one-year
home-exercise period. The overall compliance with the strength training was
excellent (99%). Only three participants had rather poor compliance and one
participant in the intervention group dropped out. Further, the resistance
training protocol can be considered potentially cost-effective, since the training
was group-based and therefore less costly than individual physical
rehabilitation given by a physiotherapist. In the PROMO study, nine
participants were suspended for non-intervention-related medical reasons
(seven of them permanently). Moreover, five participants exercised with low
frequency, yet only one dropped out. The home-based intervention was
originally designed to be easy to implement in order that it could be introduced
into communal health care without making large demands on resources.
Therefore the PROMO rehabilitation was organized with a minimal number of
home visits. Compliance with the home exercises was good (on average 55%)
compared to that reported in other studies with similar home-based physical
rehabilitation protocols (Tinetti et al. 1999, Sherrington, Lord & Herbert 2004).
This indicates that for most participants the home exercises could easily be
performed independently. However, the PROMO intervention group was
heterogeneous, as hip fracture patients usually are, and some of the participants
might have benefitted from a more supportive intervention with additional
home visits and phone contacts.

The physical activity counseling which was part of the intervention in the
PROMO study was easily implemented and compliance was excellent (99%).
During the first six months of the intervention the participants spent on average
2.8 hours a week on the home-exercises. This meets the earlier mentioned
physical activity recommendations (2.5 hours per week). The physical activity
counseling took place after the three-month follow-up assessments. Thereafter,
time spent on leisure time physical activity and other voluntary physical
activity (hobbies etc.) increased and the time spent with home-exercises
decreased.

The lower compliance with the home-based exercises compared to
resistance training is to be expected. Each resistance training session was
guided by a physical therapist and the training was group-based. In contrast,
the home-exercises were carried out alone outside of the home visits by the
physiotherapist. However, it should be noted that even lower compliance with
home exercises is a better option than no exercise at all. On many occasions,
older hip fracture patients cannot participate in rehabilitation that takes place
outside the home since they are not able to leave their homes and travel to the
rehabilitation facilities. In these situations there is a demand for home-based
rehabilitation.

In the HIP ASYMMETRY study, the power calculations were initially
done to detect changes in the variables measuring muscle strength and power.
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Moreover, in the PROMO study, the original primary outcomes were mobility
limitation, mobility difficulty and mobility recovery. Perceived physical
disability was originally planned as a secondary outcome in both RCTs.
Therefore the power of the studies may have been too weak to show more
explicit training effects in physical disability or balance confidence. Disability
and balance confidence were measured with questionnaires, which are less
sensitive to change than the performance-based laboratory measurements
carried out to detect changes in the primary outcomes. Despite of this, some
significant results were found.

The ADL and IADL scales used in this study are commonly utilized
validated Finnish translations. However, the number of the response categories
was slightly different between the studies ranging from 1 to 4 in the Hip
Asymmetry and from 1 to 5 in the ProMo study. Moreover, during the editing
process of the questionnaire package used in the ProMo study, one IADL
question was left out by accident. Thus the number of IADL questions in the
questionnaire was different (8 questions) compared to that of the Hip
Asymmetry study (9 questions). Although there were several check outs for the
questionnaire package, none of the researchers noticed the mistake until the
data collection was completed and data analyses begun. This was an
unfortunate mistake, but we considered that it was not a disincentive to analyze
the disability data.

The participants in both RCTs were community-dwelling and discharged
from the hospital to their own homes. Consequently, they were relatively
independent in ADL already at the baseline. Since many of the participants
with good functional capacity perceived only a few difficulties in daily
activities at baseline, the disability questionnaire used in this study showed a
ceiling effect. Therefore detecting an improvement in ADL and IADL
independence was challenging. Use of a more sensitive disability scale, such as
the Functional Status Questionnaire (Jette 1980) might be expected to overcome
the ceiling effect of the assessment scale. On the other hand, it is known that
ADL and IADL recovery occurs after mobility recovery and that independence
in IADL, in particular, may continue to improve beyond 18 months post
fracture (Manton 1988, Magaziner et al. 2000). In the HIP ASYMMETRY study,
there was no follow-up to detect long-term effects of the strength training
program or maintenance of the outcomes after the three-month assessments. In
the PROMO study, the participants are being followed for 24 months. The data
follow-up collection is still in process and the results will be reported later.
Study IV shows the results for the first twelve months.

The results of this study might somewhat underestimate the effects of the
interventions. It is known that persons in worse physical condition often benefit
most from rehabilitation. However, in our study the frailest individuals were
deliberately excluded. Moreover, the associations between functional balance,
balance confidence and physical disability would probably have been stronger,
if we had been able to study even frailer hip fracture patients. Furthermore, it is
typical in RCTs that those in the control group also begin to increase their
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engagement in exercise during an intervention despite being instructed to
maintain their lifestyle as it was before the research period. This also leads to
underestimation of the training effects.

Notably, because of the cross-sectional study design reported in Study I,
the causality between balance confidence, functional balance, and physical
disability remains unclear and the results are largely hypothesis-derived.
Therefore, it is possible that disability caused adoption of a sedentary lifestyle,
followed by low balance confidence and impaired functional balance. Either
way, there is a need for effective physical rehabilitation.

Generalizing the study results to older hip fracture patients should be
done cautiously. The participants in our study were community-dwelling, and
therefore representative of the elite group of hip fracture patients. Those who
were unable to walk independently outdoors or had severe physical or
psychological medical conditions were excluded. Nevertheless, we only
excluded those who had significant health risks or contraindications for
rehabilitation, for instance if a person suffered from a severe cardiovascular,
pulmonary or progressive disease and was getting out of breath already when
rising from a chair. However, the benefits of the strict inclusion criteria were
low drop-out rates.

6.4 Implications and future directions

There is lack of scientific evidence on effective strategies to reduce physical
disability. More research is needed on how to prevent physical disability and
support the rehabilitation process among community-dwelling older people
who have suffered a hip fracture. Additionally, it would be worthwhile to
study how older people can be encouraged to be physically active even in the
presence of fear of falling, impaired balance and increased physical disability.
To maximize the effect of interventions aiming to reduce physical disability,
factors that moderate or mediate the role of beliefs, emotions, and coping
strategies need to be considered (Delbaere et al. 2010a, Liu & Latham 2010). In
particular, physical and functional exercises by themselves may not be
successful without management of fall-related fear (Delbaere et al. 2010b,
Hadjistavropoulos, Delbaere & Fitzgerald 2011). Therefore fear of falling
deserves more attention in future rehabilitation programs. Also, the importance
of environmental contextual factors should be emphasized during post-fracture
rehabilitation (Keysor & Jette 2001).

Fall prevention is an important procedure after every hip fracture since
falls are the most common reason for hip fractures (Parkkari et al. 1999,
Jarvinen et al. 2008). Furthermore, there is increased incidence for a second hip
fracture after the first one (Lonnroos et al. 2006, Lloyd et al. 2009). The present
guidelines recommend a multi-component fall risk assessment for older people
who have experienced a fall-related hip fracture (Pajala 2012, Cadore et al. 2013).
In particular, it has been recommended that measures of both physiological and
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perceived fall risk should be included in fall-risk assessments (Liu-Ambrose et
al. 2006, Delbaere et al. 2010a). This should assist in the identification of all
modifiable risk factors as well as with the implementation of targeted
interventions for fall and fracture prevention (Tinetti & Kumar 2010).

In future research, issues such as training specificity, adequate dosage and
duration of the intervention should be taken into account. Additionally, there is
a need for RCTs with long enough (18 to 24 months) follow-up and
rehabilitation protocols that begin immediately after surgery, in order to detect
potentially greater training effects in ADL and IADL. Assessment of the long-
term effects of rehabilitation programs as well as maintenance of the positive
outcomes is possible only with an adequate follow-up period. We also
hypothesize that a more task-oriented rehabilitation approach to daily activities
might accrue more definite benefits when the aim is to improve independence
in daily activities. The present hypothesis-building results need to be confirmed
in a study with sufficient power. In future research, it is essential that
responsive outcome measures are used, while a larger sample size would be
beneficial to facilitate the statistical analysis and determine whether exercise is
actually effective in reducing physical disability.

Since hip fracture patients comprise a heterogeneous group, more research
is required to examine what kind of rehabilitation would be effective in
different subgroups, e.g. those in good physical condition, frail and diseased,
cognitively impaired or mentally ill. It would also be worthwhile to consider
how these different subgroups could be identified in hospital wards before
discharge home. In conclusion, well-designed high-quality research is needed
to better understand the determinants of physical disability as well as to study
the effects of specific rehabilitation approaches aiming to reduce disability after
a hip fracture.

