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"If I have the belief that I can do it, 
I shall surely acquire the capacity to do it 
even if I may not have it at the beginning." 
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ABSTRACT 

Falls can lead to serious consequences that can affect everyday life. While 
the risk of falling is larger for older people than for the general 
population, older people with stroke have a doubled risk of falling 
compared to a matching age population without stroke. Injuries and 
fractures can result from a fall, but with or without these possible 
consequences, the fall can in itself lead to fear of falling and thereby result 
in restriction/avoidance of activities. It is therefore of great importance to 
identify the potential faller before the fall occurs.  
The purpose of this thesis was to identify fall risk stroke victims (over 55 
years of age) by validating a fall risk index, and to evaluate the impact of 
an intervention program on fall risk factors in post-stroke individuals 
with high risk of falls. 
 
A previously developed fall risk index was validated, modified, and re-
validated, resulting in a sensitivity of 97% and a specificity of 26%. 
However, this outcome was not considered sufficiently accurate; the score 
was significantly associated with fall risk, but the suggested labeling of 
individuals as low-, intermediate-, and high-risk groups could not be 
confirmed. Therefore, a modified index was created in the Validation 
sample and re-validated with the Model fit sample. This modified index 
was reduced to three (from the original seven) items and included 
postural stability, visuospatial hemi-inattention, and male sex. This 
modified fall risk index displayed better accuracy in both the Validation 
and Model fit samples. 
The intervention program contained High-Intensity Functional Exercises 
(HIFE) as well as implementation of these exercises in real life situations 
and group discussions on fall security. The participants were enrolled and 
randomized three to six months after their stroke. The time point 
permitted the first spontaneous recovery to occur, allowed the 
participants to have enough time to experience their own everyday 
situations at home, and provided time to reflect on the everyday situation 
and its possible problems. Individuals with stroke diagnoses were pre-
screened for participation during their inpatient rehabilitation time. The 
assessments at 3-6 months after stroke onset (at the time of study 
inclusion) were performed at the Clinical Research Center at Norrlands 
University Hospital. The assessments prior to study inclusion included 
measures relevant to the various fall risk factors previously identified.  
The measurements in this intervention included; balance, activities of 
daily life (ADL), falls–efficacy, lifestyle activities, health-related quality of 
life (HRQoL), presence of depressive symptoms, functional lower-limb 
strength, and gait. Medical history and other relevant background data 
were obtained from medical records and from the participants directly. 
This study was a single blinded, randomized controlled trial 
(www.clinicaltrials.gov NCT00377689). The Intervention Group (IG) 
received a program of 30 exercise sessions and five theoretical group 
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discussions and the Control Group (CG) received a total of five theoretical 
group discussions. The CG’s discussions differed from the IG’s 
discussions, in that they were more focused on addressing various hidden 
dysfunctions that often occur after a stroke and how to master the 
situation. 
Twenty-six falls were documented during the follow-up after the 
intervention, but there were no significant differences in fall frequency 
between the IG and CG. 
The intervention program demonstrated an improvement in the IG in 
ADL at the six month follow-up (p<0.05 by generalized estimating 
equations with repeated measure statistics). Falls-efficacy also improved 
in the IG compared to the CG at the three month follow-up (p<0.05) and 
also at the six-month follow-up (p<0.03). The intervention program did 
not generate a statistically significant impact on Balance or Lifestyle 
activities.  
Statistically significant (p<0.05) improvements were observed in the IG 
vs. the CG post intervention compared with baseline in double support 
time for the non-paretic leg (DSTnp), variability (measured as coefficient 
of variation, COV) in step time for the paretic leg (STCOVp) and the non-
paretic leg (STCVnp), and in variability in cycle time for the paretic 
(CTCOVp) and non-paretic leg (CTCOVnp); at 3-months follow-up 
compared with baseline improvements were observed in DSTnp, 
STCOVp, CTCOVp and CTCOVnp, and DSTCOVp compared to baseline. 
At 3-months follow-up, the decrease in the STCOVnp and the variability 
in step length of the non-paretic leg (SLCOVnp) were more pronounced 
in the CG than in the IG. 
For HRQoL, the SF-36 mental component scale (SF-36 MCS) and the SF-
36 subscale of mental health (MH) at the 3 month follow-up registered an 
improvement in the CG compared with the IG (p<0.02). There were no 
significant differences between the two groups regarding the presence of 
depressive symptoms.  
 
In conclusion, the intervention program was related to improvement in 
ADL at 6 months, falls-efficacy at 3-6 months follow-up, and reduced 
variability in gait at post-intervention and 3-months follow-up. However, 
the intervention program did not affect balance and lifestyle activities. 
Based on the findings of HRQoL aspects, we suggest that the intervention 
programs’ theoretical discussion in the future also contain the 
dysfunction topics discussed in the control group, in order to positively 
impact the psychological segment of the rehabilitation process. By 
reducing fall risk factors, the fall risk for some stroke victims could 
potentially be decreased, and thereby stimulating a more independent 
and active lifestyle. 
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SVENSK SAMMANFATTNING  

Ett fall kan leda till allvarliga konsekvenser som kan påverka vår vardag. 
För äldre personer är risken att falla större än för övriga i befolkningen. 
För en äldre population är risken för att råka ut för ett fall dubbelt så stor 
efter stroke, jämfört med personer i samma ålder som inte haft stroke. 
Konsekvenser efter ett fall kan vara skador som blåmärken, skrapsår etc. 
eller mer allvarliga i form av t.ex. traumatiska hjärnskador eller frakturer. 
En annan konsekvens kan vara att fallet för med sig en rädsla för att falla 
igen. Denna rädsla kan ofta leda till att man begränsar och undviker 
aktiviteter.  
Det är viktigt att kunna känna igen de som är i riskzonen för att falla 
innan själva fallet inträffar. Syftet med den här avhandlingen var att 
identifiera individer med en fallrisk efter stroke genom att validera ett 
fallriskindex och att hos dessa individer med risk för att falla, över 55 år, 
även utvärdera effekterna av ett träningsprogram. 
Ett index för att lättare kunna identifiera fallare har tidigare utvecklats. 
Detta har i denna avhandling testats, modifierats och återtestats. Det 
modifierade indexet minskade till tre (från de ursprungliga sju) variabler 
och dessa var: postural stabilitet + halvsidigt synfältsbortfall + manligt 
kön. Det modifierade indexet visade sig vara mer precist i både den nya 
gruppen av individer samt i ursprungsgruppen. 
Funktionella övningar utförda i hög intensitet samt överföring av dessa 
övningar till vardagliga rörelser och aktiviteter. Detta, tillsammans med 
gruppdiskussioner om fall och säkerhet utgjorde interventions-
programmet som har utvärderats i den här avhandlingen. I den här 
studien (www.clinicaltrials.gov, NCT00377689) rekryterades deltagarna 
tre till sex månader efter sin stroke. Den här tidpunkten valdes för att 
tillåta den första spontana återhämtningen att ske och för att deltagarna 
skulle ha haft tillräckligt med tid för att uppleva sin egen vardagssituation 
i hemmet samt att reflektera över eventuella problem som de upplever i 
vardagen. Samtliga rekryterade personer testades första gången 3-6 
månader efter sitt insjuknande i stroke på Kliniskt Forsknings Centrum 
vid Norrlands Universitetssjukhus. De bedömningar som gjordes i denna 
studie var för; balans, aktiviteter i dagliga livet (ADL), förtroende till egen 
förmåga att inte falla, livsstilsaktiviteter, hälsorelaterad livskvalitet, 
förekomst av depressiva symptom, samt gångförmåga.  
Olika gångvariabler mättes med hjälp av en elektronisk gångmatta. De 
gångvariabler som mättes var; hastighet, antal steg/minut, stegtid, 
gångcykeltid, tid för samtidigt stöd av båda benen, steglängd samt 
stegbredd. Sjukdomshistoria samt annan nödvändig information 
hämtades från medicinska journaler och från deltagarna själva.  
 
Träningsgruppen (IG) deltog i ett program som innehöll 30 
träningstillfällen samt 5 teoretiska gruppdiskussioner, sammanlagt 35 
träffar. Kontrollgruppen (KG) deltog i sammanlagt 5 teoretiska 
gruppdiskussioner. KG’s diskussioner skilde sig från IG’s diskussioner då 
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KG’s diskussioner var mer inriktade på att bemöta olika dolda 
funktionshinder som ofta uppstår efter stroke och hur man kan hantera 
dessa på ett bra vis. 
Interventionsprogrammet visade på en förbättring för IG i ADL vid sex 
månaders uppföljning efter träningsprogrammet. Förtroendet till sin 
egen förmåga att inte falla visade också en förbättring för IG jämfört med 
KG vid tremånaders uppföljning efter träningsprogrammet och även vid 
sexmånadersuppföljningen. Interventionsprogrammet hade inte en 
tillräckligt hög godkänd effekt på balans eller på i vilken utsträckning 
deltagarna deltog i olika aktiviteter. 
Vid mätningarna av de olika måtten vid vanlig gång så hade IG minskat 
sin tid av stöd av båda benen i den mest stabila fasen av gångcykeln när 
det svaga benet ledde rörelsen, variationen i stegtid och i gångcykeltid 
oberoende av om det var det svaga eller det starka benet som ledde 
rörelsen, direkt efter träningsprogrammet. Vid 3-månadersuppföljningen 
så hade IG minskat tiden i gångcykeln då stöd tas av båda benen i den 
mest stabila fasen av gångcykeln när det svaga benet ledde rörelsen. Även 
variationen i gångcykeltid minskade för både det starka och det svaga 
benet samt variationen för tid i gångcykeln för samtidigt stöd av båda 
benen när det svaga benet ledde rörelsen. Variationen i stegtid och 
variationen i steglängd för det svaga benet visade sig minska mer för KG 
än för IG. Alla ovanstående resultat var i jämförelse mot de första 
mätningarna som gjordes.   
För hälsorelaterad livskvalitet visade de mentala skalorna SF-36 Mental 
Component Scale (SF-36 MCS) och den underliggande skalan för Mental 
Hälsa (MH), vid 3 månaders uppföljning, på en förbättring för KG 
jämfört med IG. Det fanns inga statistiska skillnader mellan de två 
grupperna vad gällde förekomsten av depressiva symtom. Totalt 26 fall 
dokumenterades under uppföljningen efter träningsprogrammet, men det 
fanns inga skillnader mellan IG och KG.  
Sammanfattningsvis bidrog interventionsprogrammet till förbättringar i 
utförandet av dagliga aktiviteter efter 6 månaders uppföljning och i 
individens förtroende till sin egen förmåga att utföra olika aktiviteter 
utan att falla vid 3 och 6 månaders uppföljning men interventions-
programmet påverkade inte balansen eller livsstilsaktiviteter. Baserat på 
resultaten om hälsorelaterad livskvalitet så föreslås de teoretiska 
diskussionerna i framtiden också innehålla de ämnen som rör dolda 
funktionshinder och som i denna studie diskuterades i kontrollgruppen, 
för att ha en positiv inverkan på den psykologiska delen av 
rehabiliteringsprocessen. Genom att interventionsprogrammet bidrog till 
att minska fallriskfaktorer, så borde även fallrisken för en del personer 
med stroke minska och därmed stimulera till en mer självständig och 
aktiv livsstil. 
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ABBREVIATIONS 

ADL  Activities of Daily Living 
BBS Berg Balance Scale 
BI Barthel Index 
BP Bodily Pain 
DI Downton Index 
FAI Frenchay Activities Index 
FES-I Falls Efficacy Scale International 
FIM Functional Independence Measure 
GDS-15 Geriatric Depression Scale 
GH General Health 
ICF International Classification of Functioning, disability and 
 health 
MH Mental Health 
MMSE Mini-Mental State Examination 
OCSP Oxfordshire Community Stroke Project classification 
PF Physical Function 
RE Role Emotional 
RP  Role Physical 
SF Social Functioning 
SF-36 Short Form Health Survey 36 questions 
TOAST Trial of Org 10172 in Acute Stroke Treatment classification 
 system 
VT Vitality 
SL Step Length 
SW Step Width 
ST Step Time 
CT Cycle Time 
DST Double Support Time 
COV Co-efficient Of Variation 
p paretic side 
np non-paretic side 
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DEFINITIONS 

Activity  The execution of a task or an action by an 
  individual [1] 
 
Falls  Incidents in which the individual, due to 
  unexpected loss of balance, came to rest on 
  the floor or an object below knee level [2] 
 
Function  Attributed to the body's ability to perform a 
  movement 
 
Functional activity Fundamental task-oriented activities used 
  in daily life 
 
Gait  The pattern of movement of the limbs 
  during locomotion 
 
High Intensive To do something at the limit of one’s own 
  ability 
 
Older people  Age ≥60 years  
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INTRODUCTION 

Falls are a common problem in the general population of older people 
and in the stroke population in particular. A fall can have different effects, 
ranging from just a small bruise to a hip fracture to a traumatic brain 
injury, or in the worst case, death. Investigations into the identification of 
risk factors for falls and fall risk indexes have been created and evaluated 
[3-13], but further action is required to prevent the expansion of this 
problem. 
The focus of the present thesis is to describe the various impacts of a high 
intensive exercise program on fall risk factors in older people following 
stroke.  
According to The Swedish Civil Contingencies Agency, every year at least 
1400 deaths are attributable to accidental falls, and more than 70 000 
individuals are treated in hospital each year. Nearly three times as many 
deaths result from accidental falls as from traffic accidents. Nine out of 
ten people who die from accidental falls are 65 years of age or older, as 
are nearly two-thirds of those treated in hospital after falling accidents 
[14]. An upward trend in these numbers, primarily for women, seems to 
be taking place. Additionally, an unknown number of deaths, perhaps a 
few thousand every year, may be due to the fact that many older people 
develop serious sequelae after a fall, as a result of traumatic brain injury, 
fractures, or other injuries. For example, if a lung embolism led to death 
more than a month after the accident, the fall is not registered as a cause 
of death [14]. 
 
The yearly direct costs to society of older peoples' accidental falls is 
estimated to amount to more than 4.7 billion SKR, equally divided 
between the county councils and municipalities [15]. 
The direct costs for counties and municipalities are predicted to increase 
from 4.7 to 7.9 billion SKR in the year 2035, this increase is due to a 
projected increase of 27% in number of people 65 years of age and older 
[15]. Indeed, a third of the world’s population in the developed countries 
will over 60 years of age by 2050, versus 19% in 2000 [16]. Ultimately, 
the number of people in Sweden over 65 who require care due to an 
accidental fall will increase from 42 000 to almost 70 000 per year over 
the next 30 years [14]. These figures illustrate the scale, and urgency, of 
this rapidly growing problem. 
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Falls as a consequence of a stroke 
The risk of falling after a stroke is high compared to a non-stroke 
population [7, 8, 17, 18] and some studies have reported that the risk is 
twice as high [7].  A systematic review of complications after stroke shows 
that the incidence of falls varies between 2% - 25% in the acute to sub-
acute stage [19]. Stroke contributes to the risk of fractures after a fall, 
increasing the risk up to 2-4 high among long-term stroke survivors [20]. 

Fall frequency in stroke rehabilitation has not been widely studied, but 
two studies have reported 580 falls per 100 person-years [21] and 650 
falls per 100 person-years [12]. Estimates that 14 % [18, 22] and 39% [21, 
23] of people with stroke have had one or more falls during their hospital 
stay exist.  Six months after discharge from hospital approximately three-
fourths of stroke patients have fallen [17].  
Stroke, a well known world-wide disease, is a generic term for infarction 
in the brain (about 85%), intracerebral hemorrhage (10%) and 
subarachnoid hemorrhage (~ 5%) [24]. It is the second largest cause of 
death around the world, in middle income countries it is the leading 
cause of death [25]. The number of stroke events in Europe are expected 
to increase  from 1.1 million per year in 2000 to more than 1.5 million per 
year in 2025 solely due to demographic changes [26]. 
According to the Swedish National Register of Stroke, Riks-Stroke, 
24 459 strokes (TIA excluded) were registered in their database in 2008 
and 73% of these are first time ever stroke [24]. Riks-Stroke has a known 
ratio of registering 83% of all strokes that occurs [24]. When including 
strokes that have been missed, either because the patient may not have 
noticed them or they have not been recorded in RIKS-Stroke the 
estimated figure would end up at approximately 30 000. The 
corresponding figures from the Swedish National Board of Health and 
Welfare is 30 570 stroke events [27]. The risk of a stroke increases with 
age, approximately 80% of those affected are over 65 years of age [24]. 
Given the expected increase in population for this particular demographic 
group, the proportion of people with stroke will also increase.  

With a stroke come several complications. Some complications occur 
directly, and some take time to identify. A 2008 study indicated that the 
most common complications in the acute stage were pain (23.9%), 
followed by temperature greater than or equal to 38 °C (23.7%), 
progressing stroke (18.4%), and urinary tract infection (16.0%). Non-
serious falls accounted for 7.4% of reported complications, and deep 
venous thrombosis and serious falls were each present in at most 2.5% of 
patients.  After three months, 82.4% of patients had experienced at least 
one complication, the most common of which were pain (53.3%), urinary 
tract infection (27.9%), and non-serious falls (25.0%) [28]. 

Fall risk factors after a stroke 
In order to take pre-emptive action against stroke-induced falls, it is 
important to identify the potential fallers before the fall occurs. Several 
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fall risk instruments of varying quality are available but there is no golden 
standard in stroke rehabilitation since different situations require 
different instruments. Every individual must be analyzed individually 
according to his/hers individual risk factors [29].  
Widely used fall risk instruments are the Downton fall risk instrument 
[30] and the STRATIFY fall risk instrument [31]. Some studies have 
indicated that an experienced clinical judgment is as good as, or better, 
than an instrument [32, 33]. Fall risk factors must be addressed in order 
to improve mobility and to reduce fall frequency. 
Known factors associated with increased risk of falls after stroke include: 
 

 reduced mobility and poorer balance among fallers and recurrent 
fallers [6, 8, 12] 

 gait deficits [34, 35] 

 postural sway [11] 

 unstable (near-falls) in hospital with poor upper limb function 
(unable to save themselves) [3] 

 lower functional independence [12] 

 lower arm, foot and leg motor scores [6, 12] 

 the rate of rise in force in sit-to-stand movement [4, 5] 

 increased motor response time to visual stimuli [9] 

 rightward-orienting bias among right hemisphere stroke patients 
[13] 

 attention deficits [34, 36] 

 cognitive deficits [12] 

 depressive symptomatology [6, 7, 13] 

 falls related self-efficacy [37] 
 

The interactions between risk factors, falls, and consequences of falls are 
many and they are summarized in Figure 1.  
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Figure 1. Interactions between fall risk factors, falls and consequences of falls.  

