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Abstract
Anna Carling (2018): Impaired balance and fall risk in people with multiple
sclerosis. Örebro Studies in Medicine 184.
The symptoms from the neurological disease multiple sclerosis vary from
person to person and over time. Impaired balance is common in people with
multiple sclerosis and can lead to falls. Fall frequency is high in people with
multiple sclerosis, above 50%. Multiple sclerosis affects not only the person
having the disease but also their next of kin. To be able to reduce fall risk it
is important to know when, why and where people with multiple sclerosis
fall, and how to improve balance and reduce falls with exercise. It is also
important to know how the falls affect the residing next of kin to people
with multiple sclerosis.
The overall aim of this thesis was to gain enhanced knowledge by investigating when and why people with MS fall and how these falls possibly affect
their next of kin, and also to evaluate the effects and perceptions of participating in a specific balance exercise.
Data were gathered using four different data collections, and this thesis contains both qualitative and quantitative data.
The major finding in this thesis is that people with multiple sclerosis fall in
the course of everyday life activities, most often in their own homes due to
various intrinsic and extrinsic factors. Balance can be improved and falls reduced and everyday life may be made easier and facilitated after participating
in the CoDuSe balance exercise. This is important also for the next of kin,
since they are adapting, adjusting and renouncing their activities due to the
falls of the PwMS, in order to make it work for the whole family.

Keywords: Balance, exercise, falls, falls efficacy, gait, multiple sclerosis, next of
kin, physiotherapy, qualitative research, randomized controlled trial
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Introduction
I started working as a physiotherapist within the neurological field in 2007,
at Örebro University Hospital, mostly as a physiotherapist in the multiple
sclerosis (MS) team. Being a physiotherapist working with people with MS
allows the opportunity to meet with them over time. The disease course of
MS may involve a variety of symptoms over time, and some individuals
present a progressive burden of neurological deficits. Having the opportunity to help each individual with the physical symptoms they find most
important to deal with at that particular moment can be a satisfying task.
However, when accorded the trust to help a person to improve or maintain
their impaired physical skills, it is important to know what would be the
most suitable treatment/intervention to offer.
During my time in the MS team, I had the opportunity to participate in the
data collection of two different exercise studies including people with MS.
Seeing close up what research could mean for the participating patients, the
people that I met every day in my routine clinical life, made me think of
research in a brand-new way. The researcher performing the studies including ‘my’ patients inspired me to think big. For the first time, it occurred to
me that maybe I could be a researcher. Keeping my patients’ best interest at
heart has always been a motivation and an approach for me as a physiotherapist. But, how could I know what the patients’ best interests were at
all times if there were no research to provide guidance in the subject? That
question was the genesis of this thesis, and the driving force also in the research: to keep the patients’ best interests at heart.
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Background
Multiple sclerosis
Multiple sclerosis (MS) is a chronic neurological disease that affects the central nervous system (CNS).1 It is considered an autoimmune disease but the
underlying mechanisms are not yet fully understood, and target antigens
remain to be identified. Symptoms occur upon disruption of nerve signal
transmission due to immune-mediated demyelination. Myelin may be partially restored by remyelination, while axonal degeneration causes irreversible neuronal damage seen as multiple scars, also called MS lesions or MS
plaques.2 The lesions mostly occur in the white matter, often perpendicular
to the ventricular system in the brain or in the spinal cord. The locations of
lesions determine which functions are affected, for example motor, sensory
or cognitive.1
The cause of the disease is not yet established, but most likely it is the result
of a complex interplay of genetics and environmental factors.3 Various risk
factors have been suggested, such as smoking,4 low level of vitamin D,5 previous Epstein-Barr virus infection6 and genetics.7
There is no one single specific diagnostic test to establish MS; instead, the
diagnosis is criterion-based, that is, on the McDonald criteria.8 The basic
diagnostic criterion is evidence of distribution of MS lesions in time and
space. Aggregation of neurological symptoms, the course of the disease,
magnetic resonance imaging (MRI) and a detection of inflammation in the
spinal fluid are considered. In 2010 the McDonald criteria were revised,
making it possible to diagnose MS at its clinical onset, using MRI.9
MS is a heterogenic disease and the course varies from person to person.
There are different types of MS. Approximately 90% of MS patients have
relapsing–remitting MS (RRMS)10 from onset and experience periods of
transient neurological symptoms, called relapses or exacerbations. A relapse
lasts between 24 hours8 and weeks up to months before partial or complete
recovery. Natural history data show that RRMS commonly transfers into a
secondary progressive MS (SPMS) course in time (11–21 years),10, 11 with
continuing loss of functions not related to relapses. SPMS is diagnosed retrospectively by a history of gradual worsening.12 A subset of people with
MS (PwMS) (approximately 10%)13 have a progressive course from onset,
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classified as primary progressive MS (PPMS). It is debated whether this clinical subtype differs from the others in terms of immunopathology.12
MS onset often occurs early in life, typically between the ages of 20 and 40
years. People with RRMS are younger at onset (approximately 30 years)14
compared to people with PPMS (approximately 40 years).13, 15 Women are
more than twice as likely to be affected, compared with men,16-18 a ratio that
has increased over time in Sweden, from 1.7:1 for people born in the 1930s
to 2.67:1 for people born in the 1980s.19 Globally, an estimation made in
2013 indicates that 2.3 million people have MS.20 The highest incidence and
prevalence are seen in North America and in Europe,20, 21, 22 and migrations
studies suggest that environmental factors before adolescence are important
for MS risk.23-25 In Sweden, nearly 18 500 people are diagnosed with MS.26
In the last 20 years development of disease-modifying treatments for MS
has been extensive. By different mechanisms of action such treatments reduce the inflammatory activity in the CNS, preventing myelin and axonal
disruption.27 Today, treatment options are highly efficient, and no evidence
of disease activity (NEDA) has been proposed as a goal to prevent future
disease progression. Still, there is no medication available to cure MS. Besides medication, physical rehabilitation has an important role in maintaining and improving physical abilities.28 The World Health Organization
(WHO) describes rehabilitation as a process that enables individuals to
identify problems and to reach their optimal ability, aiming to facilitate independence and social integration.29 Rehabilitation due to a neurological
disease such as MS is targeted at maintaining and possibly improving the
residual physical functions, with the aim of preserving the individuals’ personal and social activities. Impaired balance and falls are often symptoms
for physiotherapists to evaluate and work to improve together with the individual affected.
Exercise may promote brain health in disease by enhancement of neurobiological processes such as neuronal protection, regeneration and plasticity.30,
31
It is suggested that motor rehabilitation induces structural plasticity in
PwMS, and the exercise should be task-dependent and selective in its targets.32
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Clinical evaluation of MS severity
Worldwide, neurological impairment and MS severity are evaluated by neurologists using the Expanded Disability Status Scale (EDSS).33 The scale was
developed in 1983 and ranges from 0 to 10, in steps of 0.5, where 0 equals
a normal neurological examination and 10 represents death due to MS (Figure 1). Scores of 0–3.5 are based on the examination of eight different functional systems: pyramidal functions, cerebellar functions, brain-stem functions, sensory functions, bowel and bladder functions, visual functions, cerebral (or mental) functions and other. Scores from 4 and above are based
on the person’s walking ability, the actual distance a person can walk and
the need of a walking aid. For practical reasons, walking distance is often
estimated in MS care and not always tested. MS can be graded as mild at
EDSS 0 to 3.5, moderate at EDSS 4.0 to 5.5 and severe at 6.0 to 9.5.34 When
using a patient-administered EDSS, the patients answer questions covering
the eight functional systems as well as walking ability, and the answers are
interpreted by a neurologist as an EDSS score.35 However, difficulties for
PwMS to correctly estimate their maximum walking distance may have impact on the evaluation.36, 37