The results of the present study can be utilized when rehabilitation
interventions and guidelines for good practice in older people who have
sustained a hip fracture are designed and carried out. Additionally, these
results are useful when future research initiatives are considered and executed.



7 MAIN FINDINGS AND CONCLUSION

The main findings and conclusions can be summarized as follows:

1. Decreased balance confidence and impaired functional balance are
independent and important determinants of physical disability among
older people who have sustained a previous hip fracture. Moreover, the
Activities-specific Balance Confidence scale may complement a
functional balance assessment and could be used as a screening tool for
impaired functional balance in clinical practice when the instant
assessment of functional balance is not possible with a performance-
based test.

2. The progressive resistance training program reduced self-reported
difficulties, especially in the activities of daily living, up to several years
after a hip fracture. The most essential improvements occurred in two
activities which require muscle strength and power: transferring in and
out of bed and coping with heavy housework. The results indicate that
resistance training is feasible and beneficial for older people who have
suffered a hip fracture.

3. The individually tailored multi-component home-based rehabilitation
program did not have a wide-ranging effect on physical disability.
However, it tended to reduce difficulty in two instrumental activities of
daily living (preparing meals and handling medication) among older
people recovering from a recent hip fracture. Managing these two
instrumental tasks independently reduces the need for home care
services yielding financial and instrumental savings for society. The per-
protocol analysis suggests that multi-component home-based
rehabilitation may reduce perceived disability more broadly. Potentially,
a more task-oriented rehabilitation approach to daily activities might
show more definite benefits for disability outcomes.
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YHTEENVETO (FINNISH SUMMARY)

Kotona asuvien iikkdiden henkil6iden fyysinen toimintakyky lonkkamur-
tuman jilkeen

Lonkkamurtumat ovat yleisid tapaturmia ikéddntyneilld. Suomessa lonkkamur-
tumia sattuu vuosittain noin 7000, joista suurin osa yli 50-vuotialle. Tyypillisesti
lonkkamurtuma tapahtuu kaatumisen seurauksena, joten kaatumisten riskiteki-
joitd voidaan pitdd myos lonkkamurtumien riskitekijoind. Luonnollisesti myos
luun lujuuteen vaikuttavat tekijdt ovat yhteydessd lonkkamurtuman syntymi-
seen. Vaikka viimeisimpien arvioiden mukaan lonkkamurtumien ilmaantuvuus
on kddntynyt laskuun, lonkkamurtumien kokonaisméédran odotetaan nousevan
ikddntyneen véeston mddran lisddntyessd. Lonkkamurtumien seurauksia arvi-
oidaan usein rahallisesti. Esimerkiksi yhden lonkkamurtuman hoitokustannuk-
set ensimmaéisen vuoden aikana ovat 20 000 €. Usein kuitenkin murtuman vai-
kutukset myos yksilon toimintakykyyn ovat hyvin laaja-alaisia ja pitkékestoisia.
Tutkimusten mukaan lonkkamurtuman kokeneista alle puolet kuntoutuu
murtumaa edeltdneelle tasolle ja jopa kolmasosa joutuu pysyvaésti laitoshoitoon.
Talloin myos lonkkamurtumasta aiheutuvat kustannukset sekd yksilon kokema
inhimillinen haitta lisddntyvit merkittdvasti. Lonkkamurtuman jilkeistd kun-
toutumista heikentdd monesti tapaturman aiheuttama voimakas kaatumisen
pelko sekd pitkittynyt kipu. Lisdksi heikentynyt tasapaino ja alentunut lihas-
voima hidastavat toipumista. Edelld mainittujen tekijoiden yhteisvaikutus joh-
taa monesti fyysisen aktiivisuuden vdhenemiseen, miké puolestaan edesauttaa
liikkkumiskyvyn heikkenemistd sekd pitkédaikaisten toiminnanvajausten synty-
mistd. Taméd noidankehd johtaa pahimmillaan siihen, ettei lonkkamurtumasta
toipumassa oleva yksilo lopulta pysty selviytymé&an itsendisesti edes péivittéi-
sistd perustoiminnoista. Oikein ajoitetulla ja toteutetulla kuntoutuksella on ole-
tettavasti merkittdva rooli toimintakyvyn elpymisen ja yllapysymisen kannalta.
Aikaisempien kokeellisten tutkimusten perusteella tiedetddn, ettd progres-
siivisella voimaharjoitellulla on mahdollista kehittdd lihasvoimaa, lihasmassaa
ja jopa dynaamista tasapainoa. Lisdksi tutkijat ovat selvittdneet, ettd tasapainoa
harjoittamalla on mahdollista parantaa pystyasennon hallintaa, ylldpitda fyysis-
td toimintakykyd ja vdhentdd kaatumisriskid. Ei kuitenkaan ole varmuutta,
ovatko parantunut lihasvoima ja tasapaino suoraan yhteydessd myos kuntoutu-
jan itse arvioimaan toimintakykyyn. Tdlld tarkoitetaan yksilon omaa kasitystd
siitd, kuinka hyvin han pystyy suoriutumaan pdivittdisistda toiminnoista. Tarvit-
taisiin enemmadn tutkittua tietoa, minké tyyppiselld kuntoutuksella on mahdol-
lista vaikuttaa lonkkamurtumasta toipumassa olevan yksilon fyysiseen toimin-
takykyyn. Talla hetkelld vahvinta ndyttod on geriatrisen laitoskuntoutuksen
hyodyistd. Huomattavasti vahemmaén on kuitenkin tutkittu avokuntoutusmal-
leja, erityisesti kotona tapahtuvaa kuntoutusta. Harvojen kotikuntoutuksen
vaikutuksia selvittineiden kokeellisten tutkimusten tulokset ovat olleet keske-
ndan ristiriitaisia. Kuitenkin juuri kotikuntoutus voisi olla optimaalinen vaihto-
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ehto sairaalasta kotiutumisen jdlkeen kun fyysinen kunto on vield heikko ja ko-
toa poistuminen siksi haasteellista.

Taméan vaitoskirjatutkimuksen tavoitteena oli tutkia progressiivisen kol-
men kuukauden mittaisen voimaharjoittelun sekd yksilollisen vuoden kesté-
neen kotikuntoutuksen vaikutuksia itse arvioituun fyysiseen toimintakykyyn
lonkkamurtuman jélkeen. Viitoskirjatutkimuksessa selvitettiin myos toiminta-
kyvyn, tasapainon ja tasapainon varmuuden vilisid yhteyksia.

Tutkimuksen aineisto keréttiin Jyvaskyldn yliopiston Terveystieteiden lai-
toksella toimivassa Gerontologian tutkimuskeskuksessa yhteistyossd Keski-
Suomen sairaanhoitopiirin, Jyvaskyldn kaupungin ja yhdeksdn naapurikunnan
kanssa vuosina 2004-2005 ja 2008-2012. Tutkimukseen osallistui 159 60-
vuotiasta tai vanhempaa kotona asuvaa idkéstd henkilod, joilla oli ollut lonk-
kamurtuma 6 viikkoa-7,5 vuotta aiemmin. Tutkimukseen sisdltyi kaksi satun-
naistettua kontrolloitua koetta. Tutkittavista 43 osallistui kolmen kuukauden
mittaiseen progressiiviseen ja yksilolliseen fysioterapeutin ohjaamaan voima-
harjoitteluun seniorikuntosalilla (Asymmetria). Lisdksi 81 tutkittavaa osallistui
vuoden kestdneeseen kotikuntoutukseen (ProMo), johon kuului 5-6 fysiotera-
peutin kotikdyntid sekd 3-5 seurantapuhelua. Kotikuntoutukseen siséltyi muun
muassa progressiivisia voima-, liikkkuvuus- ja tasapainoharjoituksia, liikunta-
neuvontaa sekd kotiympdriston turvallisuuden ja apuvélineiden arviointi. Li-
sdksi kotikdynneilld keskusteltiin kaatumisen pelosta sekd kivun hallintakei-
noista. Fyysistd toimintakykya arvioitiin kyselylomakkeella, jossa tiedusteltiin
péivittédisissd perustoiminnoissa (ADL) ja instrumentaalisissa toiminnoissa
(IADL) koettuja vaikeuksia 14-15 kysymykselld. Tasapainon varmuutta arvioi-
tiin ABC-testilld ja toiminnallista tasapainoa Bergin tasapainotestilld. Asymmet-
ria-tutkimuksessa mittaukset tehtiin kaksi kertaa: ennen voimaharjoittelujaksoa
sekd sen jdlkeen. ProMo-tutkimuksessa mittaukset toistettiin neljd kertaa: alku-
mittauksissa ennen kuntoutusjakson alkua sekd 3, 6 ja 12 kk kuluttua alkumit-
tauksista.