 
Rehabilitation  
The World Health Organization defines rehabilitation as follows: 
“Rehabilitation of people with disabilities is a process aimed at enabling 
them to reach and maintain their optimal physical, sensory, intellectual, 
psychological and social functional levels. Rehabilitation provides 
disabled people with the tools they need to attain independence and self-
determination [38].” Physical activity is associated with a decreased risk 
of morbidity and all-cause mortality; inactivity is a major risk factor. 
Three principles have been identified to achieve an effective rehabilitation 
after stroke: functional approach targeted at specific activities (walking, 
activities of daily living), frequent and intense practice, and rehabilitation 
commencement in the first days or weeks after stroke [39].  
Community rehabilitation therapy delivered within one year of hospital 
discharge has been shown to prevent functional deterioration and at least 
maintain ADL [40]. However, the optimal setting for community 
rehabilitation has yet to be  explored [40]. Medically stable patients with 
mild or moderate impairment can complete initial rehabilitation in their 
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home environment if a multidisciplinary team with stroke expertise is 
employed [40]. This conclusion is also supported by the Swedish National 
Board of Health and Welfare (2009), which states that medically stable 
patients with mild to moderate impairment may benefit from home-
based rehabilitation delivered by a multi-disciplinary rehabilitation team. 
The team should include physiotherapists and occupational therapists 
with access to doctors, nurses, speech therapists, and counselors who are 
specially trained in stroke, and are in close contact with the stroke unit 
that meets regularly to discuss the patients [41]. 

Physical therapy 
Physical therapy is an important part of rehabilitation after stroke. The 
Physical Therapists’ (PT) strategies are designed to retrain motor control 
in order to regain functional movement. The strategies can include 
changing a movement, increasing the capacity to move, or both [42]. In 
physical therapy, the critical task is to identify both normal and abnormal 
movement patterns. With this knowledge it is possible to create a 
program of specific tasks designed to achieve better motor control and 
functional movement. However, a movement emerges from the 
interaction between the individual, the task, and the environment in 
which the task is being carried out. Thus, the result of the movement is 
due to a three-way relationship among perception, cognition, and action 
systems [42]. Physical activity, particularly exercise, is a way to achieve 
better motor control and functional movement.  

Exercise in older people 
Regardless of whether a decline in functional capacity results from a 
normal aging process or from a disease, it is logically followed by frailty 
and dependence. Physical activity is one intervention that may reduce the 
number of years of dependent living [43]. There is little support that 
general leisure activities reduce the odds of dependent living for older 
adults [43], but routine exercise that improves cardio-respiratory fitness, 
including walking, does reduce the risk of becoming dependent in later 
life [44]. Progressive resistance training (PRT) results in improvements in 
muscle strength in older individuals [45]. Physical activity, particularly 
strength training [46], has been found to be effective in reducing the 
incidence of falls in older people [46, 47]. 
The American College of Sports and Medicine (2009) states that the effect 
of exercise on physical performance is poorly understood and does not 
seem to be linear [48]. Resistance training has been shown to favorably 
impact walking, chair standing, and balance, but more information is 
needed to understand the precise nature of the relationship between 
exercise and functional performance [48]. 
The American College of Sports Medicine (2009) recommends resistance 
exercise for older adults at a frequency of at least 2 days per week and an 
intensity of moderate- (5–6) to vigorous- (7–8) intensity on a scale of 0 to 
10. This strategy involves 8–10 exercises of 8–12 repetitions each 
involving the major muscle groups, including stair climbing and other 
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strengthening activities [48]. A 2007 review recommended moderately 
vigorous cardio-respiratory activities (brisk walking), strength and (or) 
power training for maintenance of muscle mass and specific muscle-
group performance, "balance-mobility practice," and flexibility 
(stretching) exercise for older adults to regain and maintain functional 
capacity and independence [44]. 

Exercise in older people with stroke 
The effects of exercise on death, dependence, and disability after stroke 
are unclear [49]. There is adequate evidence to support the incorporation 
of cardio-respiratory training, involving walking, within post-stroke 
rehabilitation in order to improve speed, tolerance, and independence 
during walking [49].  High-intensity PRT can improve muscle strength 
and muscle endurance after stroke [50].  
 
Task-specific repetitive exercises have a central role in rehabilitation for 
motor impairments, leading to improvements in transfer ability and 
balance [51]. There has been some debate whether increased strength also 
results in improved activity; some strengthening studies may show a 
carry-over effect on activity [52]. It is recommended that strength 
training, preferably with functional tasks and intensive training, should 
be part of every stroke rehabilitation program [51-53].  

The time aspect 
What is the optimal timing of rehabilitation after stroke? Is early or late 
training after stroke superior? There is no consensus on what “early” 
means in terms of hours/days. The European Stroke Organization reports 
studies that define “early” as therapy that begins within 30 days [54] and 
20 days [55] of stroke onset [40].  The AVERT study (A Very Early 
Rehabilitation Trial, 2008) began therapy within 24 hours of ictus [56]. 
The results are not conclusive, but they tend to recommend early onset of 
rehabilitation as superior to later training [57]. Experiments in mice also 
tend to show a beneficial effect of early training after stroke [58]. Physical 
therapy is often administered soon after stroke. The Swedish National 
Guidelines for Stroke Rehabilitation conclude that early mobilization of 
stroke patients is not dangerous, and that comprehensive stroke unit care 
experiences support of early mobilization, activation, and training [41]. 
 

Most motor recovery occurs within the first three months, plateauing at 
six months, with more cognitive than physical improvement after three 
months [59]. Positive effects on activity through increasing strength have 
been demonstrated, accompanying recommendations that strengthening 
exercises be incorporated in rehabilitation during the first six months 
[52]. Functional activity was found to be greater for those who received 
training in the acute phase (less than six months) following stroke. 
However, improvements were observed even after the first six post-stroke 
months, but not to the same extent. While these results have been 
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supported by numerous studies [53], it has not been possible to support 
the impact of strength exercises on increased activity.  

International Classification of Functioning, 
disability and Health, ICF 
In this thesis, the International Classification of Functioning, disability 
and Health (ICF) has been used to classify the various outcome measures 
[1]. The ICF consists of two parts, functioning and disability. Functioning 
is a concept that includes all body functions, activities and participation. 
Disability encompasses impairments, activity limitations and 
participations restrictions. Functioning summarizes non-problematic, 
neutral aspects of health while disability summarizes problems such as; 
impairment, activity limitations or participations restriction. Both 
components contain information about bodily functions and structures, 
as well as environmental and personal factors.  

Where is the gap? 
The American College of Sports Medicine and the American Heart 
Association Guidelines (2007) currently recommend balance exercise for 
individuals who are frequent fallers or for individuals with mobility 
problems. However these associations  admit the lack of adequate 
research evidence to describe specific frequency, intensity, or type of 
balance exercises for older adults at risk of falls [60].  

While it is generally agreed that identifying risk factors in order to 
prevent post-stroke falls is critical, very few studies have addressed the 
mechanism by which falls in stroke patients may be prevented. More 
intervention studies are needed to reach a consensus regarding the ideal 
fall risk preventive intervention. The results from studies in progress, 
together with existing knowledge and this thesis, will hopefully shed light 
on this globally growing dilemma. 

The main outcome of most previous studies has been the fall risk factors, 
not the actual prevalence of falls. One study attempted to describe the 
motivation behind movement rehabilitation: task-specific training has 
the potential to drive brain reorganization toward more optimal 
functional performance. The author emphasized the importance of 
incorporating the validated training methods most likely to positively 
impact this process [61]. 
An intensive physical therapy (task-oriented) delivered to stroke patients 
in a massed-practice paradigm focused on functional mobility, such as 
ambulation and various upright static and dynamic balance tasks, but 
also addressed underlying impairments including limitations in strength 
and range of motion. Positive improvements were observed in laboratory 
measures of reactive balance control as well as clinical measures of 
anticipatory and steady state postural control [62]. 
A randomized controlled trial where participants were allocated to either 
an agility exercise group or stretching/weight-shifting exercise group, 
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demonstrated greater improvement in step reaction time and paretic 
rectus femoris postural reflex onset latency for the agility group. In 
addition, members of this group also experienced fewer induced falls on 
the platform [63]. Both groups improved postural reflexes, functional 
balance, and mobility, possibly leading to a reduction of falls in older 
stroke patients [63]. 
Regarding balance, individually prescribed exercise programs that 
included muscle strengthening and balance retraining were most 
beneficial for increasing balance and mobility [46]. Symmetrical body-
weight distribution training may improve sit-to-stand performance and, 
consequently, decrease the number of falls by stroke patients [5]. Finally, 
the latest Cochrane review (2009) on physical fitness for patients with 
stroke emphasizes the need for more strength training trials, with non-
exercise attention controls, long-term training, and follow-up [49].
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RATIONALE AND AIMS 

Accidental falls are a problem for the individual and for society, as has 
been elucidated by numerous studies. An accidental fall often leads to 
injury and/or fracture(s), and society incurs the cost for inpatient and 
outpatient care, home care due to the loss of independence for the 
individual, rehabilitation costs, etc. Individual cost may occur in the form 
of loss of income, reduced quality of life, and pain and suffering, also 
known as human value loss. 
Accidental falls may have various underlying causes from different 
diseases. Individuals with stroke, as a group, have a doubled risk of falls 
compared with age-matched populations. There is not only one reason for 
an accidental fall, a fall after stroke is multifaceted with many known risk 
factors [3-9, 11-13, 34, 35, 37]. It is critical to find ways to prevent these 
accidental falls. 

It is interesting to evaluate whether a training program specifically 
targeted to strengthen a variety of areas of functioning that can be 
affected after a stroke can have effects on previously identified risk 
factors. 
We wished to evaluate whether a training program specifically targeted to 
strengthen a variety of stroke-affected functional areas can impact 
previously identified risk factors. Therefore, we created an exercise-based 
intervention program that also contained fall information and education 
and included safety aspects. The idea was to strengthen functions such as 
strength, balance, and endurance, while giving individuals the 
opportunity to practice difficult but meaningful activities. 
 
It was important to evaluate the training in more than just the physical 
and activity dimensions, such as balance and ADL. To be able to design 
future effective exercise programs that address as many risk factors as 
possible, the relationship between exercise type and functional effect 
must be determined. This training program was designed specifically for 
physical outcome measurements, but we also explored the effects such a 
program would generate in terms of level and presence of falls-efficacy, 
depression, and health-related quality of life (HRQoL). This knowledge 
may take us further in the development of training programs, in order to 
achieve the best possible outcome for stroke patients in preventing 
accidental falls.  
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Aims of the thesis 

 To validate the predictive accuracy of a previously developed 
index 
(Paper I) 

 

 To evaluate the impact of a high intensive exercise program on 
balance, ADL, lifestyle activities and falls-efficacy after stroke 
(Paper II) 

 

 To evaluate the impact of a high intensive exercise program on 
gait after stroke 
(Paper III) 

 

 To evaluate the impact of a high intensive exercise program on 
HRQoL and depression after stroke 
(Paper IV) 
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METHODS 

This thesis is based on two studies that have thus far resulted in one 
published article[64] and two accepted articles [65, 66] and one 
manuscript in progress. The first study (Paper I) was a validation of a 
previously developed fall risk index [64]. The second study was an 
Intervention study in Umeå, during 2005-2007 (Paper II-IV) [66]. (Table 
1) 

Study design 
The study designs presented in this thesis are a cross-validation (paper I) 
and a randomized controlled trial (paper II-IV).  The cross-validation 
study consisted of two samples, 158 participants from 1991/1992 (sample 
A) and 135 participants from 1997/1998 (sample B). The randomized 
controlled trial consisted of 34 participants (sample C) from 2005-2007 
(Table 1 & 2).  

 

Table 1. Design and method overview. 

Paper I II, III, IV 

Design Cross-validation study Randomized controlled trial 
Data collection Assessments during first week 

of rehabilitation. Data 
collected from patients, their 
relatives, medical records and 
CT scans 

Assessments and self-
reported measures pre-
intervention, post-intervention, 
three months and six months 
after intervention. 

Setting Geriatric rehabilitation ward Out-patient center 
Participants 158 and 135 34 
Analysis Descriptive statistics, Cox 

regression, Kaplan-Meier 
analysis and survival analysis 

Descriptive statistics and 
repeated measures analysis 

 
 

Ethical approval 
In paper I all participants or their proxies signed an informed consent 
form during inpatient rehabilitation at the Geriatric Clinic, Norrlands 
University Hospital. Ethical approval was given by the Research Ethical 
Committee of the Medical Faculty of Umeå University (see 84/97, dnr 97-
70). In paper II-IV, all participants signed an informed consent for study 
participation at the time of baseline and study inclusion. Ethical approval 
was given by the local Ethics Committee for Human Research at Umeå 
University (dnr 04-022). 
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Participants 
The sample from which the original Fall Risk Index was constructed 
(sample A) included 135 individuals from 1991 to 1992. The sample used 
to validate the original Fall Risk Index (sample B) included 158 
individuals from 1997 to 1998. Both samples consisted of patients 
consecutively admitted to a specialized geriatric stroke rehabilitation 
ward at Norrlands University Hospital during one year. The mean age in 
sample A was 76.4 ± 8.6 years, and in sample B it was 74.8 ± 8.9 years. 
Women represented 54% of sample A members, and 49% of sample B 
members (Table 2). 
The sample in the Intervention study (sample C) included individuals 
consecutively admitted to the Umeå Stroke Unit at Norrlands University 
Hospital during the years 2005-2007. The mean age in sample C was 77.7 
± 7.6 years for the IG and 79.2 ±7.5 years for the CG. Women were nearly 
evenly distributed between the IG (40%) and CG (37%) groups (Table 2). 

Procedure 
Settings 
The two studies were carried out in the county of Västerbotten, Sweden. 
At the time of our studies all patients with suspected stroke, in the 
catchment area, were admitted to the Umeå Stroke Unit at Norrlands 
University Hospital for treatment and rehabilitation. The participants in 
paper II-IV all lived within 10 km of the City of Umeå. Participants 
resided both in residential care facilities and in ordinary housing. 

Paper I: the Validation study 
Participants in this study were included during their stay at a geriatric 
rehabilitation ward at Norrlands University Hospital from 1997 to 1998. 
All participants were assessed during their first week of stay at the 
geriatric rehabilitation unit. Medical histories and previous falls were 
registered from medical records, from the patients themselves, or from a 
family member/caregiver.  

The inclusion criteria for this study were: cerebrovascular accidents or 
clinically similar conditions, and a requirement of further rehabilitation 
after the acute phase at the stroke unit. All patients who met the inclusion 
criteria were included after informed consent had been obtained either 
from the patients themselves or, for a few individuals, from their 
relatives. Patient characteristics are summarized in Table 2. 
 
Exclusion criteria were: completely immobile and bedridden 
throughout their entire stay, with no locomotion efforts and no sign of 
rehabilitation potential. To match the original study, patients were 
studied for 8 weeks (56 days), from their admission to the geriatric 
rehabilitation unit up to their discharge or death. The patients were 
studied for a median period of 34.5 days (range 3 to 56 days). 
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Falls were defined as incidents when the subject, due to an unexpected 
loss of balance, came to rest on the floor or an object below knee height 
[2]. All falls that came to the study personnel’s attention during the study 
period were recorded on special fall-report forms. The fall risk index was 
then scored for each subject. All participating staff at the ward were 
blinded to the study protocol scores. 

Table 2. Study sample characteristics at inclusion in study. 

 Paper I Paper II-IV 

 Sample A 
91/92 
n=135 

Sample B 
97/98 
n=158 

Sample C 
Intervention 
group 
n=15 

Sample C 
Control 
group 
n=19 

Age 74.8 ± 8.9 76.4 ± 8.6 77.7 ± 7.6 79.2 ± 7.5 
Sex (M/F) 69/66 72/86 9/6 12/7 
Stroke classification 
TOAST 
- large artery thrombosis 
- cardioembolic stroke 
- lacunar infarct 
- other specified stroke 
- unknown stroke 
- n/a 
OCSP 
- total anterior cerebral  
  syndrome 
- partial anterior cerebral  
  syndrome 
- lacunar cerebral syndrome  
- posterior cerebral 
syndrome 
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7 
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mRS   2.1 ± 0.6 2.1 ± 0.6 
Inpatient rehabilitation days   12.5 ± 5.0 10.9 ± 5.3 
Previous stroke   7 8 
Home help service   5 9 
MMSE* 20 (7,27) 16 (0, 25) 26.3 ± 3.5 25.5 ± 4.4 
Postural instability % 71,6% 75,9%   

Results are presented as proportion or mean ± SD.  
TOAST = Trial of Org 10172 in Acute Stroke Treatment classification, n/a = TOAST not applicable 
due to intracerebral hemorrhage. OCSP = Oxfordshire Classification of Stroke, mRS = modified 
Rankin Scale, MMSE = Mini Mental State Examination. *figures represent mean (first and 
third quartiles). 
 
 

Paper II-IV: the Intervention study 
In the Intervention study, all individuals hospitalized with a stroke 
diagnosis were screened for participation during their stay at the Stroke 
Unit of Norrlands University Hospital. Study inclusion occurred three to 
six months after stroke onset. During the stay at the Stroke Unit, a wider 
set of inclusion criteria were used to screen for potential participation 
later on. Basic characteristics of included individuals are summarized in 
Tables 2 and 3.   
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Table 3. Participant living situations, paper II-IV. 