Figure 1. Illustration of the EDSS scores.33

Balance
Balance is a complex task that requires several different skills, motor (e.g.
strength and flexibility), sensory (e.g. vestibular system and proprioception)
and cognitive (e.g. concentration and attention).38 Interactions between
these functions are integrated to keep balance. Balance is a commonly used
term, but there is no universally accepted definition.38 ‘Balance’ can be seen
as a blanket term which encompasses postural control,39 stability,39 balance
control38 and alignment.38 In this thesis, balance will be regarded from the
14
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perspective that an interaction between the individual, the task performed
and environmental factors is required to be able to maintain balance.38
Although there is no specific code for balance in the International Classification of Functioning, Disability and Health (ICF), the complexity of balance can be understood through the components of the framework;40 see
Figure 2. Balance can be affected by impaired body functions or structures.
Balance is also dependent on which activity is to be performed, which in
turn can affect participation. Personal factors (such as balance confidence)
and environmental factors also contribute to achievement of balance.

Figure 2. International Classification of Functioning, Disability and Health.40

Movements of the body are planned and programmed in the cerebral cortex.
The motor cortex sends its commands (motor output) to the skeletal muscles of the body where the actual movement is performed. Information regarding the planning of movement is also sent from the cerebral cortex to
the cerebellum, which is the motor control centre of the body. The cerebellum coordinates and regulates posture, movement and balance. The cerebellum also receives sensory input from the muscle spindles and the Golgi
tendon organs, which give feedback of the muscle length, speed and tension;
from vision; from proprioception via the joint receptors; and from sensory
touch via the cutaneous receptors. After receiving the sensory input, the cerebellum evaluates the performed movements, and adjusts the position of the
body parts, if necessary.38 See Figure 3.
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Figure 3. Interaction between the brain and motor and sensory systems to achieve
balance.

There are different aspects to balance, depending on the task to be performed. Static balance is the ability to maintain an upright position without
changing the base of support; it is characterized by small amounts of spontaneous postural sway. Dynamic balance is the ability to maintain balance
during movement. Proactive balance is the ability to prepare the body for
the movement before the movement is performed, which can also be referred to as feed forward. To minimize instability in a movement, the stabilizing muscles are activated, since the voluntary movements in themselves
can be destabilizing. Reactive balance, the opposite of preparing for movement, occurs when the body has to react to something unforeseen. This represents the ability to recover balance after an unexpected disturbance and
to move defensively in order to maintain balance and avoid falls.38

16
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Measuring balance
In clinical practice as well as in research it is important to measure balance.
Measuring different aspects of balance provides a better understanding and
description of each individual’s strengths and limitations and enables the
practitioner to evaluate possible changes after an intervention. Outcome
measures can be objective or subjective. It is also vital to select a measure
that reflects impaired body function or structure, limitation of activity or
restriction of participation. The ICF model has been recommended to structure assessment of imbalance in PwMS.41 The measures must be reliable (i.e.
consistent and repeatable) and valid for the group of people and condition
being evaluated.