Téssd tutkimuksessa todettiin, ettd progressiivinen voimaharjoittelu pa-
ransi fyysistd toimintakykyéd, kun harjoittelu toteutettiin keskimaarin kolme ja
puoli vuotta lonkkamurtuman jdlkeen. Erityisesti pdivittdisistd perustoimin-
noista selviytyminen helpottui. Myds vuoteeseen siirtyminen ja vuoteesta ylos-
nousu sekd raskaiden taloustdiden tekeminen helpottuivat. Yksilolliselld koti-
kuntoutuksella, joka alkoi mahdollisimman pian kotiutumisen jdlkeen, ei sen
sijaan ollut laaja-alaisia vaikutuksia toimintakykyyn. Kuitenkin sek& ruuanlaitto
ettd ladkkeiden annostelu ja ottaminen helpottuivat, joskaan muutos ei ollut
tilastollisesti merkitsevd. Molemmat edelld mainitut toiminnot ovat tarkeita it-
sendisen kotona asumisen kannalta. Tutkimuksessa saatiin liséksi viitteitd koti-
kuntoutuksen laaja-alaisemmista vaikutuksista toimintakykyyn, kun ana-
lyyseistd jdtettiin pois henkil6t, jotka eivat olleet harjoitelleet ohjeiden mukai-
sesti tai jotka ladkari oli maarannyt tauolle terveydentilaan liittyvien syiden
vuoksi. Tutkimuksessa havaittiin liséksi, ettd tasapaino ja tasapainon varmuus
olivat voimakkaasti yhteydessd toimintakykyyn. Kun tasapainon varmuutta
mittaavan ABC-testin tulos laski kymmenelld pisteelld, riski toimintakyvyn
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heikkenemiseen oli teoreettisesti 10 % suurempi ja 20 % suurempi toiminnallis-
ta tasapainoa mittaavan Bergin tasapainotestin tuloksen laskiessa vastaavasti.

Téssd tutkimuksessa fyysistd toimintakykyé arvioitiin kyselylomakkeella,
joka ei ole yhtd herkkd muutokselle kuin laboratoriossa toteutettavat liikkumis-
kykyd ja fyysistd suoristuskykyd mittaavat testit. Alustavien tulosten mukaan
yksilollinen kotikuntoutus on ollut tehokasta litkkumiskyvyn ja fyysisen suori-
tuskyvyn elpymisen kannalta. On my6s mahdollista, ettd enemmaén tehtava-
orientoituneita harjoitteita sisdltdva kuntoutus olisi nyt testattua kotikuntoutus-
ta tehokkaampaa haluttaessa parantaa ikddntyneiden henkildiden fyysistd toi-
mintakykya lonkkamurtuman jalkeen. Jatkossa tulisi kiinnittdd enemméan huo-
miota lonkkamurtumapotilaiden erilaisuuteen ja huomioida erityyppisten ala-
ryhmien tarvitseman kuntoutuksen erityispiirteet. Mys harjoittelun oikea ajoi-
tus, annostelu ja kesto on syyté harkita tarkoin. Metodologisesti laadukkaille ja
riittdvan pitkélld seuranta-ajalla toteutetuille kokeellisille kuntoutustutkimuk-
sille on edelleen tarvetta.

Yhteenvetona voidaan todeta, ettd kolmen kuukauden voimaharjoittelu
auttoi selviytymddn paremmin pdivittdisistd toiminnoista lonkkamurtuman
jalkeen. Tutkimuksessa todettiin my®os, ettd yksilollisesti suunniteltu moniosai-
nen kotikuntoutus saattaa parantaa lonkkamurtumasta toipuvien ikdantynei-
den henkildiden toimintakykya. Lisdksi havaittiin, ettd tasapaino ja tasapainon
varmuus olivat kumpikin itsendisesti ja voimakkaasti yhteydessa pdivittdisistd
toiminnoista selviytymiseen, joten kaatumisen pelon hoitamiseen on jatkossa
syytd kiinnittdd enemmén huomiota kuntoutettaessa lonkkamurtumapotilaita.
Nyt saatuja tuloksia voidaan hyddyntdd suunniteltaessa ja toteutettaessa lonk-
kamurtumasta toipumassa olevien ikddntyneiden henkiltiden kuntoutusta seka
péivitettdessd lonkkamurtumia koskevia Kdypd Hoito -suosituksia. Tuloksista
ja tutkimuksen aikana tehdyistd havainnoista on hyttyd myos jatkotutkimus-
hankkeita harkittaessa.
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APPENDIX: Online search criteria
MEDLINE

1. exp Femur/

2. Fractures, Bone/ or exp Fracture Fixation/ or Fracture Healing/

3.and/1-2

4. ((hip* or pertrochant* or intertrochant* or trochanteric or subtrochanteric or
extracapsular® or ((femur* or femoral*) adj3 (neck or proximal))) adj4 fracture*).tw.
5. exp Human Activities/

6. exp “Outcome and Process Assessment (Health Care)”/

7. Health Facilities/ or Ambulatory Care Facilities/ or Community Health Centres/ or
Outpatient Clinics, Hospital/ or Rehabilitation Centres

8. Community Health Services/ or Counselling/ or Home Care Services/ or Health
Services For The Aged/ or Social Work/ or Exp Nursing Care/ or Home Care
Services/ or Home Nursing/

9. exp Comprehensive Health Care/ or Continuity of Patient Care/ or Patient Care
Team/

10. (functional status or functional outcome* or ambulation)

11. exp Health Status/ or Recovery of Function/

12. ((geriatric or inter?disciplinary or multi?disciplinary or early or post?operative or
post?surgical or home* or intensive or accelerated or intervention or functional) adj2
(intervention or care or rehabilitation or program* or approach or group or recovery))
13. Rehabilitation/ or Early Ambulation/ or Exp Exercise Therapy/ or Occupational
Therapy/ or Rehabilitation, Vocational/

14. Health Education/ or Patient Education as Topic/

15. Patient Care/ or Aftercare/ or Ambulatory Care/ or Day Care/ or Postoperative
Care/

16. Postoperative Period/

17. Outpatients/

18. Self Efficacy/

19. psychosocial

20. or/5-19

21. exp Aged/

22. older people

23. 0r/21-22

24. Randomized Controlled Trial

25. Controlled Clinical Trial

26. randomized

27. placebo

28. Clinical Trials as Topic/

29. randomly

30. trial

31. or/24-30

32. Humans/

33. and/31-32

42. (3 or 4) and 20 and 23 and 33
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Background: This cross-sectional study investigated the associations between balance confidence,
functional balance, and physical disability among older people after hip fracture.
Material and methods: The study utilizes baseline data of two randomized controlled trials
(ISRCTN34271567 and ISRCTN53680197). The participants were 159 community-dwelling over 60-
year-old people. Health, fracture status, the date and type of surgery, and contraindications for
participation were assessed in a clinical examination. Balance confidence was assessed by the Activities-
specific Balance Confidence Scale (ABC) and functional balance by the Berg Balance Scale. Physical
disability was assessed by a questionnaire containing 14 questions on perceived difficulty in basic (ADL)
and instrumental activities of daily living (IADL). Two sum scores were composed: ADL score (range 0-6)
and IADL score (range 0-8). Isometric knee extension force was measured using a dynamometer. Pain
and use of walking aids were assessed by a questionnaire. The negative binomial regression analysis was
used to analyze the associations.
Results: A higher ABC score was associated with a lower risk for ADL (IRR 0.99; 95% CI 0.98-0.99) and
IADL disability (0.99; 0.98-0.99) in the fully adjusted models. Also a higher BBS score was associated
with a lower risk for ADL (0.98; 0.96-0.99) and IADL disability (0.98; 0.97-0.99) in the fully adjusted
models.
Conclusion: Decreased balance confidence and impaired functional balance are associated with physical
disability in older people after hip fracture.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

falls and fractures [2]. The incidence of hip fractures increases with
age and the total number of fractures is expected to rise due to

Hip fracture is a common and severe trauma in older people,
leading to balance impairments, decreased muscle strength, and
loss of independence in daily activities [1,2]. It is also known that
only half of the hip fracture patients regains their pre-fracture level
of functional ability [2] and 15% will be institutionalized
permanently [3]. Long-lasting mobility limitation after hip fracture
may lead to prolonged physical disability as well as new injurious
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aging of the population [4].

Although only 5% of all falls cause a fracture, approximately 95%
of all hip fractures are caused by a fall [5,6]. The risk factors for falls
interact with each other and large individual variation exists. The
risk of falling increases rapidly with the number of risk factors.
Impaired functional balance is considered the most common risk
factor for further falls and fractures after a previous hip fracture [7].
Balance control has also a fundamental role in various activities of
daily living, especially in those that require independent standing
or walking. Furthermore, those who have had a fall with a
traumatic consequence often experience fear of falling even years
after the incident [7]. Additionally, fear of falling has been strongly
associated with future falls [8,9].