 Intervention 
Group (n=15) 
 

Control 
Group 
(n=19) 

p-value 

Living situation 
-own house 
-own apartment 
-senior housing 
-other 

 
5 
8 
2 
0 

 
6 
11 
1 
1 

.694 

Marital Status 
-married/cohabitant 
-widow/widower/single 

 
9 
6 

 
8 
11 

.492 

Home help service 5 9 .495 
Home care rehabilitation 9 11 1 
Day care rehabilitation 1 5 .196 

Groups were compared using the Chi-squared (Pearson´s or if applicable Fisher´s exact test)  
or independent samples t-test for the baseline assessments. 

 
The inclusion criteria were: acute stroke three to six month prior to 
inclusion, age of 55 years or greater, capable of walking 10m indoors with 
or without a walking device or support of another person, and the ability 
to understand and comply with instructions in Swedish. The individuals 
should also have a risk of fall according to subjective clinical observations. 
Exclusion criteria were the ability to walk outdoors independently 
(without personal assistance or walking device), severe aphasia or severe 
vision or hearing impairment. For the entire screening and inclusion 
process see Figure 2. 
 
Two weeks before the baseline assessments, a telephone call was made to 
those individuals previously highlighted as potential study participants, 
in order to estimate changed function and capacity since inpatient 
rehabilitation. Of the previously screened individuals, a few had 
deteriorated to the extent that they were no longer suitable for 
participation. The majority of the individuals had improved from being at 
fall risk to not being at fall risk three to six months after inpatient 
rehabilitation. Those who still met the inclusion criteria were brought to 
an assessment evaluation at the Clinical Research Centre at Norrlands 
University Hospital, where they underwent medical assessments by the 
doctor and nurse assigned to the Intervention study, as well as 
physiological and psychological assessments by a PT. If the individuals 
met the inclusion criteria after these assessments, and accepted 
participation in the study, they were included. This assessment was 
considered their baseline assessment.  
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Figure 2. CONSORT flowchart of the screening process of Intervention study, from stroke onset to 
final inclusion in the study and all follow-ups. CONSORT= Consolidated Standards of Reporting 
Trials. 

 
To be able to reach the estimated number of participants needed to 
achieve power for the Berg balance scale (see statistical analysis section), 
screening, assessments, and randomization took place on three different 
occasions between 2005 and 2007. Randomization into either IG or CG 
occurred directly after the baseline assessment. A minimization program 
was used to avoid imbalances between the relatively small groups. The 
minimization program, MiniM [67], was programmed to take into 
account two different variables. These variables were cognition, using the 
Mini Mental State Examination, MMSE ( ≤ 24/ ≥ 25 ) [68], and fall risk, 
using the Fall Risk Index validated in the first paper (value ≤ 1/ ≥ 2) [64]. 
This Fall Risk Index takes into account postural stability (<10/14), signs 
of visuospatial hemi-inattention, and male sex [64]. 
 

Assessed for eligibility, n=395

Patients with stroke 
(n=265)

Enrollment

Three to six month 
post stroke 

Randomization

Allocated to intervention (n=15)

Received allocated intervention (n=15)

Discontinued intervention (n=1)

1 subject deceased

Lost to three month follow-up (n=1)

1 subject deceased

Paper II & III

Analyzed (n=13)

Excluded from 
analysis  (n=0)

Paper IV

Analyzed  (n=8)

Excluded from analysis  
(n=7)

1 no specific paretic 
side, 6  no normalized 

gait speed

Allocated to control (n=19)

Received allocated control intervention (n=19)

Lost to three month follow-up  (n=1)

1 subject on vacation

Lost to six month follow-up  (n=1)  

Paper II & III

Analyzed (n=17)

Excluded from 
analysis  (n=0)

Paper IV

Analyzed  (n=15)

Excluded from analysis  
(n=4)

1 no specific paretic 
side, 3 no normalized 

gait speed

Excluded in total (n=361   )

Excluded patients with stroke 
(n=231)

Not meeting inclusion criteria 
(n=186) 

Refused to participate (n=27)

Other reasons (n=18)
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Two investigators were responsible for the randomization of individuals 
into the two groups (EH and PW). The thesis author (EH) was 
responsible for screening all individuals at the Stroke Unit and making 
the follow-up phone calls. All individuals received a code number in order 
to ensure blind randomization. This code number was then re-coded 
three times to receive a final code number not recognizable to EH. PW 
had no knowledge of the individual’s code number at any time.  
 
At the assessments, the participating nurse and PTs did not have any 
knowledge of the group allocation of the individuals. They were 
instructed to fill out an incidence report if they had any suspicion of the 
group allocation. This happened once, and the suspicion was false. 
The PT and Occupational Therapist (OT) responsible for carrying out the 
programs for the intervention and control groups reviewed the 
participants’ baseline assessments before the study began, in order to be 
well-prepared for the actual intervention and to have a prepared 
rehabilitation program for the individuals.  
The staff in the intervention did not take part in any of the assessments. 
They had no insight in the follow-up test records. 
 
The assessments and the randomization took place the week before study 
start. The individuals were contacted by telephone and were informed 
about the randomization results by EH. All logistics around the 
intervention were handled by EH, including travels by taxi, follow-up 
assessment, etc. The study was registered before study start at 
www.clinicaltrials.gov as NCT00377689. 

Assessments  
The participants in the Validation study were assessed once, during the 
first week of stay at the Geriatric ward. The participants in the 
Intervention study were assessed four different times. The baseline 
assessments were first, then a follow-up assessment directly after the 
intervention, and a three-month post-intervention follow-up. The six-
month follow-up was conducted by telephone by RB, the research nurse 
at the Umeå Stroke Unit who participated in all assessments in the 
Intervention study. Naturally, only outcome measures possible to conduct 
over the telephone were included in the six-month follow-up. Outcome 
measures in the different papers (Table 4) were assessed using the 
following instruments: 

  

http://www.clinicaltrials.gov/
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Table 4. Instruments used in paper I-IV, overview. 

 Paper I Paper II Paper III Paper IV 

Modified Rankin Scale  X X X 
NIHSS  X X X 
Mini-Mental State Examination X X X X 
Fall Risk Index X X X X 
Motricity index X    
Postural Stability sub-score, Fugl-Meyer X X   
Berg Balance Scale*  X   
Katz ADL X    
Barthel Index  X   
Line bisection test X X   
Falls efficacy scale – International  X   
Frenchay Activities Index  X   
Short Form -36    X 
Geriatric Depression Scale - 15    X 
GAITRite*   X  
Fall Risk Index X X   
Motivation assessment**  X X X 
Borg Scale of Perceived exertion**  X X X 

*Assessments of Berg Balance Scale and GAITRite were not conducted at the six  
month follow up. ** Assessed within the intervention program for evaluating each 
session. 

 
 
For diagnostic and medical outcomes: 
In the Validation study, the medical diagnose was based on clinical 
examination and computed tomographic (CT) scans. The National 
Institutes of Health Stroke Scale (NIHSS) is a method used to estimate 
the severity of a stroke; the NIHSS was used in the Intervention study.   
Two stroke classification systems were used in the Intervention study to 
shed light on the stroke localization, the Trial of Org 10172 in Acute 
Stroke Treatment (TOAST) [69] and the Oxfordshire Community Stroke 
Project (OCSP) [70].  
The modified Rankin Scale (mRS) is a commonly used scale for 
measuring the degree of disability or dependence in the daily activities of 
stroke patients, and it has become the most widely used clinical outcome 
measure for stroke clinical trials [71]. This instrument was used in the 
Intervention study. 
The line bisection test was used for determining the presence of 
visuospatial hemi-inattention [72] . The score range from 0 to 9 with ≤7 
indicating impairment. The presence of perceptual impairment was also 
estimated in a multidisciplinary team consensus (paper I) following 
comprehensive clinical assessment, including observation during 
activities. Visuospatial hemiinattention was defined as a positive finding 
in either of these two ways in the validation study. In the Intervention 
study only the line bisection test was used. 
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For physical outcome measures: 
To assess upper and lower limb motor function in the Validation study 
the Motricity Index (MI) was used [73]. The maximum score for each 
body side is 100 (=no impairment). The mean scores for both body sides 
were recorded. In the original Fall Risk Index, it was noted whether or 
not bilateral motor impairment was observed.  
 
Balance was assessed using the postural stability sub-score of the 
Brunnström–Fugl–Meyer Scale [74] (paper I) and the Berg Balance Scale 
(BBS) (paper I+II) [75]. The postural stability sub-score of the 
Brunnström–Fugl–Meyer Scale ranges from 0 to 14, with higher scores 
indicating less impairment. The BBS scores balance of 14 items, with a 5-
point (0–4) scale per item. Scores from 0 to 20 indicate a wheelchair 
user, 21–24 indicate a subject who walks with assistance, and 41–56 
indicates independence. Both scales were used in both studies. 
 
Two instruments were used to assess Activities in Daily Life (ADL). In the 
Validation study, the Katz ADL index was used [76], including six items: 
bathing, dressing, toileting, transfer, continence, and feeding. The score 
ranges from A to G, with A indicating independence in all 6 activities and 
G indicating total dependence (0 denotes unclassifiable cases).  
In the Intervention study, the Barthel Index (BI) was used to assess ADL 
[77]. The Index measures the degree of independence in three categories 
of ADL, self-care, bowel and bladder continence, and mobility. The 
Barthel IndexI uses a 2–4 points grading level per item, with the 
maximum score of 20 points indicating total independence in personal 
ADL.  
To estimate the level of lifestyle activities, the Frenchay Activities Index 
(FAI) was used in the Intervention study [78]. The FAI comprises 15 
items each scored 0-3 points (0 = never to 3 = most frequent) and divided 
into three domains: domestic, outdoor and leisure/work activities with a 
maximum score of 45 points. FAI measures certain performed activities 
in the last three months and the last six months. In this study it means 
that the six-month interval, for some individuals, included the period 
before the stroke. This issue has been handled by analyzing the three-
month section separately and analyzing the entire instrument afterward 
to look for differences. In paper III the three month section is called FAI-
3. 
A fall calendar documented the number of falls during the Intervention 
study and was used throughout the six-month follow-up. Falls were 
defined as incidents in which the individual, due to unexpected loss of 
balance, came to rest on the floor or an object below knee level [79].  
In the Intervention study, gait parameters were collected through an 
electronic walkway mat, the GAITRite ® Walkway System 
(www.gaitrite.com) (Figure 3). The walkway was 10 meters long, with a 
registration centre of 6.1 meters. The walkway system registered the time 
and placement of every footstep and provided temporal and spatial gait 
parameters.  

http://www.gaitrite.com/
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The Borg Rating of Perceived Exertion (RPE) Scale [80, 81] was used in 
the Intervention study to estimate the general level of intensity (in this 
study, perceived exertion) of the HIFE and to regulate the level of 
exercises. This scale is an ordinal scale with values from 6 to 20 where 6 
represents no exertion at all and 20 represents maximal exertion. If the 
participants rated their perceived exertion lower than 15 the exercises 
were made progressively more difficult/strenous.  
Perceived exertion of the lower limb muscles (strength and balance 
exercises) was measured on a separate scale (1 = high, 2 = medium, and 3 
= low exertion). The individuals rated their perceived exertion according 
to the Borg RPE Scale and the perceived exertion for the lower limb 
muscles at each training session. 
 
For psychological outcome measures:  
The participants cognitive state was assessed with the Mini Mental State 
Examination (MMSE) in both studies [82]. The score ranges from 0 to 
30, with <23 points indicating significant cognitive impairment. 
In the Intervention study, Falls Efficacy Scale – International (FES-I) was 
used to assess the participants beliefs in their own ability to perform an 
activity without falling [83]. This instrument measures the level of 
concern about falling when performing any of 16 activities on a 4-point 
Likert scale (1 = not at all concerned to 4 = very concerned). 
The Intervention study also included the Short Form-36 Health Survey 
(SF-36) to assess Health-Related Quality of Life (HRQoL) [84-86]. It is a 
generic instrument measuring self-reported physical and psychological 
aspects of health. SF-36 includes eight subscales: physical functioning, 
role functioning physical, bodily pain, general health, vitality, social 
functioning, role functioning emotional, and mental health. The total 
score in each sub-scale is 100, with higher numbers indicating a higher 
degree of perceived health. In addition to the eight different scales, which 
are considered to be universal and to represent basal human function and 
well-being [87], there are two dimensions, a physical dimension (PCS) 
and a mental dimension (MCS). The dimensions are calculated by 
weighing the different load of the eight scales into these dimensions.  
The Geriatric Depression Scale-15 (GDS-15) was used to assess symptoms 
of depression in the Intervention study [88]. The GDS-15 is a basic 
screening measure for symptoms of depression in older adults, using 15 
questions with a Yes/No answer alternative. Depending on age, 
education, and complaints, the scores from 0 to 4 indicate normal (no 
depression), 5 to 8 mild depression, 9 to 11 moderate depression, and 12 
to 15 severe depression. 
The estimated level of the participants’ motivation was graded by a scale 
from 1-5 as follows: 1=very positive, 2=positive, 3=neither positive nor 
negative, 4=has to be convinced to participate, 5=present but not 
participating.  
All instruments used for the assessments (except the lower leg exertion 
score and the motivation assessment) have been tested for validity and 
reliability in populations similar to the populations in these studies [68, 
71-74, 76, 89-102]. The assessments were always carried out in the same 
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environment, using the same equipment and the same procedure. All 
outcome measures have been chosen and classified according to the ICF 
(Table 5). 
 

Table 5. Classification of outcome measures according to the ICF model. 

Body structure (impairments) Activities (limitations to 
activity – disability) 

Participation 

1. Motricity Index 
2. Postural Stability Sub-Score 
3. Mini Mental State Examination 
4. Line Bisection test 

1. Katz ADL 
2. Barthel Index 
3. Berg Balance Scale 
4. Frenchay Activities Index 
5. Falls Efficacy-Scale-I 
6. GAITRite 

1. Short Form  - 36 
2. Geriatric Depression Scale -
15 
3. Fall Risk Index 
4. Level of motivation 

ICF = International Classification of Functioning and disabilities, ADL = Activities of Daily Living. 
 
 

Intervention program 
All participants regardless of group allocation participated in a five-week 
structured intervention program. The IG program consisted of seven 
sessions per week for five weeks each week contained three days of 
sessionsand each exercise session lasted approximately 45 minutes. Each 
week contained a one hour educational group discussion session led by a 
PT and an OT. This schedule resulted in a total of 30 exercise sessions 
and 5 educational group discussions.  
The focus of the exercise was on physical activity and functional 
performance. The intervention was based on HIFE program, with the goal 
of improving the individuals’ lower-limb strength, balance, and gait 
ability. The HIFE Program is based on exercising in functional weight-
bearing positions (figure 4.) The program includes lower-limb strength 
(e.g. chair stand) and balance exercises (weight shifting outside support 
surface), in standing (knee bend) and walking (obstacle crossing course) 
[103, 104].  
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Figure 3. GAITRite ® Walkway System Gold 6.1. 

 
 
The HIFE Program contains instructions on how to choose the level of 
exercises based on each participant’s capacity [104]. For more examples 
of exercises, see Figure 4. 
All exercises were performed at high intensity, if possible, by the 
individuals [103-105].  “High intensity” was defined as  1) strength 
exercises comprising at least 2 sets of exercises with 8-12 repetitions 
(maximum); 2) the balance exercises close to the individuals’ balance 
maximum, and 3) the subject did not rest more than necessary [104]. The 
maximum was determined by the participants experienced exertion in 
performing the exercise for the first times. In addition to the regulation 
described in the HIFE program the exercise intensity was regulated with 
the help of the Borg RPE scale.  
Every day the first session of the Intervention Program was performed 
according to the HIFE-Program. The second session consisted of 45 
minutes of implementing the previously performed exercises in an 
environment closely related to the participants own home environment. 
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The exercises performed at this session were transferred to match 
activities in real life situations.  
All participants were required to describe their experienced and perceived 
problems at study start and these problems were included in the 
rehabilitation plan. A home visit was conducted by a PT and an OT at the 
start of the Intervention Program to determine each subject’s ability to 
perform ADL and lifestyle activities and to experience the subject’s daily 
difficulties in their own environment. All HIFE exercises and 
implementation activities were individualized based on this home visit, 
tailor made for each participant before the first day of study.  
During the last week of Intervention, an individualized home-based 
exercise program was designed by the PT for each subject in the IG. This 
home exercise program was part of the Intervention program and 
consisted of a maximum of three different exercises similar to the 
exercises performed during the five-week intervention. The intensities of 
all exercises were adjusted, so they could be modified as the subject 
progressed. The instructions were to perform this home-based exercise 
program three times a week at least until the three-month follow-up.  
 
The CG met once a week for a one-hour educational session during the 
five-week period, which was led by an OT. The group discussions were 
about communication difficulties, fatigue, depressive symptoms, mood 
swings, personality changes, and dysphagia (all more or less hidden 
dysfunctions after stroke), and how to cope with these difficulties. There 
was no special focus on the risks of falling in these discussions. For a full 
description of the IG and CG programs, see Appendices 1 and 2. 
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Category A. Static and dynamic balance exercises in combination with lower limb strength 
exercises. 

   
 
Category B. Dynamic balance exercises in walking. 

     
 
Category C. Static and dynamic balance exercises in standing position. 

   
llustrations from the HIFE Program [104], reprinted with permission of the publisher.  
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Category D. Lower limb strength exercises with continuos balance support. 
 

    
 
 
Category E. Walking exercises with continuos balance support. 
 

     
 

 
Figure 4. Examples of exercises from the different categories in the HIFE-program. 
llustrations from the HIFE Program [104], reprinted with permission of the publisher. 
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Statistical analyses 

Paper I 
Falls and injuries are described as numbers, percentages, or incidence 
rates with 95% confidence intervals (CI). The incidence rate of falls is 
presented as number of falls per 100 patient years. 
Survival analyses were used to describe the fall risk as a function of time. 
The association between index score and the time to first fall was 
analyzed by a Cox regression. Time to first fall was compared between 
individuals belonging to low-, intermediate-, and high-risk groups by 
Kaplan–Meier analysis with a log-rank test for statistical significance 
[106]. Each Fall Risk Index item was associated with the time to first fall 
using Cox regression.  
Based on the findings from the foregoing analyses, a remodeling of the 
index was performed. Principal components analysis (varimax rotation, 
eigenvalue ≥1) was used to identify index items closely related to each 
other. In cases where two or more index items strongly loaded on the 
same factor (factor loading ≥0.6), the item that exhibited the strongest 
bivariate association with the risk of fall was chosen for further 
remodeling. Factors with P values ≥.15 in bivariate analyses were 
excluded at this step from further analyses.  
Stepwise multifactorial Cox regression modeling was used to identify the 
combination of index items showing the best association with falling in 
the validation sample (sample C). The remodeled index was then tested 
backwards in the model fit sample (1991-1992) using Cox regression and 
Kaplan– Meier analyses with the log-rank test. A P value ≤0.05 was taken 
to indicate statistical significance.  
 