Impaired balance in MS
Impaired balance is a common and often early symptom in PwMS.42 Over
80% of the PwMS in a study reported their balance to be impaired, 15%
reported a fluctuation of balance, while 67% reported the impairment to be
constant.43 In a review, Cameron and Lord44 stated three different aspects
of balance that were typically impaired for PwMS.
First, they described how PwMS have a decreased ability to maintain position. PwMS were found to have an increased postural sway and more difficulties in maintaining position when the base of support is reduced or limited, compared to healthy controls. It was also reported that PwMS with a
more severe impairment (a higher EDSS score) have an increased postural
sway compared to those with a mild impairment. Having a progressive type
of MS also indicates more postural sway compared to those with RRMS.44
PwMS do not use the same strategies to maintain balance as age-matched
healthy controls without walking limitations do, hence the increased sway.45
Second,44 PwMS are described as having limited and slow movement toward their limits of stability. When trying to reach or step, PwMS move less
far or less quickly compared to healthy controls. PwMS also have a reduced
functional reach distance.
Third, PwMS have delayed responses to postural displacements or perturbations. They have poorer trunk control and delayed postural responses
when the surface is moving.44 It has also been reported that PwMS have
impaired trunk stability while sitting on an unstable surface, compared to
healthy controls.46
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Stability of the trunk, or trunk control, comprises coordination of active
(i.e. muscles), passive (i.e. lumbar spine) and control (i.e. neurological system) aspects. Muscles that are believed to create trunk control are the transvers abdominis (works as a corset around the tummy), the multifidus (lies
along the back of the spine connecting one vertebra to the other) and the
pelvic floor muscles (forming a sling from the pubic bone at the front to the
base of the spine at the rear).47 All of the trunk muscles are valuable and
significant for the control of the trunk; it is the situation and position of the
body that determines which muscles are most important at a given time.
The core muscles serve as a muscular corset that works as a unit to stabilize
the body and spine; it serves as the centre of movements in the limbs and
body. Stability and movement of the body are critically dependent on the
coordination of all the muscles which together form the core.48 In order to
use the same terminology as reference articles to the intervention presented
later, the term trunk control will be used synonymously with core stability
in this thesis.
The three aspects of impairments reported44 in PwMS include static and dynamic, as well as proactive and reactive, balance. More recently, a fourth
aspect has been identified to also be typically impaired for PwMS, namely,
dual tasking. Having to divide one’s attention while performing a balancerequiring task can affect the balance negatively for PwMS.49-51 Impaired balance can lead to restrictions in everyday life as well as decreased participation in society.52, 53 A systematic review reported that postural control in
PwMS is impaired, regardless of the complexity of the task performed.54
As stated earlier, balance requires motor, sensory and cognitive skills to be
attained. All of these skills can be affected by MS, as visualized in Figure 4.
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Figure 4. MS can affect different aspects in the interaction between the brain and the
motor and sensory systems required to achieve balance.

Falls
The ultimate consequence of not being able to maintain one’s balance is to
experience a fall. Falls are, like balance function, considered to be of complex nature.55 The definition of falls varies. In this thesis a fall is defined as
‘an unexpected event in which participants come to rest on the ground,
floor, or a lower level,’56 as recommended by international expert consensus. A person who has experienced a fall within a defined period of time is
defined as a faller and a person who has not experienced a fall within that
same period of time is defined as a non-faller. A frequent faller is a person
who has experienced more than one fall during the same period of time.57
ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis
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The time period differs between studies. In this thesis, a faller is defined as
person who falls within a three-month period (study I) or within a sevenweek period (study II).

Falls in MS
Fall risk in MS is generally high. A fall frequency of 56% during a threemonth period has been reported for people with an EDSS score between 1.5
and 7.0 in an international meta-analysis, indicating that over half of PwMS
who are ambulatory fall at least once in a span of three months.57 Of those
reporting a fall, 37% were frequent fallers.57 Most of the falls have been
retrospectively reported to occur indoors (65%) during daytime (75%).57
There is not a linear progression of the risk for falls, correlated to the EDSS
score. A peak for fall risk has been suggested at EDSS score 4.0 and 6.0 (see
Figure 5), scores in which walking transitions are likely.57