One method of operationalizing fear of falling is to assess
self-reported balance confidence using the Activities-specific
Balance Confidence Scale (ABC) described by Powell and Myers
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[10]. Decreased balance confidence has been associated with poor
functional balance, increased disability, and reduced quality of life
in community-dwelling older people [8,11,12]. Individuals with
low balance confidence and balance impairments are also likely to
reduce their physical and social activity, which in turn predicts the
onset of disability [13]. Based on our clinical experience, self
efficacy and balance confidence are low in hip fracture patients
who have suffered a traumatic fall accident, which might
drastically slow down or disable the rehabilitation process. At
the moment the scientific evidence regarding the association
between balance confidence and rehabilitation outcome after hip
fracture is insufficient.

To the best of our knowledge there are no other studies that
have simultaneously examined associations of low balance
confidence and balance impairments in relation to physical
disability, in older people who have suffered a hip fracture.
However, these associations should be studied to better under-
stand the factors potentially affecting the recovery and rehabilita-
tion processes after hip fracture. The purpose of this study was to
investigate the associations between decreased balance confi-
dence, impaired functional balance, and physical disability among
older people who have sustained a previous hip fracture.

2. Material and methods
2.1. Participants

This cross-sectional study pooled the baseline data of two
randomized controlled trials (ISRCTN34271567 and
ISRCTN53680197). In both studies the participants were recruited
from the Central Finland health care district with identical
inclusion and exclusion criteria [14,15]. Patient records at the
Central Finland central hospital were reviewed (in the fall of the
years 2004-2005 and throughout the years 2008-2010) to recruit
over 60-years-old, ambulatory and community-dwelling people
who were living in the city of Jyvaskyld or the neighboring
municipalities, and had been operated for femoral neck or
trochanteric fracture (ICD code S72.0 or S72.1). All potential
participants (n =748) were informed of the study by a written
information letter. Those willing to participate (n=293) were
interviewed over the telephone or met during the inpatient period
at the health care center to ensure their suitability for the study.
The exclusion criteria were: inability to move outdoors without
assistance of another person, amputation of a lower limb, severe
progressive or neurological diseases, alcoholism and severe
memory problems (Mini Mental State Examination, MMSE < 18
[16]). The pooled analysis includes information collected from 159
participants (113 women, 46 men) who had sustained a hip
fracture on average 1.7 years earlier. Measurements were per-
formed in the same research center using the same equipment and
protocols. The Ethical Committee of the Central Finland health care
district approved both studies. Before the laboratory assessments
all participants gave their written informed consent.

2.2. Methods

2.2.1. Review of the medical data and health status

During a medical examination performed by a nurse and
physician, the presence of chronic conditions, the use of
prescription medication, fracture status, and the date and type
of surgery were confirmed according to a pre-structured question-
naire, current prescriptions, and medical records obtained from the
local hospital and health care centers. Contraindications for
participation in muscle strength and balance assessments were
evaluated by the physician [17].

2.2.2. Balance confidence

A modified Finnish version of the Activities-specific Balance
Confidence Scale (ABC [10,18]) was used to assess confidence in
performing specific activities without becoming unsteady. Balance
confidence can be regarded as a measure of fear of falling [10]. The
modified ABC scale consists of 16 items. Subjects are requested to
describe, how confident they are in carrying out different tasks,
indoors and outdoors. Answers for each question were rated from 1
(no confidence) to 10 points (total confidence). The total score
ranges from 16 to 160 and higher scores indicate better balance
confidence.

2.2.3. Functional balance

Functional balance was assessed by the Berg Balance Scale (BBS
[19]) which evaluates the ability to perform 14 different tasks such
as standing up, sitting down, reaching and turning around oneself,
looking over the shoulders and standing on one foot. The ability to
perform each task is rated from O (incapable) to 4 (safe and
independent). The total score ranges between 0 and 56 and higher
scores indicate better functional balance.

2.2.4. Physical disability

Physical disability was assessed by a validated questionnaire
[20] estimating perceived difficulties in basic (ADL) and instru-
mental activities of daily living (IADL). The questionnaire included
six questions on ADL (eating, transferring from/to bed, dressing,
bathing, cutting toe nails, and toileting [20,21]) and eight questions
on IADL (preparing food, doing laundry, coping with light house
work, coping with heavy house work, handling medication, using
the telephone, using public transportation, and handling finances
[20,22]). There were five response categories: (1) I manage without
difficulties; (2) with some difficulties; (3) with lots of difficulties;
(4) I can not manage without assistance of another person and (5) I
can not manage even when assisted. The original categorical
variables were dichotomized: (a) without difficulty (category 1)
and (b) difficulty (categories 2-5). Subsequently, two sum scores
were composed: ADL score (ranging from O to 6) and IADL score
(ranging from O to 8). Higher scores indicate more difficulty.

2.2.5. Confounders

Isometric muscle force (N) for knee extension was measured on
the fractured side by an adjustable dynamometer chair (Metitur
Ltd. [23]). During the measurement the ankle was attached to a
strain-gauge system with the knee angle fixed at 60° from full
extension. Participants were encouraged to extend the leg as hard
as possible. After two to three practice trials, measurements were
performed at least three times until no further improvement
occurred. Each contraction was maintained for two to three
seconds. The inter-trial rest period was 30 s. The performance of
the highest maximal force was used for analysis.

Pain on the fractured side was assessed by two questions:
“Have you experienced pain in the lower back, hip, knee, ankle or
foot on your left/right side? Has the pain compromised your
mobility?” The response alternatives were: (1) no; (2) yes, but it is
not offending; (3) yes, and it is offending. A new variable
“offending pain of the fractured side” was composed based on
the answers. The use of walking aids outdoors was assessed by the
question: “Do you use walking aids when going outdoors?”
Response alternatives were yes/no.

2.2.6. Statistical analysis

The means, standard deviations, frequencies, and percentage
values were calculated for the background variables. The associa-
tions between balance confidence and physical disability as well as
between functional balance and physical disability were assessed
by negative binomial regression which is a generalization of the
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Poisson regression that accounts for the over dispersion detected in
Poisson models. The negative binomial regression model takes into
account that disability tends to be a cumulative phenomenon and
that having difficulty in one activity makes it more likely to have
difficulty in two or more activities. Thus, the observations of the
increasing number of difficulties are non-independent of each other.
With this approach, it is possible to enter the Poisson-distributed
count variable for the number of difficulties in the models. The risk
values are expressed as incidence rate ratios (IRR) obtained by
exponentiation of the regression coefficients (exp[8]), and their 95%
confidence intervals (CI). The expression 100 x (IRR — 1) indicates
the percentage change in ADL and IADL scores relative to ABC or BBS
score. The crude model was adjusted for age and gender and the
second model additionally for time since fracture, offending pain on
the fractured side, number of chronic diseases, maximal force of the
fractured leg, and the use of walking aids outdoors. Finally, both ABC
and BBS scores were included simultaneously in the negative
binomial regression model.

The Kolmogorov-Smirnov test was used to test the normality of
distributions. Only the ABC score was normally distributed. Thus,
the Spearman correlation was used to analyze the association
between the ABC and BBS. The Spearman p was raised to the
second power to express the coefficient of determination (R?) for
ABC relative to BBS. Regression modeling was performed using
STATA 12 statistical software. All other analyses were performed
using PASW Statistics 18.

3. Results

The average age of the participants was 77.4 (SD = 7.2) years
and the mean time elapsed since the fracture was 1.7 (2.1) years.

Table 1
Characteristics of older people with a previous hip fracture.
n=159
Age (year) 774472
Gender: female, n (%) 116 (73)
Time since fracture (year) 1.7+£21
Number of chronic diseases 3+2
Operation type, n (%)
Internal fixation 74 (47)
Arthroplasty 85 (53)
Offending pain/fractured side, n (%) 93 (59)
Maximal force/fractured limb (N) 208.3+96.3
Use of walking aids outdoors, n (%) 110 (69)
BBS (total score) 441493
ABC (total score) 91.5+32.3
Median of the ADL sum score (range) 1(0-6)
Median of the IADL sum score (range) 3 (0-8)

All means are expressed: +SD; BBS: Berg Balance Scale; ABC: Activities-specific
Balance Confidence Scale; ADL: activities of daily living; IADL: instrumental activities
of daily living.

Seventy-three percent was female, 47% had an internal fixation and
53% an arthroplasty operation. The mean ABC score was 91.5 (32.3)
points, i.e. 58% of the maximum score. Furthermore, the mean BBS
score was 44.1 (9.3) points, i.e. 79% of the maximum. The median
values of ADL and IADL score were one and three, respectively. The
participant characteristics are presented in Table 1.