Paper II-IV 
All descriptive statistics are presented in frequency tables as means with 
95% CI. All assessments were tested for normal distribution. Groups were 
compared using the Chi-squared (Pearson´s or if applicable Fisher´s 
exact test) or independent samples t-test (Table 6) for the baseline 
assessments.  
General linear model with repeated measure statistics were used to 
analyze the follow-up data in paper II-IV (Table 6). This analysis 
considers the fact that each individual had multiple assessments and that 
the assessments were over a period of time.  
A Poisson regression was performed using the number of falls as the 
dependent variable to estimate the correlation of the outcome variables 
(in paper II) to falls after the intervention. The mean values presented in 
paper II-IV are the actual means of the two groups rather than the 
estimated means that the statistic estimation model used in the repeated 
measure analysis. This was to give the clinician/reader a clearer picture of 
the participants’ real level on each outcome measure.  
Confidence intervals presented in paper II-IV represent separate values 
in the IG and CG at baseline and at the respective follow-ups while such 
estimates are not possible to retrieve directly in the repeated measure 
analysis.  
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Power 
Power estimation was not conducted for the Validation study. The study 
group was chosen to match the original study sample from 91/92. 
Power was calculated to determine the sample size needed in the 
Intervention study (papers II-IV) for the Berg Balance Scale [91].  A 
clinically significant difference of ≥ 5 points in the BBS (p <0.05, two-
tailed test) was the basis for this calculation. The calculation estimated 
the number of individuals needed as 34, 17 in the IG and 17 in the CG. 
To have a substantial marginal for potential losses (for example drop-
outs), we set a goal of 50 participants, twenty-five in each group. We 
included participants during three different intervention rounds to meet 
this goal; however we did not reach our goal of participants in time. In the 
end, 34 individuals were included.  
All data analyses were performed using the SPSS software package, in 
paper I version +10.0 and in paper II-IV version 17.0.
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RESULTS 

Validation of a Fall Risk Index in Stroke Rehabilitation 
– Paper I 
Thirty-nine (25%) patients fell at least once. The incidence rate was 349 
(95% CI, 254-444) falls per 100 patient years, compared with the 
corresponding rate of 756 (95% CI, 616-897) in the original sample.  
The Fall Risk Index score was significantly associated with the time to 
first fall (hazard ratio: 1.22; CI: 1.03-1.44), but the specificity was low 
(26%). The Fall Risk Index managed to capture all those who fell, with 
one exception (97% sensitivity). The low specificity was due to 
classification by the Fall Risk Index of 30 patients that didn’t fall, as 
fallers.  
 The grouping of the individuals into no, low, medium, or high risk of falls 
did not show any significance. On the basis of these results, the index was 
modified and re-validated with the original sample (Model Fit Sample). 
The original Fall Risk Index consisted of seven items, while the stepwise 
Cox regression modeling resulted in three items (Figure 5). 

 

  

Figure 5. Kaplan-Meier analysis of fall risk in individuals assigned to the low-risk (dotted line), 
intermediate-risk (solid line), and high-risk (fat solid line) groups. Log-rank test for validation 
sample, 5.19, (P =0.075). 
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Because of these results, the index was modified, and re-validated in the 
original sample (model fit sample). The original Fall Risk Index consisted 
of seven items, the stepwise Cox regression modeling resulted in the 3 
items: 
 
1. postural stability score 10/14 (Item 1) 
2. signs of visuo-spatial hemi-inattention (Item 2) 
3. male sex (Item 3) 
 
These three remaining items were grouped together to form an index 
following an accumulated model.  
Item 1.   Score=1 
Item 1 + Item 2  Score=2 
Item 1 + Item 2 + Item 3   Score=3 
This score was significantly associated with fall risk in both samples; the 
hazard ratio (95% CI) was 1.9 (1.4-2.7) in the Validation sample and 1.8 
(1.4-2.4) in the Model Fit Sample (Figure 6a+6b). 

 

Figure 6a+b. Kaplan-Meier analyses of the relation of the revised index to the fall risk among 
patients in the validation sample (A) and in the model fit sample (B). The dotted line indicates a 
score of 0; the solid line, a score of 1; the fat dotted line, a score of 2; and the fat solid line, a score 
of 3. Log-rank test for the validation sample, 18.2 (P < 0.001), for the model fit sample, 23.3 (P < 
0.001). 
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The Intervention study - Paper II-IV 
All but one participant completed the five-week intervention 
period. Three participants dropped out during follow-up due to 
worsening overall medical condition. The IG participants completed the 
home exercise program 2-3 times per week according to the self-reporting 
questionnaire.  
 
What is the benefit of a High Intensive Exercise Program? 
 –Paper II 
Balance, ADL and falls 
The high intensive exercise program did not result in a significant 
difference in balance as assessed by the Berg Balance Scale (IG vs 
CG). Twenty-six falls were documented by the participants in their fall 
calendars. Severe pain or injury was documented in five falls, but there 
were no differences between the two groups.  Eleven participants (32%) 
fell during the study (five IG individuals and six CG individuals), and 
almost a fifth of the participants fell more than once. These figures 
correspond to a fall frequency of 1.35 falls/person/year. Three 
participants in each group (18%) fell more than once, and the most falls 
for any single subject was six. The Poisson regression did not reveal any 
significant differences in the number of falls between the IG and the CG.  
 
Activities in daily life 
Barthel´s Index showed a significant positive mean difference of 1 point 
for the IG (IG 18.6 ±1.1 › 19.2 ± 1.3 vs. CG 18.8 ±1.9 › 18.5 ± 2.3) 
compared with the CG at the six-month follow-up vs. the baseline 
assessment (p < 0.05, effect size 0.15). 
 
Falls efficacy 
The FES-I instrument showed an improvement for the IG, but not for the 
CG. The improvement were seen directly after the intervention with a 
mean difference of 3.1 points (IG 31.3 ± 9.6 › 26.7 ± 4.5 vs. CG 28.0 ± 
10.9 › 26.5 ± 11.3, p < 0.05, effect size 0.09) and at three-months post-
intervention with a mean difference of 4.2 points (IG 31.3 ± 9.6 › 27.8 ± 
6.9 vs. CG 28.0 ± 10.9 › 28.7 ± 10.0) compared with the baseline 
assessments (p < 0.03, effect size 0.13). 
 
Lifestyle activities  
The improvements in ADL and in FES-I did not reflect any expanded 
social activities as measured by the Frenchay Activities Index.  No 
significant differences were detected between the two groups in terms of 
lifestyle activities as assessed by the Frenchay Activities Index (FAI-3). 
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The impact of an high intensive exercise program on gait after 
stroke  
- Paper III 
Of the 34 included individuals, 32 (IG = 14, CG = 18) were eligible for gait 
characteristics analysis. Two were excluded, as there was no specification 
of paretic/non-paretic side. 
A lack of intra-individual overlapping walking velocity measurements 
between assessments obstructed comparisons of gait characteristics at a 
normalized velocity for five individuals (4 IG and 1 CG). Four individuals 
only had data from the baseline and post-intervention follow-up. Twenty-
three participants had complete sets of data (baseline/post-
intervention/three month follow-up) and were analyzed in this study. 
However, there were no significant differences in baseline characteristics 
or gait parameters between those who lacked the possibilities of 
normalizing the gait speed and the remaining participants. Visual 
example of the registered walks can be seen in Figure 7. 
 
Two variables were significantly different between the two groups at 
baseline, step length for the paretic leg (IG 49.7cm ±12.2 vs. CG 55.6cm 
±12.0 , p=0.05) and the variability in step length for the paretic leg (IG 
7.2% ±5.4 vs. CG 6.0% ±3.0, p=0.04). These differences were however 
faded out at the post intervention assessments. There were no other 
differences in the remaining baseline data or the baseline characteristics 
between the IG and the CG. (Table 6) 
Gait variability improved after the intervention for the IG compared to 
the CG both at the post-intervention assessments and at the three-month 
follow-up assessments. The only significant difference in basic temporal 
parameters was the double support time for the non-paretic leg, all other 
improvements were in the variability of the different gait parameters. 
In double support time, the IG decreased their time spent in the most 
stable phase of the gait cycle for the non-paretic leg after the intervention, 
while the CG did not change at all (IG 0.9 sec ± 1.3 › 0.4 sec ± 0.2 vs. CG 
0.4 sec ± 0.2 › 0.4 sec ± 0.1, p ≤ 0.001).  This change persisted even at the 
three-month follow-up (IG 0.9 sec ± 1.3 › 0.4 sec ± 0.1 vs. CG 0.4 sec ± 
0.2 › 0.4 sec ± 0.3, p ≤ 0.001 ). For the variability in step time for the 
paretic (p < 0.01) and non-paretic leg (p < 0.01), the double support time 
for the non-paretic leg (p < 0.001), and the variability of cycle time for 
both the paretic and non-paretic leg (p < 0.01), the IG decreased their 
variability while the CG increased their variability (Table 6). 



Results 
 

44 
 

  



Results 
 

45 
 

  



Results 
 

46 
 

Baseline Velocity sec=0.34 m/s 
 

 
  Paretic Non-paretic  
Step Time sec  0.66 0.74 
Variability in Double Support Time (%) 7 9  
Variability in Gait Cycle Time %  8 6 
Step Width mm  122.8 120.6 
Step Length cm  26.18 21.64 
______________________________________________________________________________ 
 
Post intervention follow-up Velocity: 0.42 m/s 
 

  Paretic Non-paretic 
Step Time sec  0.67 0.74 
Variability in Double Support Time (%) 6 6 
Variability in Gait Cycle Time % 6 8 
Step Width mm  107 106 
Step Length cm  28.9 29.7 
______________________________________________________________________________ 
 
Three month follow-up Velocity=0.41 m/s 
 

 
  Paretic Non-paretic 
Step Time sec  0.69 0.74 
Variability in Double Support Time (%) 8 10 
Variability in Gait Cycle Time % 8 6 
Step Width mm  103 102 
Step Length cm  30.1 28.2 
 
Figure 7. Exemplified gait characteristics by visual footsteps for one individual in the Intervention 
Group in self-selected normal speed at baseline, post intervention and three month post 
intervention follow-up. 

 

However, two categories favored the CG: variability in step length and 
step time for the non-paretic leg at the three-month follow-up. Both 
groups decreased their variability in step time but the CG’s decrease was 
larger (p < 0.001). In the variability of step length for the non-paretic leg, 
the IG increased their variability while the CG decreased (p < 0.001). 
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What’s the benefit of A High Intensive Exercise Program’s on 
Health–Related Quality of Life and Depression after stroke 
- Paper IV 

HRQoL and depressive symptoms 
A significant difference between the two groups was detected in the SF-36 
MCS and MH subscale at the three-month follow-up in favor of the CG (p 
< 0.02). There were no differences between the IG and the CG in terms of 
depressive symptoms as measured by GDS-15.  

SF-36 
There were no difference in SF-36 PCS at baseline between the IG and the 
CG. At the three- and six-month follow-ups, there was partial 
normalization of the SF-36 PCS for the whole study group versus values 
at baseline (p < 0.05). However, there was no significant difference for 
SF-36 PCS between the IG and CG over time (Table 6). Regarding the 
individual components of the SF-36 PCS (physical function, role physical, 
bodily pain, and general health), there were no significant differences 
between the IG and the CG at baseline or over time post-intervention 
(Table 6).  

A significant difference existed in the SF-36 MCS between the IG and CG 
at three-month follow-up in favor of the CG (p = 0.02). The MH sub-scale 
also showed a similar significant difference at three-month follow-up (p = 
0.02). The results for the remaining individual components of the SF-36 
MCS (vitality, social functioning, and role functioning-emotional) were 
without significant differences between IG and CG at baseline and over 
time after intervention (Table 6). 
There were no differences in the SF-36 MCS at baseline between the IG 
and the CG (Table 6). 

Geriatric Depression Scale-15 (GDS-15) 
There was no statistically significant difference in GDS-15 between the IG 
and CG at baseline. There was no difference over time in the GDS-15 
between the IG and CG. All levels of GDS-15 were without signs of 
depression. (Table 6) 
 
General assessments the Intervention study, paper II-IV. 
 
Motivation 
Motivation was estimated in IG and CG members by the responsible PT 
or OT. The mean level of motivation in the IG was 1.19, compared to a 
level of 1.98 in the CG (Table 7).  
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Intensity 
The level of intensity was estimated in the Intervention group for the 
exercise sessions by rating the perceived exertion using The Borg RPE 
Scale [80, 81]. The level of intensity in the exercises was also regulated by 
the same rating. The mean level of perceived exertion during HIFE was 
calculated by summing all estimation values from every session and 
dividing them by the number of attended sessions. The overall mean level 
of intensity was 16.2 (±1.4) the perceived exertion for the lower limb 
muscle strength exercise was 1.1 (±0.1) and for balance 1.1 (±0.2). These 
figures indicate that the estimated level of high intensity in the exercise 
sessions was reached (Table 7). 
 

 
Table 7. Level of intesity and motivation.  

 Intervention 
Group, n=15 
(SD) 

Control 
Group, n=19 
(SD) 

p-value 

Attendance in allocated group 85 % 92 % 0.375 
Motivation 1.19 (0.3) 1.98 (0.5) <0.001 
Exercise intensity, strength 1.1 (0.1) n/a - 
Exercise intensity, balance 1.1 (0.2) n/a - 
Exercise intensity, lower leg 16.2 (1.4) n/a - 

Groups were compared using the Chi-squared (Pearson´s or if applicable Fisher´s exact test)  
or independent samples t-test for the baseline assessments. Results presented as  
proportion or means with Standard Deviation (SD). n/a=not applicable. 

 
 
 
.
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DISCUSSION 

Main findings 
The main result of this thesis was that the validated Fall risk index 
received a modification to achieve a better specificity and sensitivity. The 
Fall Risk Index was also shortened and thereby made easier to administer 
in the clinic. With the knowledge from the index validation and 
modification, of several fall risk factors, an intervention program was 
constructed with the goal of influencing these risk factors through 
exercise. 
Although the primary outcome (BBS) did not show any significant results, 
the Intervention study had a positive effect on ADL, falls-efficacy, and 
gait variability (Table 6). No significant results were seen in the 
intervention group for balance, lifestyle activities, signs of depression, 
and HRQoL. On the contrary, the Control group demonstrated a 
significant improvement compared to the IG in HRQoL.  

Balance 
Balance was the primary outcome variable in the Intervention study; the 
BBS was used to estimate the level of balance. The lack of a significant 
improvement in balance for the IG was disappointing. Reduced balance is 
a well-known risk factor for falls after stroke [11, 12, 107]. Probable causes 
of the lack of results in this intervention could be initial relatively high 
BBS scores and the short time of intervention. The BBS score for both 
groups was low at baseline, but perhaps not to the extent needed to 
benefit from this short-term intervention.   
 
Cut-off BBS scores regarding the identification of fallers vary. A score of 
45 has been used clinically for a long time to estimate fall risk for stroke 
patients [108]. A score of ≤ 49 has been proposed to be predictive of falls 
[109], as have scores of ≤ 46 [110] and ≤ 29 for single falls [12, 107]. 
However, the use of the BBS as a dichotomous scale has been discouraged 
in favor of a likelihood ratio for predicting multiple falls, since it 
preserves the risk gradient across the whole range of scores [111]. The 
BBS cutoff-score used in this Intervention study was ≤ 45; it was not an 
inclusion criterion in this study, but it was used for guidance at the Stroke 
Unit to classify patients as at risk or non-risk of fall. Many of the 
participants in this study did have a somewhat higher BBS score but were 
still classified as at risk for falls. The higher the score on BBS, the more 
improvement is probably needed to see results in the scoring. As a result 
of this, a lower score on BBS could also indicate a larger improvement 
potential. 
Five weeks are a short period for an exercise program, and one cannot 
expect remarkable results. It was, however, interesting to evaluate this 
shorter intervention, since five weeks is a period easy to administer when 
implicating a program in clinical settings. To achieve effects on balance 
and other physical outcomes such as strength and balance through PRT 
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alone, intervention durations of eight to twelve weeks have been 
described [45]. However, the review by Latham did not show any 
evidence that PRT effected physical disability when measured activity or 
HRQoL outcomes [45]. 

Activities in daily life  
The Intervention study resulted in improved activities in daily living 
(ADL) at the six month follow-up. The separate items in the Barthel Index 
were not analyzed in this study; for future comparisons and for more 
specific knowledge on where the improvements were most pronounced 
these analyses would be essential. A study of 191 older people living in 
residential care facilities demonstrated that the same high-intensity 
functional weight-bearing exercise program (performed over a period of 
three months) effected indoor mobility in older people dependent in 
ADLs according to the Barthel Index, most of whom had severe physical 
or cognitive impairments [112]. An increase in ADL and hence a less 
dependent living situation is an important result. An effect on activity 
appears when training physical components, with a focus on task-specific 
exercises but there was no significant change in the physical outcome 
measured by balance. Studies have evaluated ADL in similar 
interventions but few have succeeded; progressive resistance training has 
been shown to affect strength and balance but not reduced physical 
disability [45] 

The main focus in this Intervention study on functional performance and 
activity, with task-specific exercises, is probably the main reason for this 
significant result. Task-specific exercises have been shown to be superior 
to other exercises in improving function after stroke [113]. Strengthening 
exercises, preferably with functional tasks and intense training, have a 
carry-over effect on activity [52]. However, more evidence of the impact 
on ADL and other activity measures has been called for [114]. It has been 
suggested that functional training, where intensity and task-specific 
exercise therapy are important components, may be the optimal stroke 
rehabilitation strategy [114].  