Figure 5. Odds ratio (OR) for falls according to EDSS score.57

Most of the falls, 80%, have been reported to occur during transfers, most
frequently during walking (60%).58 Men fall more frequently than
women.59, 60 Previously published studies describing the circumstances of
falls in PwMS have collected data retrospectively after the fall occurred. In
one study the participants described their most recent fall more than 12
months after it occurred.55
20
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Differences have been reported in the dynamic balance between PwMS who
fall and non-fallers. Fallers walked slower and with more caution compared
to non-fallers. They also had a greater variation in step length, and the foot
was kept closer to the ground during the swing phase, compared to nonfallers and healthy controls.61
A systematic review62 including eight articles identified several risk factors
for falls in PwMS: activities of daily living (ADL), balance, cognition, continence, dual task, fatigue, fear of falling, gait, mobility, mobility aid (walking aid or wheelchair), motor function, MS status/disease severity, MS type
(RRMS, SPMS, PPMS), proprioception, spasticity, strength and visual issues. Meta-analysis was feasible on four of the risk factors and demonstrated an increase in fall risk associated with impairments of balance and
cognition, progressive MS and the use of mobility aids (walking aids or
wheelchair).62
Fall risk factors can be classified as either intrinsic or extrinsic. Reported
identified intrinsic fall risk factors for PwMS are, for example, lower extremity malfunction,55 limited walking abilities, reduced muscular endurance, divided attention,49 not paying attention,58 fatigue49, 58 and heat sensitivity.49 Examples of identified extrinsic fall risk factors are environmental
factors,49 such as slippery or uneven surfaces, or malfunction or non-use of
walking aids.55
Falls have been reported to lead to injuries.58, 60 PwMS also have an increased risk for fractures compared to healthy controls.63 Furthermore, falls
can lead to fear of falling, which is an intrinsic fall risk factor. Fear of falling
is a lasting concern about falls, which can lead to restriction or avoidance
of activities that the individual is still capable of managing and is reported
in over 60% of PwMS.64 Women, individuals who have reported having
fallen during the last six months and individuals who use a walking aid are
more likely to report fear of falling.64 Fear of falling has been reported to be
associated with recurrent falls,65 as well as with EDSS score.66 More than
80% of the individuals expressing fear of falling experience curtailment of
activity.64 Such activity curtailment can in turn lead to greater fall risk, creating a negative spiral. Use of a walking aid was correlated with a greater
likelihood of reporting activity curtailment.64 Fear of falling has been reported to have an association with postural control in PwMS.66, 67
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Near falls in MS
A near fall is when a person is about to fall, but manages to restore balance
and thus avoid falling. It is defined as: ‘an occasion on which an individual
felt that they were about to fall but did not actually fall’.68 Near falls occur
more frequently than actual falls and are reported in over 80% of PwMS.60
Correlation has been established between near falls and falls.59 However,
no study has yet to my knowledge used near falls as an outcome measure in
an intervention study. Including near falls as an outcome measure would
give additional information on how the participants’ balance appears in everyday life.

Use of walking aids in MS
One strategy for maintaining active in everyday life despite impaired balance is to use a walking aid. Using a walking aid can be seen as a marker of
MS disease progression and thus a decreased level of function. Walking aids
are frequently used by PwMS; up to 60% have reported having at least one
walking aid, and the majority of them have more than one.69 However, having a prescribed walking aid does not mean that the walking aid is being
used regularly,69 which could be considered as a non-use of the aid. A resistance towards using walking aids has been expressed in nearly 50% of
PwMS who use one.70 Around half of all walking aid prescriptions were
encouraged and initiated by physiotherapists.70 The result showing resistance towards using a walking aid70 could mean that people who need to
have a walking aid prescribed refrain from using the described aid. When
receiving a walking aid, it is important to use it correctly.
Walking aids require dual tasking,71 a facility previously described as impaired in PwMS.49-51 Whether use of a walking aid is a help or a hindrance
is unclear. A systematic review and a meta-analysis have identified the use
of a walking aid as a risk factor for falls,62, 72 but PwMS have highlighted
the use of walking aid as a factor preventing falls.49
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Exercise to improve balance and reduce falls
Decades ago, exercise in PwMS was believed to aggravate the disease or
cause injuries. Today, evidence shows that exercise should be a mainstay of
treatment for PwMS.28 Physiotherapists tailor interventions to reduce or
manage symptoms and maintain or improve function. They also supply suitable assistive technology such as walking aids as well as educating and informing both individuals and their next of kin and promoting overall health.
Physiotherapists strive to assist each individual to achieve the highest possible level of independence.73 Physiotherapy in PwMS should preferably be
individualized and adjusted to improve function for each individual.74 It is
also important to promote physical activity among PwMS, since they are
more physically inactive than healthy controls.75-77 A sedentary lifestyle has
been reported.78 MS-related symptoms may worsen due to low levels of
physical activity.79 Coaching PwMS to find a suitable exercise at the right
level is within the field of physiotherapists’ expertise.
There is some evidence indicating that balance can be improved by exercise
in PwMS,80, 81 and that frequency of falls thus can be reduced.81 However,
the results in studies regarding balance exercise are inconclusive.80

Balance exercise for people with mild to moderate MS
Since balance is complex, there are several ways to exercise for balance.
Various components are involved in the act to achieve balance, and therefore, different types of exercise have been evaluated in the balance exercise
interventions.80, 81 (See Table 1). Studies on combined motor and sensory
training,82 visuo-proprioceptive feedback training,83 vestibular rehabilitation,84, 85 core stability training86 and dual-task training87, 88 have shown
promising results in improving balance and possibly reducing falls. The balance exercise studies have different duration of the intervention, ranging
from 240 to 1440 minutes.
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Table 1. Compilation of exercise studies for people with mild to moderate MS

Study

Participants

Design:
type of exercise
RCT:
- Motor training
- Combined motor
and sensory training
- Control group

Duration of
exercise
10–12 times,
each session
lasting 45
minutes

Results

Cattaneo et
al.82

44 PwMS

Prosperini et
al.83

40 PwMS
(EDSS median
3.5)

Cross-over study:
- Visuo-proprioceptive feedback
training
- Matched controls

6 weeks, twice
weekly, each
session lasting
45 minutes

Improved balance
and reduced falls

Hebert et al.84

38 PwMS

RCT:
- Vestibular rehabilitation
- Exercise control
group including
endurance and
stretching
- Control group

6 weeks, twice
weekly, each
session lasting
55 minutes

Improved upright
postural control in
favour of the vestibular rehabilitation group