Table 2 shows the IRRs and 95% Cls for ADL and IADL disability
relative to balance confidence and functional balance. A higher ABC
score was associated with a lower risk for ADL disability (fully
adjusted IRR 0.99; 95% CI 0.98-0.99). This indicates that e.g. a 10-
point increase in ABC score decreased the risk for ADL disability
with 10%. The association between balance confidence and IADL
disability was similar (0.99; 0.98-0.99). Furthermore, a higher BBS
score was associated with a lower risk for ADL (0.98; 0.96-0.99)
and IADL disability (0.98; 0.97-0.99) in the fully adjusted models.
This indicates that e.g. a 10-point increase in BBS score decreased
the risk for ADL and IADL disability with 20%.

The ABC and BBS scores correlated highly but not fully
(Spearman p=0.69) and the ABC score explained 48% of the
variation in BBS score (R? = 0.476). However, placing the ABC and
BBS scores together in the same regression model with ADL or IADL
did not materially change their individual IRRs (Table 2). This
implies that the ABC and BBS represent partly different phenomena
and they cannot be considered as surrogate measurements.
However, in the fully adjusted models the associations between
the BBS score and ADL as well as IADL disability were attenuated.

4. Discussion

This cross-sectional study investigated the associations be-
tween balance confidence, functional balance, and physical
disability in community-dwelling older men and women who
had sustained a previous hip fracture. We found an independent
association between decreased balance confidence and ADL/IADL
disability as well as between impaired functional balance and ADL/
IADL disability. To the best of our knowledge, this is the first study
which has simultaneously examined the associations of balance
confidence and functional balance with disability in this group of
older people with high risk of losing independence.

Balance confidence and functional balance both have an
essential role in coping with daily activities. Moreover, among
older hip fracture patients, reduced balance confidence and
impaired functional balance may complicate and delay the
rehabilitation process. In the present study examining older
people with a history of traumatic fall accident, we showed that
decreased balance confidence was significantly associated with
ADL disability. The association between decreased balance
confidence and IADL disability was similar. Our results are in line
with previous studies pointing out that fear of falling is associated
with increased physical disability in community-dwelling older
people [8,11,13]. The majority of hip fractures are a consequence of

-Il;:lglseaid 95% CI's for physical disability (ADL and IADL) in negative binomial regression model with ABC and BBS scores.
ADL IADL
Model 1° p Model 2° p Model 1° p Model 2° p
ABC 0.99 (0.98-0.99) <0.001 0.99 (0.98-0.99) <0.001 0.99 (0.98-0.99) <0.001 0.99 (0.98-0.99) <0.001
BBS 0.96 (0.95-0.98) <0.001 0.98 (0.96-0.99) <0.001 0.96 (0.95-0.97) <0.001 0.98 (0.97-0.99) <0.001
ABC 0.99 (0.98-0.99) <0.001 0.99 (0.98-0.99) 0.009 0.99 (0.98-0.99) <0.001 0.99 (0.98-0.99) <0.001
BBS 0.98 (0.96-0.99) 0.015 0.98 (0.97-1.00) 0.055 0.99 (0.97-0.99) 0.009 0.99 (0.97-1.00) 0.118

ABC: Activities-specific Balance Confidence Scale; BBS: Berg Balance Scale.
2 Adjusted for age and gender.

b Adjusted for age, gender, time since fracture, offending pain on the fractured side, number of chronic diseases, maximal force of the fractured leg, and the use of walking

aids outdoors.
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falls [5,6] and falls with traumatic consequences often generate
long-lasting fear of falling [8]. On the other hand, fear of falling
leads to activity restriction and exercise avoidance, which in turn
results in more severe functional limitations and disability. Few
randomized controlled trials that have concentrated on methods of
reducing fear of falling among hip fracture patients have yielded
inconsistent results [24-26]. Thus, there is need for further
research in order to develop better rehabilitation practices.

Additionally, our results indicate that also impaired functional
balance was significantly associated with both ADL and IADL
disability, and adjusting for several known confounders marginally
changed the associations. Our findings are consistent with prior
studies showing that functional balance is strongly associated with
independence in daily activities after hip fracture [27,28]. Thus, our
study together with prior studies indicate that hip fracture patients
comprise a special group of older people who have impaired
functional balance and a greater risk for increased physical
disability.

As far as we know, this is the first study to show a strong
association between decreased balance confidence and physical
disability together with impaired functional balance and physical
disability in this important clinical group of older people. In our
study, balance confidence was strongly associated with functional
balance explaining half of the variation in functional balance.
However, including both of them simultaneously in the regression
model did not materially change the individual IRR’s. This suggests
that the Activities-specific Balance Confidence Scale and Berg
Balance Scale cannot be considered equivalent for each other. Thus,
when new rehabilitation practices are developed for hip fracture
patients, it should be taken into account that balance training by
itself may not be successful without balance confidence manage-
ment.

The strengths of the present study include firstly that we
recruited a unique clinical group of community-dwelling older
people who had sustained a hip fracture. The patient records of the
Central Finland central hospital were used for this purpose.
Secondly, we included a comprehensive battery of laboratory
based physical and functional assessments as well as medical
review for health and fracture status. By these assessments we
were able to design a valid statistical model, with relevant and
necessary confounders, to estimate the association between
physical disability, balance, and balance confidence.

Some study limitations should be noted. The results of this
study cannot be generalized to all hip fracture patients because the
participants in the present study were all relatively healthy. They
were all community-dwelling, and those who were unable to walk
independently outdoors or had severe diseases or cognitive
problems were excluded. Thus, our results probably underestimate
the association between functional balance, balance confidence,
and physical disability among older hip fracture patients. If we had
been able to study also more frail patients, the association would
have been even stronger. Additionally, because of the cross-
sectional study design, the causality between balance confidence,
functional balance, and physical disability remains unclear.
Therefore, it is possible that disability caused a sedentary lifestyle
and was followed by low balance confidence and impaired
functional balance. Either way, there is need for effective physical
rehabilitation.

In conclusion, decreased balance confidence and impaired
functional balance are important determinants of physical
disability in older people who have sustained a hip fracture.
Additionally, the ABC scale complements the functional balance
assessment and may potentially be used as a screening tool for
impaired functional balance in clinical practice when instant
assessment of functional balance is not possible. Furthermore, it is
essential to examine what kind of interventions are effective in

enhancing functional balance and especially balance confidence
among older hip fracture patients. It is also important to study
what kind of rehabilitation is effective to reduce physical disability
and how older people can be encouraged to be physically active
even in the presence of fear of falling, balance impairments, and
increased physical disability. In the future, long-enough follow-up
studies with adequate sample size are needed to assess the effects
of different kind of rehabilitation programs as well as the
determinants of physical disability after hip fracture.
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Abstract

Background: To cope at their homes, community-dwelling older people surviving a hip fracture need a sufficient
amount of functional ability and mobility. There is a lack of evidence on the best practices supporting recovery
after hip fracture. The purpose of this article is to describe the design, intervention and demographic baseline
results of a study investigating the effects of a rehabilitation program aiming to restore mobility and functional
capacity among community-dwelling participants after hip fracture.

Methods/Design: Population-based sample of over 60-year-old community-dwelling men and women operated
for hip fracture (n = 81, mean age 79 years, 78% were women) participated in this study and were randomly
allocated into control (Standard Care) and ProMo intervention groups on average 10 weeks post fracture and 6
weeks after discharged to home. Standard Care included written home exercise program with 5-7 exercises for
lower limbs. Of all participants, 12 got a referral to physiotherapy. After discharged to home, only 50% adhered to
Standard Care. None of the participants were followed-up for Standard Care or mobility recovery. ProMo-
intervention included Standard Care and a year-long program including evaluation/modification of environmental
hazards, guidance for safe walking, pain management, progressive home exercise program and physical activity
counseling. Measurements included a comprehensive battery of laboratory tests and self-report on mobility
limitation, disability, physical functional capacity and health as well as assessments for the key prerequisites for
mobility, disability and functional capacity. All assessments were performed blinded at the research laboratory. No
significant differences were observed between intervention and control groups in any of the demographic
variables.

Discussion: Ten weeks post hip fracture only half of the participants were compliant to Standard Care. No follow-
up for Standard Care or mobility recovery occurred. There is a need for rehabilitation and follow-up for mobility
recovery after hip fracture. However, the effectiveness of the ProMo program can only be assessed at the end of
the study.