The most desirable outcome is that the participants’ ability to perform an 
activity is superior to that of performing on a certain level of a functional 
test, such as the BBS. We argue that by improving the ability to perform 
ADL, the individual can achieve an increased level of physical activity just 
by performing the daily routines. Functional decline could be postponed 
by performing these activities, and therefore a remaining level of function 
could also be considered an improvement.  

Gait 
To have a “normal” gait, certain factors must be present and cooperative: 
the synergetic activation of muscles, and the abilities to stop and start, to 
alter stepping patterns, and to adapt to different settings (such as speeds 
and surfaces). Of the various gait outcomes measured in the Intervention 
study, almost only the variability measures returned significant 
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differences between baseline and after the intervention compared with 
the CG. This study demonstrated gait variability that was characteristic 
for individuals with stroke. The gait variability was quite large for several 
gait variables, such as step time, cycle time, double support time, and step 
length. There were no significant differences in step width in this 
Intervention study.  Since step width is a speed-dependent variable [115], 
a difference might not be expected as there was no change in velocity 
(Table 6). 
The median velocity of stroke patients in this Intervention study was 
comparable to healthy older people with no history of falls (1.0 m/s vs. 
1.03 m/s). The range, however, was much wider in the Intervention study 
(0.3 – 1.5 m/s vs. 0.8 – 1.2 m/s) [116]. There were also differences in step 
width and step length between healthy older individuals with no history 
of falls and our stroke patients at baseline. The median step-width 
difference was 22 mm (111 mm vs. 89 mm) for the paretic leg and 24 mm 
(114 mm vs. 89 mm) for the non paretic leg. The step width in the healthy 
controls was represented by the median step width of both left and right 
legs. The median difference in step length was approximately 16 cm (44.4 
cm vs. 60 cm) [116]. These figures clearly reflect the variability in stroke 
gait, a gait that is much more asymmetric than the “normal” gait in a 
similar but healthy population.  
The significant results for variability in this study could be clinically more 
important for some variables than others. The variations in step time for 
the paretic leg, for double support time for the non-paretic leg, and for 
cycle time for both paretic and non-paretic legs improved in the IG, while 
the CG increased their variabilities. These opposite results indicate the 
importance of rehabilitation for no further decline in gait after stroke. 
The significant decreases in step time and step length variability for the 
CG may be due to an outlier in the IG. To fully understand this, further 
analysis needs to be done. The lack of significant changes in the 
respective gait variables could be due to the short exercise duration; it 
would be easier to achieve a variability change before actual changes in 
the parameters are noticeable.  

FES-I 
Falls-efficacy improved both at the post-intervention assessments and at 
the three month follow-up for the IG compared to the CG. Living with 
fear of falling is very restrictive for a person. Fear of falling associated 
with activity restriction in an elderly population is an independent 
predictor of decline in physical function [117] and a strong association has 
been demonstrated between the FES-I and functional outcome four 
months after discharge from a geriatric setting [118]. 
The term self-efficacy could be explained by an individual's belief’s in 
their own ability to perform a specific behavior in a specific situation 
[119]. If applying self-efficacy to a situation from a fall risk perspective, 
the proper term to best describe this would be Falls-efficacy. Bandura 
(1994) originated what could be seen as a model of factors influencing 
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self-efficacy [119]. He suggested that people's beliefs in their efficacy are 
developed by four main sources of influence.  
 
They included: 
 

1. mastery experiences, e.g. previous experience of having managed 
the specific task. 

2. seeing people similar to oneself manage task demands 
successfully. 

3. social persuasion that one has the capabilities to succeed in given 
activities. 

4. inferences from somatic and emotional states indicative of 
personal strengths and vulnerabilities. 

 
All four of these components can be applied to our intervention program. 
By task-specific exercises and the implementation of them in to everyday 
situations that the individual experienced as difficult (from a fall risk 
perspective), the individual had the opportunity to practice and cope with 
these activities during the intervention program. By performing the 
intervention program in a group context, the possibility of seeing the 
other individuals successfully perform similar exercises and tasks could 
stimulate to achieve higher self-efficacy.  All sessions, both exercise and 
theoretical sessions were supervised by professionals such as physical 
therapists and occupational therapists. The ability to perform exercises 
and activities under their supervision and encouraging feedback could be 
referred to the influence of social persuasion. The individuals’ somatic 
and emotional experience of performing the exercises and activities could 
enhance self-efficacy. However, this is a two-way relationship; a negative 
experience could as well influence a decreased self-efficacy.  

A decreased score (indicating improvement) on the FES-I should in turn 
lead to an increase in physical function, which is supported by our results. 
The FES-I results are in concordance with the performance of daily life 
activities results and the results of reduced variability in gait in our 
intervention program. If the fear of falling is diminished or reduced, then 
a higher level of performing activities would be predicted. When 
performing more activities, the experience of completing the activity 
strengthens the individual’s efficacy and also provides an unconscious 
exercise effect.  
The gait improvements are strengthened clinically by results from the 
FES-I, in which IG members more positively estimated their ability to 
carry out various activities without fear of falling than CG members. A 
previous study showed that fear of falling influenced spatial and temporal 
gait parameter changes in older people more than the ageing process 
itself [120]. With a more secure gait the individuals own feeling of 
increased security would tend to reflect on the falls-efficacy. 
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Falls 
During the validation of the Fall Risk Index, a modification of the 
previously developed index was performed. In this modified Fall Risk 
Index, the third and last item became male sex, a finding that seems 
contrary to previous investigations regarding individuals who fall; 
however, the existing evidence is inconclusive. Our observation, 
supported by a previous study [121], could be due to the fact that gender 
itself is not the key issue. Risky behavior by the men may be the risk 
factor, not the actual sex. How to measure this? The critical feature of this 
behavior may be difficulty in self-assessment of restriction in ability. This 
hypothesis is an interesting speculation on the nature of falls, and is 
appropriate for further research. 

HRQoL and Depression 
HRQoL after stroke is an important element that requires further 
examination in stroke rehabilitation studies. Depression is known to have 
a negative effect on rehabilitation in general [122, 123]. Several studies 
have evaluated function and activity outcomes in terms of balance, 
strength, ADL, etc. Indeed, post-stroke quality of life did not improve in 
the Canadian population between 1996 and 2005 [124], even though 
medical management has improved and there are no signs that Canada’s 
outcome should be different from other western countries.  
One method for improving our knowledge of HRQoL is to evaluate the 
various exercise rehabilitation approaches present today for their effect 
on HRQoL. Our goal was to evaluate a high-intensity exercise program 
for several areas of interest for the rehabilitation process. The program 
was primarily designed for physical outcomes, but we intended to 
evaluate other areas as well. 
Disability and post-stroke depression are consistent determinants of 
HRQoL [125]. The lack of significant HRQoL changes in the IG could be 
due to the fact that the participants in this study did not exhibit signs of 
depression. Perhaps the degree of disability was too high in our study 
population, even though they were at risk for fall. There were no 
significant differences in depression between the two groups, but the CG 
tended to have a slightly higher score (more negative) on the GDS-15 at 
all assessments. Depression has a more substantial effect on HRQoL than 
functional disabilities [126], which may explain the significant SF-36 
results in favor of the CG. Group discussions may also have been critical; 
the CG did not discuss falls and safety arrangement, instead focusing on 
managing hidden post-stroke dysfunctions. Perhaps this content fits the 
HRQoL outcome better. Separate analysis of the discussion sessions may 
lead to an elucidation of this relationship.  
 
When evaluating the significant results from the Intervention study, it is 
obvious that a connection exists between the outcome measures. A 
positive cycle seems to have been established, given the improvement 
after intervention in ADL, gait, and the FES-I. When the individual 
experiences a higher capacity in gait and a more secure gait, the falls-
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efficacy increases. With the increase in falls-efficacy, ADL becomes more 
feasible, and the individual’s ADL increase. This activity renders an 
exercise effect that hopefully generates a continuum of achieved levels of 
function and activity. 

Methodological considerations 
The Intervention study was planned with the previously identified fall 
risk factors and modified fall risk index in mind. When we planned for 
the Intervention trial, we took into account the latest published evidence 
on exercise and duration, as well as the recommendations from the 
American College of Sports and Medicine and the American Heart 
Association. The underlying motivation for this Intervention study was 
that by making the training as task-specific as possible through use of 
everyday activities, we would bring about a training situation in which 
individuals remained at their entrenched level of function and activity. 
The possibility of a carry-over effect from the PT training sessions to the 
everyday life at home, and compliance with the home-based exercises, 
would increase. 
 
We chose the five-week duration, instead of a longer period of time (8-12 
weeks), because a five-week program should be easy to incorporate in 
most clinical settings. We reached a longer period of cohesive training by 
adding a home-based exercise program to the original high-intensity 
exercise program. Home-based rehabilitation for stroke patients has 
proven to be effective, and has been incorporated in the Swedish national 
stroke care guidelines for medically stable patients with mild to moderate 
impairments [41]. The compliance to our home-based exercises also 
supports the feasibility of this rehabilitation approach.  
 
Although the inclusion criteria was >55 years of age, the mean age in the 
Intervention study was almost 80 years. This is a very representative 
mean age for persons with stroke since most of those who suffer from 
stroke are in this age bracket. However, with our inclusion criteria one 
could perhaps have suspected a somewhat lower mean age in this study. 
The youngest person included in the Intervention study was 60 years of 
age.  
 
When the lack of an effect on balance was discovered, as measured with 
the BBS, we realized we needed to reflect on whether the BBS was a 
sound instrument to use in this setting. The BBS is an often-used 
instrument in stroke rehabilitation, and it has been used in many 
previous intervention studies. However, the BBS exhibits some ceiling 
effects, leading us to suspect that a different instrument may have 
provided different results [127]. Other possible instruments included the 
postural stability sub-scale of the Fugl-Meyer test [74] and the Postural 
Assessment Scale for Stroke Patients (PASS) [128].  
The postural stability sub-scale was used in the Fall Risk Index and thus 
was also present in this study. However, the BBS evaluates balance in 
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normal ADL such as chair stands and transfers, and therefore is 
considered to be superior for this study. The BBS is also a widely used 
instrument among Swedish PTs, particularly in stroke and geriatric 
settings. The PASS is the most recent instrument of the three mentioned, 
developed by Benaim et al in 2002 [128]. They adapted items from the 
Fugl-Meyer test and developed a new scale for measuring balance 
function in stroke patients. In an analysis and comparison of the 
psychometric properties of these three balance measures, all provided 
acceptable levels of reliability, validity, and responsiveness. However, the 
PASS instrument demonstrated slightly better psychometric 
characteristics than the other two measures [129]. 
Other outcome measures of HRQoL, such as the Stroke Impact Scale 
(SIS) [130] or the Health-related Quality of Life In Stroke Patients 
(HRQoLISP) [131], could have been used in this study. We choose SF-36 
because our study population had a mean age of 79 years and a co-
morbidity of other illnesses. It would therefore have been difficult to 
ensure the origin of the symptoms. The SIS and the HRQoLISP are 
disease-specific instruments compared to the SF-36, a generic instrument 
for the evaluation of general health and HRQoL. The SF-36 is also a 
widely used instrument in research, and could therefore be used for 
comparing our results with several other HRQoL studies.  
 
Power calculations revealed that 34 study participants would be 
necessary for significant detection of a five-point improvement on the 
BBS. Our intention was to include at least 25 individuals in each group to 
preserve power even if drop-outs and missing values occurred during the 
follow-ups and assessments. This goal was not achieved, since almost half 
of those eligible for inclusion in the study declined to participate.  
A power calculation should have been made for the secondary and 
tertiary outcome measures, which would have provided estimates of how 
many individuals were necessary to achieve a reasonable power for all 
outcome measures. However, with the present inclusion criteria, it would 
have been difficult to identify additional potential participants during this 
short inclusion time (three separate three-month periods).  
The power calculation was made for the BBS effect; the lack of an effect 
on balance may reflect insufficient targeting of the intervention to an at-
risk group. Wider inclusion criteria may have solved this problem. The 
reason for not including independently ambulatory participants (able to 
walk outside independent of walking devices or assistance from another 
person) was that we did not consider them to be at the same fall risk as 
the presently included individuals. A larger impression may have been 
made by including individuals with a more limited ability to walk. We set 
the limit of the ability to walk at 10 m with or without a walking device.  
Perhaps we could have added “or with the assistance of another person” 
or maybe include individuals bound to a wheelchair to that criterion to 
include more individuals. To find individuals with a walking capacity but 
still in a wheelchair would have been harder to identify but not 
impossible.  
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Unfortunately, the repeated measure statistics only calculated complete 
datasets, and thus the participants with data from two assessments were 
not included in the final analysis. If the statistical analysis included the 
data from these participants for as long as they participated in the study, 
the possibility of an intention-to treat approach could have been 
evaluated. An alternative approach would have been to analyze the data 
with another statistical approach, such as ANOVA. 
The blinding of the assessment staff to group allocation was successful. 
Baseline measurements were taken before the randomization took place, 
and therefore there was no risk of revealing the group allocations. At the 
post-intervention follow-up, the three-month follow-up, and the six-
month follow-up, the participants were instructed repeatedly not to 
reveal anything that could render a suspicion on group allocation to the 
assessment staff. The staff was instructed to fill out an incidence report if 
they believed they had revealed the participants’ group allocation. One 
incidence report was filed, and the suspicion was false. 
The participants were enrolled and randomized three to six months after 
their stroke. Most spontaneous recovery occurs within the first six 
months [132]. This time point was chosen to allow the first spontaneous 
recovery to occur, for the participants to have enough time to experience 
their own everyday situations at home, and to permit reflection on the 
everyday situation with its possible problems [132]. 

Limitations 
The Intervention study was very small (34 participants), even though we 
attempted to include individuals during three different enrollment 
periods. This situation resulted in loss of power very soon after the 
intervention started, due to dropouts. Twenty-seven of the eligible 
individuals declined participation, and the main reason given was a 
feeling of fatigue. Another limitation in the study was that one repetition 
maximum [133] was not estimated and tested. This calculation would 
have made the exercise level descriptions more clear, and would have 
made possible the evaluation of the size of potential strength increase. 

Fatigue is not present as an outcome in this Intervention study. Stroke 
patients are known to experience fatigue, and the main reason given for 
non-participation in this study was the occurrence of fatigue. If fatigue 
had been incorporated as an outcome measure, it would have been 
possible to describe the study population in relation to the stroke 
population in general regarding fatigue. While we currently believe that 
our study group was overall composed of more alert individuals, this 
might not be the true reality.  
There are limitations with the registration of gait variables on the 
electronic walkway. We instructed our participants to walk in two 
different self-selected speeds, normal and maximal. However, this 
strategy was not sufficient to achieve overlapping speeds among the three 
assessments (baseline/post-intervention follow-up/3-month follow-up). 
Five individuals (15%) were thereby excluded from the gait analysis. A 
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total of nine individuals (28%) were excluded when adding the 
individuals that did not complete the follow-up. 

Strengths 
This study was a single-center, single-blinded, randomized, controlled 
trial. The study protocol and all the outcomes measured in this study 
were pre-specified and registered in advance at 
http://www.clinicaltrial.gov/ (NCT00377689). We planned the study 
using the current best evidence on rehabilitation techniques, and 
incorporated them to the best of our abilities in a setting that should be 
easy to transfer to a clinical rehabilitation setting. 

EH was responsible for most of the planning, logistics, and analyses in 
the Intervention study, enhancing the study reliability. 
 
When evaluating all the significant results from the Intervention study it 
is obvious that a connection can be noticed between these outcome 
measures. With an improvement after intervention within ADL, gait and 
the FES-I it could be described as a positive cycle. When the individual 
experiences a higher capacity in gait, a more secure gait, the falls-efficacy 
increases. With the increase in falls-efficacy, the activities in daily living 
becomes more feasible and the individual’s activity in ADL increases. This 
activity renders an exercise effect which hopefully generates a continuum 
of the achieved level of function/activity. 

  

http://www.clinicaltrial.gov/
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Clinical implications 

A high intensive exercise program after stroke is feasible for individuals 
aged ≥ 55 years three to six months after stroke onset. 
 
Important fall risk factors can be impacted even with a duration of only 
five weeks, which should be easy to incorporate in a clinical setting.  
Adding the home-based rehabilitation exercises after the intervention 
program is an option to extend the intervention. 
 
ADL, gait, and FES-I are responsive to change after a high-intensity 
exercise program. 
 
To achieve changes in HRQoL measures, the discussion sessions should 
include hidden post-stroke dysfunctions along with the physical themes 
such as fall risk and safety arrangements. 
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CONCLUSION 

The high intensive exercise program positively affects several previously 
identified fall risk factors, 
 

 improving activities of daily living,  

 diminishing variability in gait, and  

 improving falls-efficacy.  
 
These results are achieved by requiring task-specific exercises, 
implementing the exercises in real life situations for five weeks, and 
adding a home-based exercise program.  
 
The results from the present papers contribute to the quest for the most 
effective fall risk-preventive intervention. 
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Appendix I 

Intervention program 
Individuals in each group participated in a five-week structured program 
with assessments at baseline, post-intervention, three-month follow up 
and six-month follow-up. 
 
Intervention Group Program 
The Intervention Group (IG) received seven sessions per week for five 
weeks, divided over three days (Monday/Wednesday/Friday). A total of 
30 exercise sessions and five educational sessions were attended over 
these five weeks, adding up to a total of 35 sessions. The exercise sessions 
were six per week, two each day, for approximately 45 minutes. A one-
hour educational discussion session occurred one day each week. The 
overall focus of the discussions was physical activity and functional 
performance. The intervention exercises at the first daily session were 
based on the High-Intensity Functional Exercise (HIFE) Program [103, 
105, 134], in order to improve the individuals’ lower-limb strength, 
balance, and gait. The HIFE Program is based on exercising in functional 
weight-bearing positions. The program includes lower-limb strength 
(chair stand) and balance exercises (weight shifting outside support 
surface), in standing (knee bend) and walking (obstacle crossing course) 
[103]. By “high intensity,” the program states that the strength exercises 
comprised at least two sets of exercises with 8-12 repetitions (maximum), 
the balance exercises were close to the participants’ balance maximum, 
and the participant did not rest more than necessary [104]. The 
maximum was determined by the participants’ experienced exertion in 
performing the exercise for the first time. When the individuals increased 
their lower limb strength and/or balance, the exercises were made 
progressively more intense by increasing the load of resistance training, 
using a weight belt with more weights or increasing the range of motion 
(in knee bends, single leg squats, or step-ups). 