Ozgen et al.85

44 PwMS

RCT:
- Vestibular rehabilitation
- Control group

8 weeks, once
weekly, each
session lasting
30–45 minutes

Improved static
and dynamic balance

Freeman et
al.86

8 ambulatory
PwMS

Case series:
Core stability exercise

8 weeks, twice
weekly
+ daily home
exercise programme

Improved balance
and mobility skills

Sosnoff et
al.87

14 PwMS
(EDSS mean
2.1)

RCT:
- Single-task training
- Dual-task training

12 weeks,
twice weekly,
each session
lasting 60
minutes

Trend in improvement of dual-task
gait speed and
visuospatial
memory for the
dual-task group

Monjezi et
al.88

42 PwMS
(EDSS mean
2.8)

RCT:
- Single-task training
- Dual-task training

4 weeks, thrice
weekly, each
session lasting
45 minutes

No differences between the groups

24

Improved balance
and reduced numbers of falls for
the balance exercise groups, with
an advantage for
combined training
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Freeman et al.86 added a home exercise programme, which participants were
encouraged to perform daily. The adherence to the home exercise programme was excellent, 80.5%.86 Adding home exercises to an intervention
can be a way to achieve a habit to keep exercising after the intervention
period is ended. Hoang et al.89 and Sosnoff et al.90 have evaluated homebased exercise exclusively and have reported that a 12-week home-based
exercise programme for people with mild to moderate MS is a safe and effective way to improve balance and reduce the risk of falls.89, 90

CoDuSe balance exercise
Based on the work of Freeman et al.,86 Cattaneo et al.,82 Prosperini et al.83
and Hebert et al.,84 and in a collaboration with a clinically based physiotherapist working with neurological rehabilitation, a group-based balance
exercise programme was developed.91 The aim of the balance exercise programme was to target different factors believed to be of importance in maintaining balance during activities, identified as impaired in PwMS, namely,
core stability (Co), dual tasking (Du), and sensory strategies (Se), with the
purpose of enhancing balance and reducing numbers of falls. The exercise
concept was called CoDuSe. It was evaluated in a randomized controlled
trial (RCT) including 87 people with mild to moderate MS who were able
to walk at least 100 metres and to get up from the floor with minor support,
but who were unable to maintain a tandem stance heel–toe with arms alongside the body for 30 seconds. A waiting-list design was used where the participants were randomized to either an early or late start group. The participants exercised 60 minutes twice weekly for seven weeks. The exercise programme started with 20 minutes of core stability exercises, followed by 15–
20 minutes of dual-task exercises and 15–20 minutes of exercises challenging sensory strategies. The participants were encouraged to maintain focus
on core stability during the exercises targeting dual task and sensory strategies as well. Each session ended with five minutes of relaxation. As a result,
there were statistically significant differences between the intervention and
the control groups in change in the primary outcome measure Berg Balance
Scale (BBS) and in the secondary measures postural sway with eyes open,
functional gait assessment (FGA), MS Walking Scale (MSWS), and Activityspecific Balance Confidence (ABC) Scale in favour of the intervention group.
Hence, the CoDuSe balance exercise increased dynamic balance for PwMS
with mild to moderate MS.91 The intervention also reduced numbers of falls
and fallers. Seven weeks before the intervention the participants in the late
start group fell 166 times, and 53% were classified as fallers. Seven weeks
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after the intervention the falls in the same group were reduced to 43 falls,
and 31% were classified as fallers.92
In this thesis the group-based balance exercise programme will be referred
to as the CoDuSe balance exercise.

Balance exercise for people with moderate to severe disability
Previous research targeting balance and falls in PwMS has mostly included
people with mild to moderate MS. However, recent research has reported
that it is of great importance to develop exercise interventions suitable for
people with more advanced MS, since the consequences of disease progression on overall disability were more prominent in individuals with moderate/severe MS compared to those with mild MS.93
A systematic review of the effects of exercise training in people with severe
disability due to MS has been conducted.94 The authors included 19 articles
with different types of exercise (i.e. aerobic exercise training, n = 3; resistance exercise training n = 2; body weight support treadmill training, n =
8; total body recumbent stepper training, n = 1, and electrical stimulation
assisted cycling; n = 5), but none of them evaluated specific balance exercise.94
However, a few studies have evaluated the effect of balance exercise in people with moderate to severe disability due to MS. Van der Linden et al.95
conducted a group-based core stability exercise programme, Pilates. Twelve
PwMS who used wheelchairs were recruited to a total of 18 hours of supervised, group-based Pilates classes, for 12 weeks. They reported improved
sitting balance after the end of the intervention.95
Built on the results from the case series evaluating core stability exercise,86
a multicentre RCT was conducted.96 This was a three-armed trial which
compared core stability exercise (referred to as Pilates) to standard exercise
and relaxation sessions (controls). The participants in the Pilates and standard exercise groups attended one half-hour session a week for 12 weeks,
with the addition of a 15-minute individualized home exercise programme.
The controls attended three face-to-face relaxation sessions of 60 minutes
duration, at four-week intervals. One hundred participants were included,
having an EDSS score between 4.0 and 6.5. The results showed that the
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Pilates exercise did not significantly improve walking capacity or perceived
balance confidence compared to controls.96