Trial registration: Current Controlled Trials ISRCTN53680197
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Background

Fall-related injuries leading to hospitalization and activity
restriction result in adverse health outcomes, mobility
limitation and disability which may last years or become
permanent [1-3]. For older people, hip fractures are
among the most severe consequences of falls [4,5]. Hip
fractures cause considerable health care costs during the
first post fracture year [6-8]. The cost burden will double
or even triple with the subsequent fall and fracture parti-
cularly if a home-dwelling person is admitted to perma-
nent institutional care because of the fracture [8,9].

Community-dwelling older persons who survive a frac-
ture need special attention. To cope at their homes safely
sufficient mobility and functional ability is needed. Only
40% of hip fracture survivors recover to their pre-fracture
ambulatory level and only 20% recover to the pre-fracture
level in advanced mobility tasks [3,10]. Safe mobility and
participation are challenged by persistent pain [11,12], fear
of falling and balance impairments [13,14], lower limb
muscle weakness [11], reduced bone mass and impaired
bone geometry [15]. Consequently, older community-
dwelling people recovering from a hip fracture are at an
increased risk for a new fracture, persistent mobility lim-
itation and disability as well as loss of independence in the
near future.

Currently there is insufficient evidence on the best prac-
tices supporting recovery after hip fracture [16]. The cur-
rent research knowledge is mostly based on efficacy driven
research in which the effects of highly specified short-term
interventions without follow-up have been investigated
among a homogenous group of hip fracture participants.
These studies have been performed under optimal condi-
tions with specifically designed and arranged training pro-
tocols and facilities. Previous efficacy studies have shown
that rehabilitation programs including intensive and
supervised training sessions with resistance and balance
training improve mobility [17-20], physical functioning
[18-21] and level of physical activity [22] among older
community living persons who have suffered a hip frac-
ture. However, the effects on mobility disability remain
unclear.

A rehabilitation program that produces significant
effects in an efficacy study may not have same effects
under real-world conditions [23]. Moreover, persons who
are likely to benefit the most from a program including
physical activity are usually excluded from these studies.
Travelling to organized and supervised sessions on a
weekly basis in a gym with the necessary set-up may be
too demanding for many fracture patients [19,24]. There-
fore, rehabilitation programs aiming to restore mobility
after hip fracture need to be implemented and studied in
the real-world conditions or close to that. Moreover, parti-
cipants should not be excluded unless there is an empirical
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or ethical reason to do so (e.g. possibility for negative side
effect of training or main outcomes are impossible to mea-
sure) [25]. Home-based individually tailored rehabilitation
programs including weight-bearing exercises [26,27], exer-
cises with progressive resistance [28] and a systematic fol-
low-up and support [22] may form the most promising
approach to increase the effectiveness of the rehabilitation
to prevent mobility disability after hip fracture.

The Promoting Mobility after Hip Fracture (ProMo)
study investigates the effects of a year-long individually
tailored and home-based rehabilitation program com-
pared to the Standard Care on mobility recovery, physical
functional capacity and disability among over 60-year-old
community-dwelling men and women who suffered a
proximal femoral fracture. The purpose of this article is
to describe the recruitment process, design and interven-
tion as well as to present demographic baseline results of
this randomized controlled trial.

Methods/Design

Context

All Finnish residents have health insurance. In Finland,
municipalities are responsible for organizing specialized
and primary health care for all people. For example, in
Central Finland specialized care is provided by the Cen-
tral Finland Central Hospital for 23 municipalities with
a total population of 273 700. Each municipality orga-
nizes primary health care including inpatient rehabilita-
tion, ward care and outpatient clinic for their residents
at the local health care centers. After a proximal femoral
fracture, patients living in Central Finland are operated
at the Central Finland Central Hospital and transferred
to the local health care centre of their municipality for
inpatient care and rehabilitation typically within the first
post-operative days. The inpatient rehabilitation period
ranges from one week to few months depending on the
health status and care needs.

Design

This study is a randomized controlled trial (RCT,
ISRCTN53680197). Random allocation to the interven-
tion (ProMo) and control (Standard Care) groups were
performed after baseline measurements by the statisti-
cian, who was blinded to the study participants and their
characteristics. The study group assignments were
enclosed in sealed envelopes. Men and women and those
operated with internal fixation or arthroplasty were ran-
domized by blocks.

All participants were measured at the laboratory four
times; at baseline, three, six and 12 months. After that
all participants were followed-up for an additional year
to collect data on form of dwelling, mobility limitation,
physical functional capacity, mood and quality of life
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with a structured questionnaire. Study design is
described in detail in Figure 1.

Pretrial power calculations were based on previously
published longitudinal data on mobility recovery after hip
fracture. In the study by Visser et al, 45.3% of the commu-
nity-dwelling participants were independent in more
demanding mobility tasks (chair rising, walking one block
and negotiating stairs) before the fracture [10]. Twelve
months after hip fracture less than half of them (20.7% of
the total sample) had regained their pre-fracture level of
mobility. The purpose of our study was to restore the pre-
fracture level of mobility by the ProMo rehabilitation pro-
gram. To detect the expected difference (based on percen-
tages 45.3 and 20.7 from the study by Visser et al)
between the study groups in mobility recovery at a. = 0.05
and B = 0.20, a minimum of 44 subjects was needed in
each study group. Sample size was calculated using an
online sample size calculator available from (DSS research-
er’s toolkit, http://www.dssresearch.com/KnowledgeCen-
ter/toolkitcalculators/samplesizecalculators.aspx)

Participants and recruitment

Staff of the physiotherapy department of the Central
Finland Central Hospital reviewed the medical records
of all consecutive, over 60-year-old, ambulatory and
community-dwelling men and women operated for
femoral neck or pertrochanteric fracture (ICD code
S$72.0 or S72.1, http://www.cdc.gov/nchs/icd.htm)
between 1.3.2008 and 31.12.2010 and living in the city
of Jyviskyld or in nine neighboring municipalities. All
patients fulfilling the inclusion criteria got an informa-
tion letter on the study (n = 296). Of them, 161 patients
expressed their initial interest in the study and were
further visited by the ProMo representative during the
inpatient period at the health care centre. Finally, 136
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persons were recruited to the study. Patients living in an
institution or confined to bed at the time of the fracture,
suffering from severe memory problems (Mini Mental
State Examination, MMSE < 18), alcoholism, severe car-
diovascular, pulmonary or progressive (i.e neoplasm,
ALS) disease, para-or tetraplegic or severe depression
(Beck Depression Inventory BDI-II > 29) were excluded
from the study. In total, 18 men and 63 women partici-
pated in the study. The flow chart of the study is shown
in Figure 2.

Ethical issues

This project was approved by the Ethics Committee of
the Central Finland Health Care District on December
18, 2007 (11/2007). Written information on the study
was given to all participants. Participants signed an
informed consent prior to participation. Proxy consent
was not permitted. Those who were interested in the
study had an opportunity to discuss with the researcher
before signing the informed consent and giving a per-
mission to review their medical records.

Measurements

Measurements and analysis will be performed blinded to
the study group. Baseline measurements were organized
as soon as possible after discharged to home; on average
70 (SD28) days after the hip fracture, 65 (21) days after
the hip fracture operation and 42 (23, range 4-153) days
after discharge to home. Measurements included a com-
prehensive battery of laboratory tests and self-report on
mobility limitation, disability, physical functional capa-
city and health, as well as assessments for the key prere-
quisites of mobility, disability and functional capacity.
All assessments were performed at the research
laboratory.

= z )
5SS sE 53 _ Measurements, wks
23 29 z 0 Baseline Post—
T g % € o E ts: int ti Follow-up,
TS5 P4 e assessments; intervention uestionnaires
a g T & g S Randomization assessments q
s £ 5 [
£ 23 =5
_16' = & -6 0 12 26 52 72 96
L 1 1 | 1 | 1 1
I I ] 1 I 1
Fracture 1-4 13 16 27 32 40
Home visits Home visit 5 Horne visit ko] ke}
-evaluation of enviranment -physical activity g -physical activity g g
-evaluation of fall risk counseling 5 counseling 3 3
-guidance for safe walking -pain assessment 2 -pain assessment 2 2
-information on assistive devices  -home exercise prog. § -home exercise prog. g E
-pain assessment and discussion
-home exercise prog.
Intervention, wks
Figure 1 Study design.
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Over 60-yr-old HF patients
living in the catchment area , 296

Interested in and further
informed of the study, 161

Unable to consent due
to poor cognition, 7
Not interested, 18

Excluded, 35
-Alcoholism, 3
-Poor health, 24

Recruited, 136

-Deceased, 1

-Discharged to an

institution, 4
-Wrong diagnose, 3

Not interested, 20

Randomized, 81

——

Intervention, 40

Control, 41

Figure 2 Participant recruitment flowchart.