In the Intervention program, all participants were required to describe 
their experienced and perceived problems at study start, and these 
comments were included in the rehabilitation plan. A home visit was 
conducted by a physiotherapist (PT) and an occupational therapist (OT) 
at the start of the program. This visit was to determine each subject’s 
ability (or inability) to perform activities of daily living (ADL) and lifestyle 
activities, and to experience the subject’s daily difficulties in the pertinent 
environment. All HIFE and implementation activities were 
individualized, based on the home visit, and tailor-made for each 
participant before the first day of the study. The HIFE Program contains 
instructions on how to choose the level of exercises from each 
participant’s capacity [103, 105]. 
 
Each day, the sessions began with a training session of individualized 
HIFE for strength and balance [103, 105, 134]. All exercises were 
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performed in weight-bearing positions. The HIFE session was followed by 
a 30-minute break with refreshments. The second daily session contained 
one hour of translation of the previously performed weight-bearing 
exercises into real-life situations, such as transfers, walking on stairs, 
walking outdoors, vacuuming, and shoveling snow.  
 
If possible, all exercises were performed at a high intensity by each 
subject. To estimate the general level of intensity (in this program, 
perceived exertion) of the HIFE, the participants rated their perceived 
exertion according to the Borg RPE Scale at each training session [80, 
81]. This scale ranges from 6 to 20 points, where 6 points represent no 
exertion at all and 20 points represent maximal exertion. The intensity 
level of the exercises was also monitored throughout the five-week 
intervention program by the RPE. In addition to the instructions of the 
HIFE Program, the intensity level of the exercises was regulated and 
made progressively more difficult/strenuous if the participants rated 
their perceived exertion lower than 15. To be able to rate the local 
exertion of the lower limb muscles, the perceived exertions of lower limb 
muscles (strength and balance exercises) were measured on a separate 
scale (1 = high, 2 = medium, and 3 = low exertion). The perceived 
exertion was rated at each exercise session, in combination with 
performing the exercises. 
 
In addition, one day each week there was a one-hour educational 
discussion session. This discussion was focused on the increased risks of 
falls as a complication after stroke. Two PTs led the IG’s training sessions, 
and the educational sessions were led by one PT and one OT.  
The following topics were covered in the educational discussions: 
 
1. Stroke and fall risk, factors affecting; 
2. Aids at home / housing adjustment / adaption; 
3. Fear of falling in connection with activities; 
4. Strategies for transfers / activities; 
5. Summary of topics 1-4. 
 
During the last week of intervention, an individualized home exercise 
program was designed by the PT for each subject in the IG. This program 
consisted of a maximum of three different exercises that were based on 
the individual’s difficulties in performing different activities. The exercise 
intensities should be easy to adjust so that they could be modified as the 
subject progressed. The instructions were to perform this home exercise 
program three times a week at least until the three-month follow-up.  
 
A journal for each IG and CG member was filled out by the care providers 
in each group. The IG contained information about all the chosen 
exercises, number of exercises, level of exercises, and the participants’ 
feeling of exertion during the different exercises. 
Control Group Program  
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The Control Group (CG) program consisted of group discussion about 
non-obvious post-stroke dysfunctions and how to manage these 
difficulties. An educational discussion group together with an OT met 
once a week for one hour during the five weeks. A new subject was 
addressed each week. The OT led each discussion and held a short 
introduction to each subject. The discussion then took place among the 
participants, who related their own experiences on the subject. They 
exchanged experiences and tips on how you can overcome any problems 
or obstacles related to the stroke and the subject of the day. 
The following subjects were covered: 
 
1. What happens to the body after a stroke? 
2. Living with difficulties in perceiving one's body; 
3. Depression, mood swings, and personality changes; 
4. Difficulty in eating and drinking; 
5. Summary of 1-4. 
 
There was no special focus on the risk of falling in the CG discussion. 
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Appendix II 

Example of home based rehabilitation program 
 

1. 2. 3.  
 
 
 

Exercise 1: Nordic walking. 
Walk outdoors at a fast pace. 
Expand the number of walks per week when you feel able to do more. 
 
Exercise 2: Split squat step.  
Change the forward leg every two steps. Take a big step forward with one 
leg, bend at the knee, then return to the starting position. Repeat with the 
other leg, take a big step forward and bend at the knee. Repeat 20 times. 
To make the exercise more demanding, wear a weighted backpack or 
increase the number of repetitions/leg. 
 
Exercise 3: Stand-ups in walking position. 
Rise from a chair with one foot a bit ahead of the other. Repeat 12 times 
and then change the front foot. Repeat each side 12 times. To make the 
exercise more demanding, wear a weighted backpack or increase the 
number of repetitions/leg. 



Acknowledgements 
  

64 
 

ACKNOWLEDGEMENTS 

This thesis has taken just over six years to produce. An incredible amount 
of people has affected it, and that is, in all possible directions. You have 
all been, and still are, very important to me, both as colleagues and as 
friends.  
I cannot thank you all enough, but I would especially wish to thank: 
 

Per Wester, my main supervisor, for taken me in under your wings 
when the goin’ got tough! You have a great part in this thesis and its 
articles. You have pushed me forward, gentle but firm. Thank you for 
always taking the time to answer my strange emails (no matter time or 
day of the week) and confused thoughts. For leading me back on the right 
track when I was out wandering… We’ve had many laughs and I have 
definitely enjoyed your friendship as well as your companionship. 
 
Gunilla Gosman-Hedström, my co-supervisor, for your endless 
positive support. You have been by my side since the first days of my 
PhD-studies. Little did I know, when you were “assigned” to me in 
January of 2004 that we would “hit-it-off” as well as we have. You have 
been a tremendous support for me, always giving me a thoughtful word 
on the way. Your first 5,5 years as my co-supervisor were pretty 
peaceful… just to accelerate about a 100% these last 6-8 months! You 
have done a fantastic job, always accurate and careful in your comments, 
leaving nothing behind. I hope we will continue our colleague- and 
friendship in the future. 
 
Britta Lindström, also my co-supervisor, for excellent advices and 
encouragement. You stepped up and joined my “squad” two years ago. I 
am so grateful for that, your energy is enormous and it sometime passed 
over to me!  Your valuable and never-ending advices on the 
Physiotherapy ingredient of this thesis have been worth a lot to me.  
 
Gunnevi Sundelin, my “main boss”, for your great leadership and 
support during my time as a PhD-student. You have been supporting me 
since day one and no matter how much you had on your agenda, always 
took the time to listen.  You are unquestionably an inspiration to me and 
my “best-boss-ever”! 
 
My head colleagues at Vårdalinstitutet, the Swedish Institute for Health 
Sciences; IngaLill Rahm Hallberg, for believing in me and my project 
and giving me the opportunity to take part of the national PhD-program 
of Vårdalinstitutet. Also for your incredible ability to give all of “your” 
PhD-students the time and attention which we so desperately sometimes 
need. Sölve Elmståhl, for also believing in my project and me in 
2003/2004. Synneve Dahlin-Ivanoff, Anna-Karin Edberg and 



Acknowledgements 
  

65 
 

Henrik Rahm, the heads of the research platform of elderly care for 
your fantastic work with the platform and for all the fantastic workshops 
that has help produce many great articles and even more great laughs and 
friendships! I already miss you and these workshops!  Björn Carlqvist, 
Edith Andersson and the rest of the staff at Vårdalinstitutet. You 
do an excellent work! 
 
My PhD colleagues at Umeå University, especially Marlene Sandlund, 
Solveig Arnadottir, Tanja Janaudis Ferreira, Mattias Hedlund, 
Gunilla Stenberg and Eva Tengman, for sharing difficulties and 
making this time “bearable” and at the same time stimulating and fun. 
 
My PhD colleagues at Vårdalinstitutet, the research platform of 
elderly care: Ingela Steij Stålbrand, Lena Zidén, Anna Condelius 
and Henna Hasson, for all the giggles and cackles and all the laughs! 
For being there in good times and in worse times, for all support and 
advice on important and non-important issues! 
 
Monica Edström, for being you! What would I have done without you… 
Your endless good spirit and excellent professional skills are 
irreplaceable.  
 
Marie Blomqvist-Larsson, for your support in all kinds of 
practicalities and your warm friendship. 
 
Larry Fredriksson, for your endless express support with my 
computers!  
 
Lillemor Lundin-Olsson, for perhaps seeing some potential in me 
already in the summer of 2001! Without that summer scholarship, I 
would probably not have written this thesis! Also thank you for being 
there and answering my sometimes a bit desperate door knocks about all 
kinds of scientific questions. Your support and sometimes difficult 
questions has meant a lot to me. Thank you! 
 
Ellinor Nordin, co-author and previous PhD-colleague, for inspiration 
and great advices in different scientific dilemmas and for your exhilarant 
emails.  
 
Erik Rosendahl & Håkan Littbrand & Nina Lindelöf, 
physiotherapy colleagues and creators of HIFE, thank you for your 
exceptional professional skills and competence and for your support with 
HIFE in the creating of my intervention program and when writing this 
thesis. 
 
All my fellow colleagues in the Intervention study; Rolf Backlund, 
Monica Edström, Millan Hällgren, Stina Olofsson, Annelie 
Selling, Mats Bergström, Lena Sjölund, Josefine Croxatto and 
Katarina Klingberg, for your contributions in the Intervention study 



Acknowledgements 
  

66 
 

with your knowledge and professionals skills. I could not have done it 
without you! 
 
All the participants in the Intervention study, for your 
participation in the study, this thesis could not have been written without 
you! 
  
Anders Lundqvist, my “own” statistical guru, for your patience with 
ALL of my questions again and again and again… You are incredible; I 
could not have done this work without you, who else would have put up 
with me? 
 
Karin Wadell, physiotherapy colleague and my “sponsor” in my early 
days as a PhD-student, for your for your never ending ability to care for 
me and my work situation. You have been and are a source of inspiration! 
I treasure you as a colleague and even more as a friend. 
 
Charlotte Lewis, physiotherapy colleague and former PhD-student, for 
all our discussions and laughs and sharing my view on so many things, in 
both work and socially. I miss you and I hope that we will work together 
again in the future sometime. Perhaps we could sing some songs? ;) 
 
My colleagues in “my work-environment group”; Marie Blomqvist 
Larsson, Christina Lindberg, Monica Edström, Karin Wadell, 
Lotta Lewis, Marlene Sandlund and Ellinor Nordin, for all our 
nice “fika” and chats about everything BUT work! 
 
Karin Gladh, for your administrative support and friendship! What you 
don’t know, is not worth knowing!  
 
Yngve Gustafson & Lars Nyberg, co-authors & former supervisor, for 
inspiring me to jump on the PhD-express seven years ago. You made me 
believe that I could do it, and to my surprise, I could! 
 
Jenny Röding, physiotherapy colleague and former PhD-student, for 
being there as a colleague and friend and sharing so many important 
things in life (supervisors, mobile phones etc etc. U know what I mean 
girl…) even if we almost never see each other.  
 
All my colleagues at the department of Community medicine & 
rehabilitation/Physiotherapy and especially Marjatta Boberg, 
without you I would never have started my education to a physiotherapist 
in Umeå; Karin Westman,  for your wonderful spirit and warm hugs; 
Jane Jensen, for involving me in teaching when I had the time; 
Kerstin Söderman, for stimulating chats about physiotherapy and 
sports medicine. 
 
All colleagues at the section of Occupational Therapy, for all the 
uplifting moments in the coffee room. 



Acknowledgements 
  

67 
 

The staff at House Service, for your incredible help with everything, 
from copying paper to the lending of video cameras and support in all 
kinds of technical matters! 
 
My family; my parents Marita and Roger, my sister Erika, my 
grandmother Ella  and my late grandmother Wilma (oh, how I wanted 
you to share this day with me!); You all mean so much to me, I love you 
and I can’t tell you that enough. 
 
My extended family; my mother- and father-in-law Ulla and Lennart, 
my sister-in-law Anna and her children, Klara & Axel for all of your 
support and warm feelings.  
 
All my friends, your friendship encourages me and you inspire me 
more than you know. 

 
At last, but definitely not least, I've had a fantastic job, I have really 
enjoyed it. But a job is what it has been, “only” a job. I have also had six 
wonderful years of life on the "other side". This is thanks to my ever so 
much-loved husband, Fredrik and my two amazing daughters, 
Lova & Molly and the little “mini-person” in my tummy! 
I love you so much, and I know that I could not have done this without 
you! You are the absolute most important and central thing in my life, you 
always have been and you always will be! I love you! 
 



References 
 

68 
 

REFERENCES 

1. WHO. International Classification of Functioning, Disability and 
Health; ICF. Geneva: World Health Organization; 2001. 

2. Lach HW, Reed AT, Arfken CL, Miller JP, Paige GD, Birge SJ, et 
al. Falls in the elderly - Reliability of a classification system. J Am 
Geriatr Soc. 1991;39(2):197-202. 

3. Ashburn A, Hyndman D, Pickering R, Yardley L, Harris S. 
Predicting people with stroke at risk of falls. Age Ageing. 
2008;37(3):270-6. 

4. Cheng P, Liaw M, Wong M, Tang F, Lee M, Lin P. The sit-to-
stand movement in stroke patients and its correlation with 
falling. Arch Phys Med Rehabil. 1998;79(9):1043-6. 

5. Cheng P, Wu S, Liaw M, Wong A, Tang F. Symmetrical body-
weight distribution training in stroke patients and its effect on 
fall prevention. Arch Phys Med Rehabil. 2001;82(12):1650-4. 

6. Divani AA, Vazquez G, Barrett AM, Asadollahi M, Luft AR. Risk 
Factors Associated With Injury Attributable to Falling Among 
Elderly Population With History of Stroke. Stroke. 
2009;40(10):3286-92. 

7. Jørgensen L, Engstad T, Jacobsen B. Higher incidence of falls in 
long-term stroke survivors than in population controls: 
depressive symptoms predict falls after stroke. Stroke. 
2002;33(2):542-7. 

8. Mackintosh SF, Hill KD, Dodd KJ, Goldie PA, Culham EG. 
Balance score and a history of falls in hospital predict recurrent 
falls in the 6 months following stroke rehabilitation. Arch Phys 
Med Rehabil. 2006;87(12):1583-9. 

9. Mayo N, Korner-Bitensky N, Kaizer F. Relationship between 
response time and falls among stroke patients undergoing 
physical rehabilitation. Int J Rehabil Res. 1990;13(1):47-55. 

10. Mayo N, Korner-Bitensky N, Levy A. Risk factors for fractures 
due to falls. Arch Phys Med Rehabil. 1993;74(9):917-21. 

11. Sackley C. Falls, sway, and symmetry of weight-bearing after 
stroke. Int Disabil Stud. 1991;13(1):1-4. 

12. Teasell R, McRae M, Foley N, Bhardwaj A. The incidence and 
consequences of falls in stroke patients during inpatient 
rehabilitation: factors associated with high risk. Arch Phys Med 
Rehabil. 2002;83(3):329-33. 

13. Ugur C, Gücüyener D, Uzuner N, Ozkan S, Ozdemir G. 
Characteristics of falling in patients with stroke. J Neurol 
Neurosurg Psych. 2000;69(5):649-51. 

14. Räddningsverket. Olyckor i siffror. Karlstad; 2007. 
15. Swedish Civil Contingencies Agency. Fallolyckor bland äldre - 

Samhällets direkta kostnader. Swedish Civil Contingencies 
Agency; 2000. 



References 
 

69 
 

16. OECD. Emerging systemic risks in the 21st century: an agenda 
for action. Paris: OECD Publishing; 2003. 

17. Forster A, Young J. Incidence and consequences of falls due to 
stroke: a systematic inquiry. BMJ. 1995;311(6997):83-6. 

18. Tutuarima JA, de Haan RJ, Limburg M. Number of nursing staff 
and falls: a case-control study on falls by stroke patients in acute-
care settings. J Adv Nurs. 1993;18(7):1101-5. 

19. Kumar S, Selim MH, Caplan LR. Medical complications after 
stroke. Lancet Neurol;9(1):105-18. 

20. Ramnemark A, Nyberg L, Borssén B, Olsson T, Gustafson Y. 
Fractures after stroke. Osteoporos Int. 1998;8(1):92-5. 

21. Nyberg L, Gustafson Y. Patient falls in stroke rehabilitation. A 
challenge to rehabilitation strategies. Stroke. 1995;26(5):838-42. 

22. Tutuarima JA, van der Meulen JH, de Haan RJ, van Straten A, 
Limburg M. Risk factors for falls of hospitalized stroke patients. 
Stroke. 1997;28(2):297-301. 

23. Nyberg L, Gustafson Y. Fall prediction index for patients in 
stroke rehabilitation. Stroke. 1997;28(4):716-21. 

24. RIKS-Stroke. Annual Report.; 2008. 
25. WHO. Fact Sheet: The top Ten Causes of Death. The WHO Media 

Center.; 2004. 
26. Truelsen T, Piechowski-Jozwiak B, Bonita R, Mathers C, 

Bogousslavsky J, Boysen G. Stroke incidence and prevalence in 
Europe: a review of available data. Eur J Neurol. 2006;13(6):581-
98. 

27. Official Health Statistics. The Swedish National Board of Health 
and Welfare. 2008. 

28. Indredavik B, Rohweder G, Naalsund E, Lydersen S. Medical 
complications in a comprehensive stroke unit and an early 
supported discharge service. Stroke. 2008;39(2):414-20. 

29. Axer H, Axer M, Sauer H, Witte OW, Hagemann G. Falls and gait 
disorders in geriatric neurology. Clin Neurol Neurosurg. 
2010;112(4):265-74. 

30. Downton J. Falls in the elderly. London: Edvard Arnold; 1993. 
31. Oliver D, Britton M, Seed P, Martin FC, Hopper AH. 