Why qualitative evaluation of exercise is needed
When evaluating a new intervention, it is essential to have several different
aspects in mind, considering both objective and subjective evaluations. In
order to properly highlight participants’ experiences of taking part in a new
intervention, qualitative evaluation is preferred.97-99 Since maintaining balance is a complex task, requiring several different skills in different situations, it is important to know whether the balance exercise improves balance in situations that are hard to handle. Having knowledge of how the
participants perceive the effects of an intervention in everyday life is important, since it’s not known how well the possible exercise benefits transfer
from the exercise room to real life.
There are previous qualitative evaluations of different types of exercise interventions for PwMS.100 However, to our knowledge, only a few studies
have specifically evaluated interventions targeting balance exercise, using
both quantitative and qualitative approaches.95, 101, 102 Two of them evaluated exergaming,101, 102 and one Pilates for wheelchair users.95 In the interviews participants reported that the balance exercise intervention was feasible.95, 101, 102 The two studies evaluating exergaming reported how the balance exercise positively affected balance and walking in everyday life due to
increased body control.101, 102 Independence102 as well as increased confidence in everyday life was reported.95

Next of kin
A family is a group of people who are related to each other either by consanguinity (by recognized birth), affinity (by marriage or other relationship)
or co-residence. Families work as a unit towards homeostasis, or stability
in patterns of functioning.103 Yet, within the family, individual processes of
change and development occur. The need for stability within the family is
possibly the highest when exposed to stress.103 Being diagnosed with MS, or
having a relapse, can be considered a crisis.104
Since MS onset often is in the midst of life, PwMS often share life with a
family at the time. MS affects the whole family, both practically and emotionally,104-106 and the next of kin are also challenged to adapt to this new
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reality.107 Next of kin have reported in a large study that their personal income as well as work life and employment could be negatively affected due
to the fact that their partner has MS.108 The next of kin also described decreased personal freedom, since they no longer can do what they were used
to doing before, owing to a greater responsibility in the family situation.106
They have also described a constant concern about their family member
with MS, a heightened awareness that may lead to restriction in choice of
activities and life choices.105 Next of kin have also described how they feel
uncertainties about the future, since the prognosis of the disease is uncertain,106, 109 something that creates feelings of hopelessness.109 Hence, MS is
a family matter.105 Given the fact that next of kin to PwMS also are affected
by the disease, it is important to focus on the needs of the next of kin as
well as the needs of the PwMS.109
Knowledge is limited on how the lives of the next of kin to PwMS are affected by the fact that their family member occasionally falls. A previous
study of nine individuals with the diagnosis intellectual disability together
with their family members reported that the family members could help prevent falls by adapting the activities performed and the environment in which
they lived.110 The family members also described how it was impossible to
be constantly physically present to give physical support to prevent falls.
Not being able to be constantly present could lead to feelings of anxiety and
guilt connected to the impossible task of keeping their family member from
falling.110 It has emerged as an incidental finding in a previous Swedish study
that next of kin to PwMS are affected by the risk of a family member falling.105
In this thesis the term next of kin will be used to refer to people who reside
with PwMS.
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Rationale
It is important to understand in which situations falls occur in PwMS and
how to tailor interventions and protective measures. Moreover, information
on whether the walking aids used are helpful or hindering for PwMS is crucial in MS care. Most previous studies that describe the circumstances regarding falls in MS have collected data on falls after long period of times or
by using falls diaries, first reported 12 months after the falls occurred.55
Interviews add a deeper understanding of when and why the falls occurred
and offer the possibility of asking follow-up questions to get an overall picture. A long period of time from the event to follow-up can induce recall
bias. Information collected soon after experiencing a fall is therefore of interest to properly describe the circumstances regarding the fall. Such
knowledge can allow healthcare personal to individualize fall preventive
strategies.
Given the fact that balance can be improved and fall frequency reduced with
exercise for people with mild MS, it is of interest to examine whether similar
effects can also be achieved in moderate to more severe stages of the disease,
especially since impaired balance and falls are more frequent in these populations. Also, it is not certain whether a potential change in a clinical outcome measure can be effectively transferred to everyday life for the participant. To provide PwMS with fall-preventing strategies is an important task
for physiotherapists, since falls have been reported to lead to injuries.58, 60
This thesis will contribute to the evidence on whether or not people with
moderate to severe MS also experience benefits from exercising with the
CoDuSe balance exercise. They will provide information on whether or not
the participants themselves found the balance exercise to be useful for them
in everyday life.
It is known that falls due to MS affect the person who falls. It is also known
that MS affect the life of their next of kin. However, it is not known whether
the fact that PwMS fall also affects the everyday lives of their next of kin,
and if it does, in what way. Increased knowledge of the perspective of the
next of kin may enable carers in the healthcare system to provide appropriate support. It is likely that next of kin play an especially important role in
the lives of PwMS, due to the disease’s progressive and multidimensional
symptoms. This study will contribute to a greater societal understanding of
the next of kin’s situation as well that of PwMS.
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Aims
The overall aim of this thesis was to gain enhanced knowledge by investigating when and why people with MS fall and how these falls possibly affect
their next of kin, and also to evaluate the effects and perceptions of participating in a specific balance exercise.
The studies’ specific aims were as follows:
I.

To describe falls and the perceived causes, experienced by people
with multiple sclerosis shortly after falling.

II.

To evaluate the effects of the CoDuSe exercise concept for PwMS
with EDSS score 4.0–7.5, during 7 weeks of twice-weekly, physiotherapist-led 60-minute sessions in groups of two to five people
with the addition of an individually designed home exercise programme.

III.

To describe the experience and perceived effects on everyday life
for people with MS after participating in the CoDuSe programme.

IV.