Review of medical data and health status

Each participant was interviewed within 24 hours of the
hip fracture with structured questions on the characteris-
tics of the accident [29]. At baseline, during a medical
examination performed by a nurse practitioner and a
physician, the presence of chronic conditions, use of pre-
scription medication, fracture status and date, type and
date of surgery and lowest post-operation hemoglobin
level during hospitalization were confirmed according to
a pre-structured questionnaire, current prescriptions and
medical records obtained from the local hospital and
health care centers. To ascertain safe participation in the
measurements and intervention, the physician evaluated
contraindications according to ACSM guidelines [30]
and acute conditions such as infections (e.g. acute
respiratory or urinary tract infection) by blood count,
C-reactive protein (hCRP) and hemoglobin (Hb) analysis.
Cognitive status was assessed by Mini Mental State
Examination (MMSE) [31], and depressive mood by Beck
Depression Inventory (BDI-II) [32] at baseline. Self-rated
health was determined by the question "How would you

describe your health?” using a 4-point scale (very good,
good, poor and very poor). Offending musculoskeletal
pain in the low back, hip, knee, ankle and foot was
assessed by a questionnaire. The question for the muscu-
loskeletal pain was “Have you suffered from pain in the
low back, hip, knee, ankle and foot region daily during
the preceding month? Has the pain compromised your
mobility?” Three alternative response options were: 1) no
2) yes, but the pain does not limit mobility 3) yes, the
pain limits mobility.

Demographics, physical characteristics and living habits
Demographics included age, sex, living conditions, income
and education. Body height and weight were measured
using standard procedures and body mass index was cal-
culated (body weight, kg/body height, m?*100). Body com-
position was assessed with Bioimpedance devise with eight
polar electrodes (BC-418, TANITA, Tokyo, Japan). Maxi-
mal hand grip strength was measured from the dominant
hand with a dynamometer (Metitur Ltd, Palokka, Finland)
and bone density and geometry with a peripheral com-
puted tomography [15]. Current level of physical activity
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was assessed by a standardized question with slight modi-
fications [33]. The question included seven alternative
responses: 1) mainly resting 2) most activities performed
sitting down 3) light physical activity twice a week at the
most 4) moderate physical activity about 3 h a week 5)
moderate physical activity at least 4 h a week or heavy
physical activity < 4 h a week 6) physical exercise or heavy
leisure time activity several times a week and 7) competi-
tive sports several times a week. No one reported partici-
pation in competitive sports. Responses were categorized
as sedentary (1 to 3) and active (4 to 6). Smoking status
was assessed with a questionnaire (never, former, current
smoker).

Main outcomes

The short term primary outcome (at 3 and 6 mo) is Short
Physical Performance Battery (SPPB) including 2.44 m
habitual walking speed, five chair rises timed and standing
balance tests [34]. One year primary outcome will be
mobility limitation assessed by interviewing the subjects
for the ability to getting in and out of bed, rising from a
chair, walking across a room, walking one block, and
climbing stairs [10]. In addition, self-reports of perceived
difficulty in walking outdoors, walking 500 m, walking
2 km and climbing one flight of stairs will be assessed by a
questionnaire. Secondary outcomes include physical dis-
ability (validated questionnaire) [35], health related quality
of life (RAND-36), walking speed over 10 meters [36], iso-
metric knee extension strength for both legs [36] (Metitur
Ltd, Palokka, Finland), leg extension power with the
Power Rig for both legs [11], functional balance (Berg
Balance Scale) [37] and fear of falling (Activities-specific
Balance Confidence scale) [38]. Information concerning
use of formal and informal care and form of dwelling will
be collected by a questionnaire.

Quality assurance

Our research centre has a long tradition and established
methods on mobility and functional capacity assessments
among older populations. A standard operation proce-
dure was written before launching the study and then fol-
lowed up carefully throughout the study. A system with
periodical meetings and checks was set up for monitoring
the quality of data collection. The personnel performing
the measurements were carefully educated by a senior
researcher. The same staff engaged in the data collection
throughout the study except for the nurse practitioner
who was replaced twice during the study. During the
laboratory visits, all questionnaires were reviewed by the
study coordinator. In case of missing information partici-
pants were asked to complete the questionnaire. If the
participant was unable to come to the laboratory mea-
surements at some point, self-reports were collected and
Short Physical Performance Battery was performed at
participants home.
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Control condition; Standard care

At baseline, information on standard care after the hip frac-
ture was collected by interviewing all participants with
structured questions on advice and recommendations con-
cerning rehabilitation they had received at discharge from
hospital and/or health care centre. Seventy percent of all
participants obtained a written home exercise program
with no difference between the intervention and the control
groups (68% vs. 71%, p = 0.813). From those who received a
home exercise program, 70% exercised every day, 21% on
weekly basis and 9% few times a month or not at all. Typi-
cally the program included five to seven exercises including
ankle flexion and extension, knee flexion and extension,
and hip abduction and extension in supine, sitting and/or
standing positions with no additional resistance. None of
the participants were followed up for the home exercises
and the program was not updated. Of all participants 12
received a referral to physiotherapy (5 in the intervention
and 7 in the control group) while the rest did not get any
further instructions regarding rehabilitation.

ProMo -Intervention

Intervention includes standard care and ProMo-program
which aims to restore mobility after hip fracture. The inter-
vention starts after baseline measurements (Figure 1).
ProMo is an individually tailored year-long physical activity
and rehabilitation intervention taking place at participants’
homes. It includes five to seven home visits by an experi-
enced physiotherapist; the first three visits will be per-
formed within one month followed by a visit three and six
months after baseline measurements. If necessary, an addi-
tional visit two months after baseline will be performed.
The scientific basis for the ProMo arises from a previous
systematic review on fall and fracture prevention [39] and
interventions that successfully prevented functional decline
[26,40] among community-dwelling high risk groups of
older people. ProMo comprises two partly overlapping
phases. Phase I prepares the basis for the physical rehabili-
tation and physical activity. The content of Phase I is as fol-
lows: 1) Evaluation and modification of environmental
hazards known to increase falls risk [41] 2) Guidance for
safe walking including readjustment of walking aids and
information on shoes and anti-slip shoe devices for icy con-
ditions. In addition, written information on assistive devices
and a brochure on hip protectors will be provided. All
above mentioned information and brochures have been
published before and are available for laypersons as well as
for health care professionals 3) Pain assessment and discus-
sions on pain relief strategies that the participants have per-
ceived effective. Regular pain assessment and information
on pain management are independently associated with
better pain relief in hospitalized patients [42]. Pain assess-
ments will be repeated three and six months after baseline
measurements.
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Phase II includes a progressive home exercise program
and physical activity counseling. The exercise program
comprises strengthening exercises for the lower limbs,
balance training in standing position, walking exercises
and stretching. The program will be delivered during
the second home visit and it will be updated to a more
challenging one during each following home visit.
Accordingly, during the ProMo -intervention five writ-
ten, progressive and individually tailored home exercise
programs of approximately 30 minutes duration and
designed by the PhysioTools software (PhysioTools,
Tampere, Finland) will be delivered. Strengthening and
stretching exercises will be performed three times a
week and balance and walking exercises on two to three
other days in the week. During the intervention, the
resistance for the strengthening exercises will be indivi-
dually increased with resistance bands with three differ-
ent strengths.

An individual motivational face-to-face physical activity
counseling session [43,44] will be scheduled approximately
three months after the baseline measurements. The aver-
age duration of this session is 30 minutes. The topics cov-
ered during the counseling session include the level of
physical activity and participation in physical exercise
before the fracture, the persons’ interest in returning to
previous activities, beginning physical activity or exercise,
the willingness to be active in everyday chores, to exercise
on one’s own or to participate in supervised exercise
classes. The problem-solving method will be used to
address perceived obstacles to physical activity and to
access exercise facilities offered by the municipality. Pre-
existing written information on the supervised physical
activity classes and exercise facilities offered by the muni-
cipality will be given. Based on this information, the parti-
cipant and the physiotherapist together design a personal
physical activity plan, which will be signed during the ses-
sion. After the first face-to-face counseling session, the
physiotherapist will support compliance to the program
and the behavior change through three phone contacts
and one face-to-face session with 1-2 months interval. All
participants in the intervention group will keep a physical
activity diary on home exercises and physical activities.

Data analysis

Means, standard deviations and frequencies for the
demographic variables were calculated. Normality of the
distributions was tested with Shapiro-Wilkinson test. The
significance of differences between the intervention and
control group was tested by cross-tabulation and chi-
square tests in the case of discrete variables, by Student’s
t-test for independent samples for normally distributed
data and by Mann-Whitney U-test for non-normally dis-
tributed continuous data. Association between variables
was analyzed using Pearson correlation coefficient.
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Determinants for mobility limitation and physical disabil-
ity will be assessed by linear and logistic regression analy-
sis and the theoretical pathway to mobility limitation and
physical disability by structural equation modeling. The
effects of ProMo will be assessed by intention-to-treat
principal using repeated measures ANOVA, covariance
analysis and linear mixed models for continuous variables
and by general estimation equation for categorical
variables.