Development and evaluation of evidence based risk assessment 
tool (STRATIFY) to predict which elderly inpatients will fall: 
case-control and cohort studies. BMJ. 1997;315(7115):1049-53. 

32. Vassallo M, Poynter L, Sharma JC, Kwan J, Allen SC. Fall risk-
assessment tools compared with clinical judgment: an evaluation 
in a rehabilitation ward. Age Ageing. 2008;37(3):277-81. 

33. Nordin E, Lindelof N, Rosendahl E, Jensen J, Lundin-Olsson L. 
Prognostic validity of the Timed Up-and-Go test, a modified Get-
Up-and-Go test, staff's global judgement and fall history in 
evaluating fall risk in residential care facilities. Age Ageing. 
2008;37(4):442-8. 

34. Hyndman D, Ashburn A. People with stroke living in the 
community: Attention deficits, balance, ADL ability and falls. 
Disabil Rehabil. 2003;25(15):817-22. 



References 
 

70 
 

35. Hyndman D, Ashburn A, Yardley L, Stack E. Interference 
between balance, gait and cognitive task performance among 
people with stroke living in the community. Disabil Rehabil. 
2006;28(13-14):849-56. 

36. Mackintosh SF, Hill KD, Dodd KJ, Goldie PA, Culham EG. 
Balance score and a history of falls in hospital predict recurrent 
falls in the 6 months following stroke rehabilitation. Arch Phys 
Med Rehabil. 2006;87(12):1583-9. 

37. Belgen B, Beninato M, Sullivan PE, Narielwalla K. The 
association of balance capacity and falls self-efficacy with history 
of falling in community-dwelling people with chronic stroke. 
Arch Phys Med Rehabil. 2006;87(4):554-61. 

38. http://www.who.int/topics/rehabilitation/en/. World Health 
Organization; 2010. 

39. Dewey HM, Sherry LJ, Collier JM. Stroke rehabilitation 2007: 
what should it be? Int J Stroke. 2007;2(3):191-200. 

40. Quinn TJ, Paolucci S, Sunnerhagen KS, Sivenius J, Walker MF, 
Toni D, et al. Evidence-based stroke rehabilitation: An expanded 
guidance from the European Stroke Organisation (ESO) 
Guidelines for management of ischaemic stroke and transient 
ischaemic attack 2008. J Rehabil Med. 2009;41(2):99-111. 

41. National guidelines for stroke rehabilitation In: The National 
Board of Health and Welfare. Västerås: Edit Västra Aros; 2009. 

42. Shumway-Cook A, Woollacott M. Motor Control, translating 
resarch into clinical practice. Third edition ed. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2007. 

43. Paterson DH, Govindasamy D, Vidmar M, Cunningham DA, 
Koval JJ. Longitudinal study of determinants of dependence in 
an elderly population. J Am Geriatr Soc. 2004;52(10):1632-8. 

44. Paterson D, Jones G, Rice C. Ageing and physical activity: 
evidence to develop exercise recommendations for older adults. 
Appl. Physiol. Nutr. Metab. 2007;32(Suppl. 2E):S69–S108. 

45. Latham NK, Bennett DA, Stretton CM, Anderson CS. Systematic 
review of progressive resistance strength training in older adults. 
J Gerontol A Biol Sci Med Sci. 2004;59(1):48-61. 

46. Gillespie L, Gillespie W, Robertson M, Lamb S, Cumming R, 
Rowe B. Interventions for preventing falls in elderly people. 
Cochrane Database Syst Rev. 2003(4):CD000340. 

47. Vogel T, Brechat PH, Lepretre PM, Kaltenbach G, Berthel M, 
Lonsdorfer J. Health benefits of physical activity in older 
patients: a review. Int J Clin Pract. 2009;63(2):303-20. 

48. Chodzko-Zajko WJ, Proctor DN, Singh MAF, Minson CT, Nigg 
CR, Salem GJ, et al. Exercise and Physical Activity for Older 
Adults. Medicine and Science in Sports and Exercise. 
2009;41(7):1510-30. 

49. Saunders DH, Greig CA, Mead GE, Young A. Physical fitness 
training for stroke patients. Cochrane Database of Systematic 
Reviews. 2009(4). 

http://www.who.int/topics/rehabilitation/en/


References 
 

71 
 

50. Lee MJ, Kilbreath SL, Singh MF, Zeman B, Davis GM. Effect of 
Progressive Resistance Training on Muscle Performance after 
Chronic Stroke. Medicine and Science in Sports and Exercise. 
2010;42(1):23-34. 

51. Langhorne P, Coupar F, Pollock A. Motor recovery after stroke: a 
systematic review. Lancet Neurol. 2009;8(8):741-54. 

52. Ada L, Dorsch S, Canning CG. Strengthening interventions 
increase strength and improve activity after stroke: a systematic 
review. Aust J Physiother. 2006;52(4):241-8. 

53. Van Peppen RP, Kwakkel G, Wood-Dauphinee S, Hendriks HJ, 
Van der Wees PJ, Dekker J. The impact of physical therapy on 
functional outcomes after stroke: what's the evidence? Clin 
Rehabil. 2004;18(8):833-62. 

54. Salter K, Jutai J, Hartley M, Foley N, Bhogal S, Bayona N, et al. 
Impact of early vs delayed admission to rehabilitation on 
functional outcomes in persons with stroke. J Rehabil Med. 
2006;38(2):113-7. 

55. Paolucci S, Antonucci G, Grasso MG, Morelli D, Troisi E, Coiro P, 
et al. Early versus delayed inpatient stroke rehabilitation: a 
matched comparison conducted in Italy. Arch Phys Med Rehabil. 
2000;81(6):695-700. 

56. Bernhardt J, Dewey H, Thrift A, Collier J, Donnan G. A very early 
rehabilitation trial for stroke (AVERT): phase II safety and 
feasibility. Stroke. 2008;39(2):390-6. 

57. Horn SD, DeJong G, Smout RJ, Gassaway J, James R, Conroy B. 
Stroke rehabilitation patients, practice, and outcomes: Is earlier 
and more aggressive therapy better? Arch Phys Med Rehabil. 
2005;86(12):S101-S14. 

58. Kalra L. Stroke rehabilitation 2009: old chestnuts and new 
insights. Stroke. 2010;41(2):e88-90. 

59. Cramer SC. Repairing the human brain after stroke: I. 
Mechanisms of spontaneous recovery. Annals of Neurology. 
2008;63(3):272-87. 

60. Physical activity and public health in older adults: 
Recommendation from the American college of Sports Medicine 
and the American Heart Association (ACSM/AHA). Geriatric 
Nursing. 2007;28(6):339-40. 

61. Shepherd RB. Exercise and training to optimize functional motor 
performance in stroke: driving neural reorganization? Neural 
Plast. 2001;8(1-2):121-9. 

62. Vearrier LA, Langan J, Shumway-Cook A, Woollacott M. An 
intensive massed practice approach to retraining balance post-
stroke. Gait & Posture. 2005;22(2):154-63. 

63. Marigold DS, Eng JJ, Dawson AS, Inglis JT, Harris JE, 
Gylfadottir S. Exercise leads to faster postural reflexes, improved 
balance and mobility, and fewer falls in older persons with 
chronic stroke. J Am Geriatr Soc. 2005;53(3):416-23. 



References 
 

72 
 

64. Olsson E, Löfgren B, Gustafson Y, Nyberg L. Validation of a fall 
risk index in stroke rehabilitation. J Stroke Cerebrovasc Dis. 
2005;14(1):23-8. 

65. Holmgren E, Gosman-Hedström G, Lindstrom B, Wester P. What 
is the benefit of a high intensive exercise program on health-
related quality of life and depression after stroke? - a randomized 
controlled trial. Adv Phys Ther. 2010;In Press. 

66. Holmgren E, Lindström B, Gosman-Hedström G, Nyberg L, 
Wester P. What is the benefit of a high intensive exercise 
program after stroke? - a randomized controlled trial. Adv Phys 
Ther. 2010;In Press. 

67. Evans S, Royston P, Day S. Minim: allocation by minimisation in 
clinical trials. 2004. 

68. Folstein M, Folstein S, McHugh P. "Mini-mental state". A 
practical method for grading the cognitive state of patients for the 
clinician. J Psychiatr Res. 1975;12(3):189-98. 

69. Adams HP, Jr., Bendixen BH, Kappelle LJ, Biller J, Love BB, 
Gordon DL, et al. Classification of subtype of acute ischemic 
stroke. Definitions for use in a multicenter clinical trial. TOAST. 
Trial of Org 10172 in Acute Stroke Treatment. Stroke. 
1993;24(1):35-41. 

70. Bamford J, Sandercock P, Dennis M, Burn J, Warlow C. 
Classification and natural history of clinically identifiable 
subtypes of cerebral infarction. Lancet. 1991;337(8756):1521-6. 

71. Rankin J. Cerebral vascular accidents in patients over the age of 
60. II. Prognosis. Scott Med J. 1957;2(5):200-15. 

72. Friedman P. Spatial neglect in acute stroke: the line bisection 
test. Scand J Rehabil Med. 1990;22(2):101-6. 

73. Collin C, Wade D. Assessing motor impairment after stroke: a 
pilot reliability study. J Neurol Neurosurg Psych. 1990;53(7):576-
9. 

74. Fugl-Meyer A, Jääskö L, Leyman I, Olsson S, Steglind S. The 
post-stroke hemiplegic patient. 1. a method for evaluation of 
physical performance. Scand J Rehabil Med. 1975;7(1):13-31. 

75. Berg K W-DS, Williams JI, Gayton D. Measuring balance in the 
elderly: Preliminary development of an instrument. 
Physiotherapy Canada. 1989;41:304-11. 

76. Katz S, Ford A, Moskowitz R, Jackson B, Jaffe M. Studies of 
illness in the aged. The index of ADL: A standardized measure of 
biological and psychosocial function. JAMA. 1963;185:914-9. 

77. Mahoney FI, Barthel DW. Functional Evaluation: The Barthel 
Index. Md State Med J. 1965;14:61-5. 

78. Holbrook M, Skilbeck CE. An activities index for use with stroke 
patients. Age Ageing. 1983;12(2):166-70. 

79. Lach HW, Reed AT, Arfken CL, Miller JP, Paige GD, Birge SJ, et 
al. Falls in the elderly: reliability of a classification system. J Am 
Geriatr Soc. 1991;39(2):197-202. 

80. Borg G. Perceived exertion as an indicator of somatic stress. 
Scand J Rehabil Med. 1970;2(2):92-8. 



References 
 

73 
 

81. Borg G. Borg's perceived exertion and pain scales. Champaign: 
Human Kinetics; 1998. 

82. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A 
practical method for grading the cognitive state of patients for the 
clinician. J Psychiatr Res. 1975;12(3):189-98. 

83. Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C. 
Development and initial validation of the Falls Efficacy Scale-
International (FES-I). Age Ageing. 2005;34(6):614-9. 

84. Ware JS, K. Kosinski, M. Gandek, B. SF-36. Health Survey: 
manual and interpretation guide. Boston, Massachusetts: The 
Health Institute, New England Medical Center; 1993. 

85. Sullivan M, Karlsson J, Ware JE, Jr. The Swedish SF-36 Health 
Survey--I. Evaluation of data quality, scaling assumptions, 
reliability and construct validity across general populations in 
Sweden. Soc Sci Med. 1995;41(10):1349-58. 

86. Anderson C, Laubscher S, Burns R. Validation of the Short Form 
36 (SF-36) health survey questionnaire among stroke patients. 
Stroke. 1996;27(10):1812-6. 

87. Sullivan M KJ, Taft C. Swedish Manual and Interpretation Guide, 
2nd Edition. Gothenburg: Sahlgrenska University Hospital; 
2002. 

88. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al. 
Development and validation of a geriatric depression screening 
scale: a preliminary report. J Psychiatr Res. 1982;17(1):37-49. 

89. Anderson C, Laubscher S, Burns R. Validation of the short form 
36 (SF-36) health survey questionnaire among stroke patients. 
Stroke. 1996;27(10):1812-6. 

90. Berg K, Wooddauphinee S, Williams JI. The Balance Scale - 
Reliability assessment with elderly residents and patients with an 
acute stroke. Scand J  Rehabil Med. 1995;27(1):27-36. 

91. Berg KO, Wooddauphinee SL, Williams JI. Measuring balance in 
the elderly - Validation of an instrument. Canadian Journal of 
Public Health-Revue Canadienne De Sante Publique. 1992;83:S7-
S11. 

92. Bond MJ, Harris RD, Smith DS, Clark MS. An examination of the 
factor structure of the Frenchay Activities Index. Disabil Rehabil. 
1992;14(1):27-9. 

93. Borg G. Perceived exertion as an indicator of somatic stress. 
Scand J Rehabil Med. 1970;2(2):92-8. 

94. Borg GAV. Psychophysical bases of perceived exertion. Medicine 
and Science in Sports and Exercise. 1982;14(5):377-81. 

95. Daving Y, Andren E, Nordholm L, Grimby G. Reliability of an 
interview approach to the Functional Independence Measure. 
Clin Rehabil. 2001;15(3):301-10. 

96. Kempen GI, Todd CJ, Van Haastregt JC, Zijlstra GA, Beyer N, 
Freiberger E, et al. Cross-cultural validation of the Falls Efficacy 
Scale International (FES-I) in older people: results from 
Germany, the Netherlands and the UK were satisfactory. Disabil 
Rehabil. 2007;29(2):155-62. 



References 
 

74 
 

97. Sullivan M, Karlsson J, Ware J. The Swedish SF-36 Health 
Survey.1. Evaluation of data quality, scaling assumptions, 
reliability and construct-validity across general populations in 
Sweden. Social Science & Medicine. 1995;41(10):1349-58. 

98. Ware JE, Sherbourne CD. The MOS 36-item Short-Form Health 
Survey (SF-36) .1. Conceptual-framework and item selection. 
Medical Care. 1992;30(6):473-83. 

99. Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C. 
Development and initial validation of the Falls Efficacy Scale-
International (FES-I). Age and Ageing. 2005;34(6):614-9. 

100. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al. 
Development and validation of a geriatric depression screening 
scale - a preliminary report. J Psych Research. 1983;17(1):37-49. 

101. Farrell B, Godwin J, Richards S, Warlow C. The United Kingdom 
transient ischaemic attack (UK-TIA) aspirin trial: final results. J 
Neurol Neurosurg Psych. 1991;54(12):1044-54. 

102. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn 
J. Interobserver agreement for the assessment of handicap in 
stroke patients. Stroke. 1988;19(5):604-7. 

103. Littbrand H, Rosendahl E, Lindelof N, Lundin-Olsson L, 
Gustafson Y, Nyberg L. A high-intensity functional weight-
bearing exercise program for older people dependent in activities 
of daily living and living in residential care facilities: evaluation of 
the applicability with focus on cognitive function. Phys Ther. 
2006;86(4):489-98. 

104. Department of Community Medicine and Rehabilitation, 
Geriatric Medicine. The HIFE Program: The High-Intensity 
Functional Exercise Program. In: Department of Community 
Medicine and Rehabilitation, Geriatric Medicine, eds. Umeå; 
2006. 

105. Rosendahl E, Lindelof N, Littbrand H, Yifter-Lindgren E, 
Lundin-Olsson L, Haglin L, et al. High-intensity functional 
exercise program and protein-enriched energy supplement for 
older persons dependent in activities of daily living: a 
randomised controlled trial. Aust J Physiother. 2006;52(2):105-
13. 

106. Dawson-Saunders B, Trapp R. Basic & Clinical Biostatistics. 2nd 
ed. East Norwalk: Appleton & Lange; 1994. 

107. Maeda N, Kato J, Shimada T. Predicting the probability for fall 
incidence in stroke patients using the Berg Balance Scale. J Int 
Med Res. 2009;37(3):697-704. 

108. Berg KO, Maki BE, Williams JI, Holliday PJ, Wood-Dauphinee 
SL. Clinical and laboratory measures of postural balance in an 
elderly population. Arch Phys Med Rehabil. 1992;73(11):1073-80. 

109. Shumway-Cook A, Baldwin M, Polissar NL, Gruber W. Predicting 
the probability for falls in community-dwelling older adults. Phys 
Ther. 1997;77(8):812-9. 

110. Lajoie Y, Gallagher SP. Predicting falls within the elderly 
community: comparison of postural sway, reaction time, the Berg 



References 
 

75 
 

balance scale and the Activities-specific Balance Confidence 
(ABC) scale for comparing fallers and non-fallers. Arch Gerontol 
Geriatr. 2004;38(1):11-26. 

111. Muir SW, Berg K, Chesworth B, Speechley M. Use of the Berg 
Balance Scale for predicting multiple falls in community-dwelling 
elderly people: a prospective study. Phys Ther. 2008;88(4):449-
59. 

112. Littbrand H, Lundin-Olsson L, Gustafson Y, Rosendahl E. The 
effect of a high-intensity functional exercise program on activities 
of daily living: a randomized controlled trial in residential care 
facilities. J Am Geriatr Soc. 2009;57(10):1741-9. 

113. Rensink M, Schuurmans M, Lindeman E, Hafsteinsdottir T. 
Task-oriented training in rehabilitation after stroke: systematic 
review. Journal of Advanced Nursing. 2009;65(4):737-54. 

114. Kollen B, Kwakkel G, Lindeman E. Functional recovery after 
stroke: a review of current developments in stroke rehabilitation 
research. Rev Recent Clin Trials. 2006;1(1):75-80. 

115. Helbostad JL, Moe-Nilssen R. The effect of gait speed on lateral 
balance control during walking in healthy elderly. Gait & Posture. 
2003;18(2):27-36. 

116. Nordin E, Moe-Nilssen R, Ramnemark A, Lundin-Olsson L. 
Changes in step-width during dual-task walking predicts falls. 
Gait Posture. 2010. 

117. Deshpande N, Metter EJ, Lauretani F, Bandinelli S, Guralnik J, 
Ferrucci L. Activity restriction induced by fear of falling and 
objective and subjective measures of physical function: A 
prospective cohort study. J Am Geriatr Soc. 2008;56(4):615-20. 