To describe how everyday life is experienced by next of kin sharing residence with a person who falls due to MS.
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Methods
Design
The data in this thesis were gathered using four separate data collections
during 2014 and 2015. Telephone interviews were conducted with PwMS
who had recently fallen (study I). A balance exercise intervention was conducted where both quantitative and qualitative data were used to evaluate
the effects (studies II and III). Face-to-face interviews were also conducted
with next of kin to PwMS who were frequent fallers (study IV). All studies
were multi-centre studies, eight in total; nine centres participated: five hospitals (the Department of Physiotherapy at Örebro University Hospital, Rehab Clinic at Västerås Hospital, Physiotherapy Clinic at Nyköping Hospital, Physio Therapy Special Care at Gävle Hospital and NeuroRehab at Mälarhospital in Eskilstuna) and four primary healthcare centres
(Brickegårdens Primary Health Care Centre in Karlskoga/Rehab Unit Karlskoga Hospital, Physiotherapy Primary Health Care Centre in Linköping,
Physiotherapy Primary Health Care Center in Motala and Rehab Unit Central Hospital Karlstad), altogether representing six county councils/regions.
Table 2 presents an overview of the four studies.
Table 2. Overview of the study designs and methods
Study

Design

Sample

Data collection
Telephone interviews

Main data
analysis
Content
analysis

I

Qualitative
descriptive

67 PwMS

II

Randomized
controlled pilot trial

51 PwMS

Pre- and postintervention
and follow-up
measures

Mixed
covariance
pattern
model

III

Qualitative
descriptive

27 PwMS

Face-to-face
interviews

Content
analysis

IV

Qualitative
descriptive

20 next of kin

Face-to-face
interviews

Content
analysis
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Study populations
The participants were recruited from seven or eight different centres for
each separate study; see Figure 6. In each centre, clinical physiotherapists
were in charge of the recruitment process for the studies.

Figure 6. Overview of the cities with centres participating in the studies.

For inclusion in studies I, II and III, participants had to have MS diagnosed
according to the McDonald criteria.8
For inclusion in study I, in addition to being diagnosed with MS, the informants had to report at least one fall during the previous three-month
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period and use a walking aid (intermittently or continuously). Potential informants were identified by physiotherapists responsible for recruitment at
each centre. Additional information was given to the informants by contact
with the study leader (doctoral student Anna Carling, A.C.). Informed consent for study participation was obtained. In order to include a broad variety of experiences around the falls and make it possible to quantitatively
rank the categories,111 we strived to acquire descriptions of at least 100 falls.
The informants were enrolled consecutively. In total, 78 individuals were
identified as eligible according to the inclusion criteria and asked to participate. When 67 informants had agreed to participate, the recruitment process ended, since we calculated that at least 30% of the informants would
fall more than once during the study period, based on the international
meta-analysis57 that reported that 37% of fallers are frequent fallers.
Specific inclusion criteria in studies II and III, besides being diagnosed with
MS, were having the ability to walk 20 metres, but not exceeding 200 m
(with or without a walking aid) and ability to transfer between a wheelchair
and a plinth (in order to be able to participate in the intervention). Exclusion
criteria were (1) cognitive symptoms making it difficult to understand study
information, follow instructions or fill in rating scales; (2) having sought
medical care related to impaired walking during the past three months so as
not be in a current or recent relapse; (3) having participated in balance exercise administered by health care personnel during the past 30 days; and
(4) having started or changed medication with 4-aminopyridine during the
past 30 days (a medication promoted as improving walking). Eligible participants were identified by responsible physiotherapists at each centre, using personal knowledge and/or access to the Swedish Neuro Register (with
permission from the registry holder).112 In total, 102 individuals were identified and invited to participate, of whom 51 were included (see Figure 7).
At the end of the intervention period we strived to interview 20 participants;
a purposeful sample of 27 participants was asked to take part in an interview, and all of them accepted participation. To achieve variety in sex, age,
centre and disease burden, a purposeful sample was performed.
Eligible informants for study IV were adults (>18 years) who resided with
PwMS who had experienced and reported a fall in study I. We strived to
conduct 20 interviews. Twenty-two of the participants in study I were asked
for permission to contact their next of kin and invite them to participate in
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study IV, using consecutive sampling. Contact information for the 22 next
of kin was retrieved from the PwMS, and 20 accepted participation.

Procedure and data collection
Fall situations in PwMS, study I
Demographic data were collected via a study-specific questionnaire sent by
mail, including the patient-administered EDSS35 in which the disease burden
is self-rated. The patient-administered EDSS was interpreted by an experienced neurologist to determine an EDSS score in order to describe the disease burden.
The informants were instructed to contact the study leader (A.C.) by e-mail,
text message or telephone immediately after having experienced a fall. A fall
was defined as ‘an unexpected event in which participants come to rest on
the ground, floor, or lower level’.56 The interviews were either conducted
directly at contact, often the same day as the fall, or scheduled shortly thereafter (0–10 days). Each informant could be interviewed a maximum of three
times. Every two weeks, reminders to get in touch if they fell were sent by a
text message.
An interview guide was constructed with four content areas: (1) description
of the fall, (2) regular use of a walking aid, (3) the process when the walking
aid was prescribed, and (4) the role of the walking aid in the fall situation
reported. The first question asked was standardized: ‘Can you tell me what
happened the last time you fell?’ Follow-up questions were asked for deeper
understanding. At the end of each interview, the informants were encouraged to tell the interviewer anything else they wanted to talk about related
to the fall that had not been covered by the interview questions. All interviews were conducted by A.C. and audio recorded with permission and
transcribed verbatim by a research secretary or by A.C. The first interview
with each person reporting a fall included collection of background information and took between 8 and 54 minutes (mean 19 minutes). The second
and third interview took between 2 and 22 minutes.