Characteristics of the participants

Table 1 summarizes the demographics, physical character-
istics, health, living habits, fracture status and the type of
operation in the total sample and in the intervention and
control groups. No significant differences were observed
in any variable between the study groups.

The mean age of the participants was 79 (SD + 7) years
and 78% of the participants were women. More than half
of the subjects were living alone. Poor self-rated health
was reported by 41% of the total sample. The average
number of chronic diseases was 3 + 2. The mean MMSE
value was 26 + 3 and that of the BDI-II 9 + 6. Offending
pain in lower back, hip or knee region on the fractured
side was reported by 46% of the participants. The corre-
sponding value for the non-fractured side was 37%. Nine
percent of the participants were current smokers and 92%
were rated sedentary.

The majority of the participants (n = 71/81) fell from
standing height. Six were able to break the fall e.g. with an
outstretched arm. More than half (n = 43) fell indoors and
from those 34 participants fell at home. Fifty two partici-
pants suffered a femoral neck and 29 a pertrochanteric
fracture. Fracture was operated with internal fixation in 38
and with arthroplasty in 43 participant.

Discussion

The baseline results of our randomized controlled trial
emphasize that there is an urgent need to develop long-
term rehabilitation strategies for mobility recovery and
prevention of mobility disability after hip fracture. Accord-
ing to the patients’ own report, only half of them received
a home exercise program and followed up the instructions
given by the health care personnel on a daily basis. Home
exercise programs were not updated and programs did not
include any external resistance, walking or balance exer-
cises. Less than 15% of the participants were referred to
physiotherapy, while the rest did not get any further
instructions or follow-up for recovery of mobility and
functional capacity.

Previous studies have shown poor mobility recovery
after hip fracture and some of the studies suggest that this
phenomenon may turn out to be permanent [1,10,45].
Poor lower limb muscle strength, postural balance and hip
pain are associated with poor mobility recovery after hip
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Table 1 Demographics, health and hip fracture status among over 60-year-old men and women after a recent hip

fracture (Mean * SD, frequency)

All ProMo Control p*
(n =76-81) (n = 38-40) (n = 38-41)

Age, yr 79+7 80+ 8 79+6 0.251
Body height, cm 160.6 + 89 1609 + 89 160.3 + 9.1 0.785
Body weight, kg 658 £ 11.5 658 £ 119 659 + 113 0.968
BMI 255+ 38 253 £ 36 256 + 39 0.710
Poor self-rated health, % 41 43 39 0.823
Number of chronic diseases, n 3+2 3+2 3+2 0.581
MMSE 26+ 3 26+ 3 26+3 0.686
BDI-II 9+6 9+6 8+6 0.335#
hCRP at baseline 7.7 £99 84 +11.1 7.1 +86 0.855#
Hb at baseline, g/l 1287 + 129 1274 +12.7 130.01 + 13.1 0351
Lowest Hb after operation, g/I 980 + 132 975 £ 11.1 985 + 150 0.7954#
Smoking, % 0382
- Never 79 85 73

- Former 12 10 15

- Current 9 5 12

Living alone, % 59 60 59 1.000
Level of education Elementary school or less, % 49 54 44 0.502
Income, €/month 1363 + 828 1321 + 637 1408 + 998 0.965#
Physical activity, % Sedentary 92 95 90 0675
Fracture status

Fall related fracture, % 88 90 85 0737
Site of fracture, % 0.645
- Femoral neck 64 68 61

- Pertrochanteric 36 32 39

Type of operation, n 0.719
- Internal fixation 38 19 19

- Hemiarthroplasty 33 15 18

- Total arthroplasty 10 6 4

*Independent t-test for normally distributed continuous variables, Chi-square for discrete variables

#Mann-Whitney U for non-normally distributed continuous variables

fracture [10,45]. Muscle strength deficit on the fractured
side is associated with greater pain on the fractured com-
pared to the non-fractured side [11] and large muscle
strength deficit is associated with mobility limitation and
balance impairment [46]. Some recovery is expected to
occur during the first six months after hip fracture. How-
ever, our earlier study showed that community-dwelling
older men and women who had suffered a hip fracture on
average four years earlier were significantly weaker, had a
significant side-to-side difference in lower limb muscle
strength [11,15] and had significantly impaired postural
balance and balance confidence [14] compared to the age
and sex matched controls with no major lower limb inju-
ries. The presence of multiple impairments, pain and poor
balance confidence (fear of falling) strongly suggest
increased and cumulative risk for loss of mobility in the
near future if targeted rehabilitation with follow-up for
mobility recovery is not available.

The standard care, in this study, did not include the
follow-up for mobility recovery. It included home exer-
cise programs with five to seven exercises mostly for the
fractured limb. Programs were not updated to a more
challenging one and no additional resistance was used.
None of the participants were followed-up for the home
exercise program. Variation in the rehabilitation activ-
ities and lack of guidelines for mobility limitation and
disability prevention after hip fracture has been recog-
nized worldwide [47,48]. It has been suggested that bet-
ter functional outcomes could be achieved with more
intensive rehabilitation and promotion of physical activ-
ity after hip fracture [47,48].

The aim of the ProMo -intervention is to restore mobi-
lity after hip fracture and it was firmly grounded to exist-
ing research literature. As we wanted to include all hip
fracture patients who could potentially benefit from the
rehabilitation, also the weakest and the oldest ones, the
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program was designed to take place at the participants’
home. The ProMo is a 1-year progressive physical exercise
and physical activity counseling program reinforced by
advise, support and encouragement for safe walking as
well as discussions on fall prevention and pain manage-
ment strategies. Pain assessment and fear of falling man-
agement was regarded as an essential part of the program
as older people who had had a hip fracture suffer from
residual pain [12,49] and fear of falling [14]. Both pain
[12,50,51] and fear of falling [52-54] have been indepen-
dently associated with mobility limitation, activity restric-
tion, low physical functioning and falls among older
populations. To our knowledge and based on a recently
updated Cochrane review [16] there is no previously pub-
lished effectiveness RCT among community-dwelling hip
fracture participants including a home-based intervention
specifically targeting on mobility recovery and which has
mobility limitation and disability as the main outcome.
Encouraging evidence on effects of interventions with
similar components on the level of physical activity [22],
functional capacity [26] and health related quality of life
[55] have, however, been reported.

The recruitment process of this study included eligibility
screening in multiple phases and there was close collabora-
tion with clinicians at the local hospital and health care
centers. In total, 296 patients who fulfilled the inclusion
criteria were identified and informed about the study at the
hospital. From those approximately half (n = 161) were
interested in and further informed about the study. From
those who expressed initial interest 84% (n = 136) signed
informed consent and were enrolled in the study. This was
regarded as a sufficient number of participants, allowing a
35% attrition rate, ending with 44 in each study group.
Because our participants were recruited at the clinic (health
care centre) prior to discharge to home, we set our safety
margin in the attrition rate higher than 20% which was
recommended by Ferrucci et al in their consensus report
[56]. We expected some changes in health status, living
conditions and willingness to participate to occur already
before the baseline measurements. Accordingly, 26% were
further excluded due to poor health, alcoholism and living
conditions and 15% declined participation mostly due to
poor self-rated health and tiredness (Figure 1). Finally, 81
men and women were assessed at baseline and randomly
assigned into ProMo -intervention and control groups.
Despite of careful planning of the study and target of the
recruitment period from 24 to 33 months, we did not com-
pletely reach the estimated number needed for this study.
However, as the intervention is home-based and individu-
ally targeted and the main outcomes can be assessed at the
participants’ home, we trust that the additional drop-out
will be small. The demographics of our study participants
is comparable to earlier studies involving community-
dwelling older people recovering from hip fracture; the
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majority of them are women and the mean age is close to
80 [57].

In conclusion, this report summarized the rationale,
procedures and intervention of a 1-year RCT with 1-year
follow-up on the effectiveness of home-based rehabilita-
tion program aiming to restore mobility after hip fracture
among community-dwelling over 60-year-old men and
women. The special feature of the current study is that
we reinforce the home exercise program by advice, sup-
port and encouragement for safe walking and discussions
on fall prevention and pain management strategies. In
addition, promotion of using existing exercise and reha-
bilitation services available for older people in their own
community was performed by physical activity counsel-
ing. These facilities will be available for the participants
also after finishing the project. This intervention study
will provide knowledge of the rehabilitation for mobility
recovery among community-living older people after hip
fracture. However, the effectiveness of the program can
only be assessed after the end of the study.
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