118. Denkinger MD, Igl W, Lukas A, Bader A, Bailer S, Franke S, et al. 
Relationship Between Fear of Falling and Outcomes of an 
Inpatient Geriatric Rehabilitation Population-Fear of the Fear of 
Falling. J Am Geriatr Soc. 2010;58(4):664-73. 

119. Bandura A. Self-efficacy. In: Ramachaudran VS, ed. Encyclopedia 
of Human behaviour. New York: Academic Press; 1994:71-81. 

120. Chamberlin ME, Fulwider BD, Sanders SL, Medeiros JM. Does 
fear of falling influence spatial and temporal gait parameters in 
elderly persons beyond changes associated with normal aging? J 
Gerontol A Biol Sci Med Sci. 2005;60(9):1163-7. 

121. Eriksson S, Gustafson Y, Lundin-Olsson L. Risk factors for falls 
in people with and without a diagnose of dementia living in 
residential care facilities: A prospective study. Arch of Geront and 
Geriatr. 2008;46(3):293-306. 

122. Lenze EJ, Munin MC, Dew MA, Rogers JC, Seligman K, Mulsant 
BH, et al. Adverse effects of depression and cognitive impairment 
on rehabilitation participation and recovery from hip fracture. 
Int. J of Geriatr. Psych. 2004;19(5):472-8. 

123. Kauhanen ML, Korpelainen JT, Hiltunen P, Brusin E, Mononen 
H, Maatta R, et al. Poststroke depression correlates with 
cognitive impairment and neurological deficits. Stroke. 
1999;30(9):1875-80. 



References 
 

76 
 

124. Edwards JD, Koehoorn M, Boyd LA, Levy AR. Is health-related 
quality of life improving after stroke? A comparison of health 
utilities indices among Canadians with stroke between 1996 and 
2005. Stroke. 2010;41(5):996-1000. 

125. Carod-Artal FJ, Egido JA. Quality of Life after Stroke: The 
Importance of a Good Recovery. Cerebr Dis. 2009;27:204-14. 

126. Kwok T, Lo RS, Wong E, Wai-Kwong T, Mok V, Kai-Sing W. 
Quality of life of stroke survivors: A 1-year follow-up study. Arch 
Phys Med Rehab. 2006;87(9):1177-82. 

127. Blum L, Korner-Bitensky N. Usefulness of the berg balance scale 
in stroke rehabilitation: A systematic review. Phys Ther. 
2008;88(5):559-66. 

128. Benaim C, Perennou DA, Villy J, Rousseaux M, Pelissier JY. 
Validation of a standardized assessment of postural control in 
stroke patients - The Postural Assessment Scale for Stroke 
patients (PASS). Stroke. 1999;30(9):1862-8. 

129. Mao HF, Hsueh IP, Tang PF, Sheu CF, Hsieh CL. Analysis and 
comparison of the psychometric properties of three balance 
measures for stroke patients. Stroke. 2002;33(4):1022-7. 

130. Duncan PW, Wallace D, Lai SM, Johnson D, Embretson S, Laster 
LJ. The stroke impact scale version 2.0. Evaluation of reliability, 
validity, and sensitivity to change. Stroke. 1999;30(10):2131-40. 

131. Owolabi MO, Ogunniyi A. Profile of health-related quality of life 
in Nigerian stroke survivors. Eur J Neurol. 2009;16(1):54-62. 

132. Kwakkel G, Kollen B, Twisk J. Impact of time on improvement of 
outcome after stroke. Stroke. 2006;37(9):2348-53. 

133. Delorme T. Restoration of muscle power by heavy-resistant 
exercises. J. Bone Joint Surg. 1945;27:645-67. 

134. Rosendahl E, Gustafson Y, Nordin E, Lundin-Olsson L, Nyberg L. 
A randomized controlled trial of fall prevention by a high-
intensity functional exercise program for older people living in 
residential care facilities. Aging Clin Exp Res. 2008;20(1):67-75. 

 
 



Dissertations  
 

77 
 

Dissertations written by physiotherapists, Umeå 
University 1989–2010 
Birgitta Bergman Being a physiotherapist - Professional role, utilization of time and 
vocational strategies. Umeå University Medical Dissertations, New Series no 251, 1989 
(Department of Physical Medicine and Rehabilitation) 

Inger Wadell Influences from peripheral sense organs on primary and secondary spindle 
afferents via gamma-motoneurones - A feedback mechanism for motor control and 
regulation of muscle stiffness. Umeå University Medical Dissertations, New Series no 307, 
1991 (Department of Physiology) 

Jessica Elert The pattern of activation and relaxation during fatiguing isocinetic 
contractions in subjects with and without muscle pain. Arbete och hälsa 1991:47. Diss. 1992 
(sammanfattning). (Departments of Clinical Physiology, National Institute of Occupational 
Health and Physical Medicine and Rehabilitation) 

Gunnevi Sundelin Electromyography of shoulder muscles - The effects of pauses, drafts and 
repetitive work cycles. Arbete och Hälsa, 1992:16. Diss. (sammanfattning). (Departments of 
Anatomy, National Institute of Occupational Health, Division of Work and Environmental 
Physiology, Divisions of Occupational Medicine and Applied Work Physiology and 
Occupational Medicine) 

Birgit Rösblad Visual and proprioceptive control of arm movement - Studies of development 
and dysfunction. Diss. (sammanfattning) 1994 (Department of Paediatrics) 

Charlotte Häger-Ross To grip and not to slip - Sensorimotor mechanisms during reactive 
control of grasp stability. Umeå University Medical Dissertations, New Series no 429, 1995 
(Department of Physiology) 

Lars Nyberg Falls in the frail elderly – Incidence, characterics and prediction with special 
reference to patients with stroke and hip fractures. Umeå Medical Dissertations, New Series 
no 483, 1996 (Department of Geriatric Medicine) 

Margareta Barnekow-Bergkvist Physical capacity, physical activity and health -A population 
based fitness study of adolescents with an 18-year follow-up. Umeå University Medical 
Dissertations, New Series no 494, 1997 (Departments of Physiology and Technology, 
National Institute for Working Life and Epidemiology and Public Health) 

Britta Lindström Knee muscle function in healthy persons and patients with upper motor 
neurone syndrome. Umeå University Medical Dissertations, New Series no 505, 1997 
(Departments of Physical Medicine and Rehabilitation and Clinical Neuroscience) 

Monica Mattsson Body Awareness - applications in physiotherapy. Umeå University 
Medical Dissertations, New Series no 543, 1998 (Departments of Psychiatry and Family 
Medicine) 

Hildur Kalman The structure of knowing. Existential trust as an epistemological category. 
Umeå studies in the humanities. 145, 1999 (Department of Philosophy and Linguistics) 

Hamayun Zafar Integrated jaw and neck function in man: studies of mandibular and head-
neck movements during jaw opening-closing tasks. Umeå University Medical Dissertations, 
New series no 74, 2000 (Department of Odontology, Clinical Oral Physiology and Centre for 
Musculoskeletal Research, National Institute for Working Life, Umeå)  

Lillemor Lundin-Olsson Prediction and prevention of falls among elderly people in 
residential care. Umeå University Medical Dissertations, New Series no 671, 2000 
(Departments of Community Medicine and Rehabilitation, Physiotherapy and Geriatric 
Medicine) 



Dissertations  
 

78 
 

Christina Ahlgren Aspects of rehabilitation – with focus on women with trapezius myalgia. 
Umeå University Medical Dissertations, New Series no 715, 2001 (Department of Public 
Health and Clinical Medicine, Occupational Medicine) 

Ann Öhman Profession on the move - changing conditions and gendered development in 
physiotherapy. Umeå University Medical Dissertations, New series No 730, 2001 
(Departments of Community Medicine and Rehabilitation, Physiotherapy and Public Health 
and Clinical Medicine, Epidemiology)   

Kerstin Söderman The female soccer player – Injury pattern, risk factors and intervention. 
Umeå University Medical Dissertations, New series no 735, 2001 (Departments of Surgical 
and Perioperative Sciences, Sports Medicine, and Community Medicine and Rehabilitation, 
Physiotherapy) 

Lena Grönblom-Lundström Rehabilitation in light of different theories of health. Outcome 
for patients with low-back complaints – a theoretical discussion. Umeå University Medical 
Dissertations, New series no 760, 2001 (Departments of Public Health and Clinical 
Medicine, Epidemiology, and Community Medicine and Rehabilitation, Social Medicine) 

Kerstin Waling Pain in women with work-related trapezius myalgia. Intervention effects and 
variability. Umeå University Medical Dissertations, New series no 762, 2001 (Departments 
of Public Health and Clinical Medicine, Occupational Medicine, and Community Medicine 
and Rehabilitation, Physiotherapy) 

Eva-Britt Malmgren-Olsson Health problems and treatment effects in patients with non-
specific musculoskeletal disorders. A comparitson between Body Awareness Therapy, 
Feldenkrais and Individual Physiotherapy. Umeå University Medical Dissertations, New 
series no 774, 2002 (Department of Community Medicine and Rehabilitation, 
Physiotherapy and Department of Psychology) 

Jane Jensen Fall and injury prevention in older people living in residential care facilities. 
Umeå University Medical Dissertations, New series no 812, 2003 (Department of 
Community Medicine and Rehabilitation, Physiotherapy and Geriatric Medicine) 

Anncristine Fjellman-Wiklund Musicianship and teaching. Aspects of musculoskeletal 
disorders, physical and psychosocial work factors in musicians with focus on music 
teachers. Umeå University Medical Dissertations, New series no 825, 2003 (Department of 
Community Medicine and Rehabilitation, Physiotherapy) 

Börje Rehn Musculoskeletal disorders and whole-body vibration exposure among 
professional drivers of all-terrain vehicles. Umeå University Medical Dissertations, New 
series no 852, 2004 (Department of Public Health and Clinical Medicine, Occupational 
Medicine) 

Martin Björklund Effects of repetitive work on proprioception and of stretching on sensory 
mechanisms. Implications for work-related neuromuscular disorders. Umeå University 
Medical Dissertations, New series no 877, 2004 (Departments of Surgical and Perioperative 
Sciences, Sports Medicine Unit, Umeå University, The Center for Musculoskeletal Reseach, 
University of Gävle, Umeå, and Alfta Forskningsstiftelse, Alfta) 

Karin Wadell Physical training in patients with chronic obstructive pulmonary disease – 
COPD. Umeå University Medical Dissertations, New series no 917, 2004 (Departments of 
Community Medicine and Rehabilitation, Physiotherapy; Public Health and Clinical 
Medicine, Respiratory Medicine and Allergy, Surgical and Perioperative Sciences, Sports 
Medicine) 

Peter Michaelson Sensorimotor characteristics in chronic neck pain. Possible 
pathophysiological mechanisms and implications for rehabilitation. Umeå University 
Medical Dissertations, New series no 924, 2004 (Departments of Surgical and Perioperative 
Sciences, Sports Medicine Unit, University of Umeå, Southern Lappland Research 
Department, Vilhelmina, Centre for Musculoskeletal Research, University of Gävle, Umeå) 



Dissertations  
 

79 
 

Ulrika Aasa Ambulance work. Relationships between occupational demands, individual 
characteristics and health related outcomes. Umeå University Medical Dissertations, New 
series no 943, 2005 (Department of Surgical and Perioperative Sciences, Sports Medicine 
and Surgery, University of Umeå and Centre for Musculoskeletal Research, University of 
Gävle) 

Ann-Katrin Stensdotter Motor Control of the knee. Kinematic and EMG studies of healthy 
individuals and people with patellofemoral pain. Umeå University Medical Dissertations, 
New series no 987, 2005 (Departments of Community Medicine and Rehabilitation, 
Physiotherapy) 

Tania Janaudis Ferreira Aspects of muscle function and training with oxygen in patients 
with chronic obstructive pulmonary disease – COPD. Umeå University Licentiate Thesis, 
2005 (Department of Community Medicine and Rehabilitation, Physiotherapy)  

Erik Rosendahl Fall prediction and a high-intensity functional exercise programme to 
improve physical functions and to prevent falls among older people living in residential care 
facilities. Umeå University Medical Dissertations, New Series no 1024, 2006 (Department of 
Community Medicine and Rehabilitation, Geriatric Medicine and Physiotherapy) 

Michael Stenvall Hip fractures among old people. Their prevalence, consequences and 
complications and the evaluation of a multi-factorial intervention program designed to 
prevent falls and injuries and enhance performance of activities of daily living. Umeå 
University Medical Dissertations, New Series no 1040, 2006 (Department of Community 
Medicine and Rehabilitation, Geriatric Medicine and Physiotherapy) 

Petra von Heideken Wågert Health, physical ability, falls and morale in very old people: the 
Umeå 85+ Study. Umeå University Medical Dissertations, New Series no 1038, 2006 
(Department of Community Medicine and Rehabilitation, Geriatric Medicine and 
Physiotherapy) 

Karl Gisslén The patellar tendon in junior elite volleyball players and an Olympic elite 
weightlifter. Umeå University Medical Dissertations, New Series no 1073, 2006 
(Department of Surgical and Perioperative Sciences, Sports Medicine Unit) 

Gerd Flodgren Effect of low–load repetitive work and mental load on sensitising substances 
and metabolism in the trapezius muscle. Umeå University Medical Dissertations, New series 
no 1130, 2007 (Department of Surgical and Perioperative Sciences, Sports Medicine Unit, 
Centre of Musculoskeletal Research, University of Gävle, Umeå, and the Department of 
Community Medicine and Rehabilitation, Rehabilitation Medicine) 

Staffan Eriksson Falls in people with dementia. Umeå University Medical Dissertations, 
New series no 1135, 2007 (Department of Community Medicine and Rehabilitation, 
Physiotheraphy and Geriatric Medicine) 

Jonas Sandlund Position-matching and goal-directed reaching acuity of the upper limb in 
chronic neck pain: Associations to self-rated characteristics. Umeå University Medical 
Dissertations, New series no 1182, 2008 (Department of Surgical and Perioperative 
Sciences, Sports Medicine Unit, Umeå University, Centre of Musculoskeletal Research, 
University of Gävle, Umeå) 

Gunilla Larsson Motor function over time in Rett syndrome-loss, difficulties and 
possibilities. Umeå University Licentiate Thesis, 2008 (Department of Community Medicine 
and Rehabilitation, Physiotherapy) 

Charlotte Åström Effects of vibration on muscles in the neck and upper limbs. With focus on 
occupational terrain vehicle drivers. Umeå University Medical Dissertations, New series no 
1135, 2008 (Departments of Community Medicine and Rehabilitation, Physiotherapy) 



Dissertations  
 

80 
 

Ellinor Nordin Assessment of balance control in relation to fall risk among older people. 
Umeå University Medical Dissertations, New series no 1198, 2008 (Departments of 
Community Medicine and Rehabilitation, Physiotherapy) 

Bertil Jonsson Interaction between humans and car seat. Studies of occupant seat 
adjustment, posture, position and real world neck injuries in rear-end impacts. Umeå 
University Medical Dissertations, New Series no 1163, 2008 (Department of Surgical and 
Perioperative Sciences, Sports Medicine Unit) 

Jenny Röding Stroke in the younger . Self- reported impact on work situation, cognitive 
function, physical function and life satisfaction. A national survey. Umeå University Medical 
Dissertations, New series no 1241, 2009 (Departments of Community Medicine and 
Rehabilitation, Physiotherapy) 

Therese Stenlund Rehabilitation for patients with burn out. Umeå University Medical 
Dissertations, New series no 1237, 2009 (Departments of Public Health and Clinical 
Medicine, Occupational and Enviromental Medicine) 

Elisabeth Svensson Hand function in children and persons with neurological disorders. 
Aspects of movement control and evaluation of measurements. Umeå University Medical 
Dissertations, New series no 1261, 2009 (Departments of Community Medicine and 
Rehabilitation, Physiotherapy) 

Helena Nordvall Factors in secondary prevention subsequent to distal radius fracture. Focus 
on physical function, co-morbidity, bone mineral density and health-related quality of life. 
Umeå University Medical Dissertations, New series no 1252, 2009 (Department of 
Community Medicine and Rehabilitation Physiotherapy and Department of Surgical and 
Perioperative Sciences, Orthopaedics) 

Ingela Marklund Intensivträning av nedre extremitet för personer med stroke– effekter och 
upplevelser. Umeå University Licentiate Thesis, 2009 (Department of Community Medicine 
and Rehabilitation, Physiotherapy) 

Ulrik Röijezon  Sensorimotor function in chronic neck pain. Objective assessments and a 
novel method for neck coordination exercise. Umeå University Medical Dissertations, New 
series no 1273, 2009 (Departments of Community Medicine and Rehabilitation, 
Physiotherapy , Centre of Musculoskeletal Research, University of Gävle, Umeå) 

Birgit Enberg Work experiences among healthcare professionals in the beginning of their 
professional careers. A gender perspective. Umeå University Medical Dissertations, New 
series no 1276, 2009 (Departments of Community Medicine and Rehabilitation, 
Physiotherapy and Department of Public Health and Clinical Medicine, Epidemiology and 
Public Health Sciences) 

Per Jonsson Eccentric training in the treatment of tendinopathy. Umeå University Medical 
Dissertations, New series no 1279, 2009 (Department of Surgical and Perioperative 
Sciences, Sports Medicine Unit) 

Taru Tervo Physical activity, bone gain and sustainment of peak bone mass. Umeå 
University Medical Dissertations, New series no 1282, 2009 (Department of Surgical and 
Perioperative Sciences, Sports Medicine, Department of Community  Medicine and 
Rehabilitation, Geriatric Medicine, Department of Community Medicine and Rehabilitation, 
Rehabilitation Medicine) 

Kajsa Gilenstam Gender and physiology in ice hockey: a multidimensional study. Umeå 
University Medical Dissertations, New series no 1309, 2010 (Department of Surgical and 
Perioperative Sciences, Sports Medicine Unit) 

  



Dissertations  
 

81 
 

Margareta Eriksson A 3-year lifestyle intervention in primary health care. Effects on 
physical activity, cardiovascular risk factors, quality of life and costeffectiveness. Medical 
Dissertations, New series no 1333, 2010 (Departments of Community Medicine and 
Rehabilitation, Physiotherapy and Department of Public Health and Clinical Medicine, 
Epidemiology and Public Health Sciences) 

 