The CoDuSe balance exercise, studies II and III
A multi-centre, randomized, controlled pilot study was conducted, across
seven centres in five different County Council/Regions in Sweden.
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Using a waiting list design, participants were randomly allocated to intervention with either early or late start, where the late start group served as
control group. The participants allocated to late start were urged to maintain their present physical activity levels.
An external statistician conducted a computerized random allocation sequence with varied block sizes (2–6). Concealed allocation was achieved
using sealed envelopes, which were opened right after baseline measure by
the physiotherapist in charge at each site. Blinding of raters was accomplished with the raters travelling to different centres, unaware of allocation.
Each participant was always measured by the same rater during all occasions.
Since the late start group served as control group, the randomized control
ended after the second measurement occasion, at week eight. However,
quantitative data were collected at three (early start group) or four (late
start group) different measurement occasions: before the intervention (week
0), after 8 weeks, after 16 weeks and after 24 weeks, in order to obtain
follow-up data (see Figure 7). A.C. acted as rater at four of the centres (Västerås, Eskilstuna, Nyköping and Linköping) and as a treating physiotherapist at one (Örebro).
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Figure 7. Flow chart of studies II and III.

CoDuSe balance exercise
As described, the exercises were initially customized to fit PwMS with a
mild to moderate disability. To fit the disability level of the sample in the
present study, an extensive interactive process was performed, including all
participating physiotherapists from all participating centres. During this interactive process, which lasted for one day, the physiotherapists discussed
and received practical training in suitable exercises and the progression of
them to ensure consistency. After the discussions a manual including the
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suitable exercises was created and further discussed in the group until consensus was reached.
The 60-minute group-based balance exercise was given in small groups (two
to five people) twice weekly during a seven-week period with at least one
physiotherapist present. The first 30 minutes were primarily focused on core
stability exercise, that is, controlled leg movements; see Table 3 and Figure
8 for examples. The participants were encouraged to maintain focus on core
stability while performing the remaining exercises, which included dual
tasking and sensory strategies, such as carrying something while walking or
walking on an uneven surface (Table 3).
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Table 3. Examples of exercises and their progression

Core stability

Position

Exercise

Progression

Lie on your back with
knees bent, feet flat
on the floor

Slow movements of
the arms

Heel on the ground,
slow movements of
the arms

Lie on your back with
knees bent, feet flat
on the floor
4-point kneeling

Lift one foot off the
floor and bring
the knee over the
hip so that the
hip and knee are
flexed to 90°
Slide one foot in a
straight line
away from the
body, then slide
foot back to starting position

Dual task,
maintaining
core stability

Sensory strategies, maintaining core stability

Slowly lift the second knee to 90°, to
the tabletop position
When the leg is
straight, lift the leg
slowly off the floor,
then lower and
slide back to starting position

Sitting position on a
Bobath ball

Extend one leg

Extend one leg
while holding arms
across the chest

Sitting position

Move an item from
one side to the
other

Move an item from
one side to the
other without support from the feet

From a sitting to a
standing position

Rising up carrying a
tray

Rising up carrying a
tray, with less support base

Sitting position

Sitting on a soft
surface

Sitting on a soft surface with eyes
closed

Standing

Standing on a moving surface

Standing on a moving surface while
juggling with a balloon

Throughout the intervention period, the participants were encouraged and
instructed by the physiotherapist to progress to more challenging exercises
when suitable.
In addition, they were given an individually tailored home exercise programme with two to five exercises. Progression of the exercises was continuously adjusted by the physiotherapists.
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Figure 8. Examples of exercises

Study II
Four physiotherapists were responsible for the testing procedure and
blinded to which group the participants were randomized to. Each participant was always measured by the same physiotherapist. Prior to the study
start, the data-collecting physiotherapists were given a half day of training
to minimize systematic differences in rating and measuring the participants’
performance. An optional walking aid was allowed for the walking tests.
Each participant’s chosen walking aid was then used consistently by the
participant at each assessment.

Outcome measures
The primary outcome measure was the Berg Balance Scale (BBS),113 an outcome that measures static and dynamic balance using 14 items rated from
0 to 4, giving a maximum score of 56. A higher score indicates better balance. The BBS is a valid and reliable test for PwMS.114-116
Secondary outcome measures were as follows:
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•

The Fatigue Scale for Motor and Cognitive Function (FSMC),117 is
divided into two subscales and measures motor and cognitive fatigue. Each scale contains 10 items, and the 20 items in total have
a maximum score of 100. A high score indicates severe fatigue. It
has a high internal consistency as well as test-retest reliability and
discriminates between PwMS and healthy controls.117

•

The Trunk Impairment Scale (TIS)118 measures trunk stability while
sitting, using three subcategories (static, dynamic and coordination)
and has a maximum total score of 23. A high score indicates stability. It is valid for PwMS.119

•

The timed sit to stand (TstS) test measures time while performing
five repeated transfers from sitting to standing.120 The test was
slightly modified for safety reasons; instead of crossing arms over
the chest as the original test procedure suggests, hand support was
allowed. The test is valid for people with moderate MS.121

•

Postural sway in standing without shoes was measured using a
sway meter,122 where an area from dash of the pen occurs. Two
different conditions were tested, with eyes open and with eyes
closed for 30 seconds.122

•

The Falls Efficacy Scale–International (FES-I) is a self-rating scale
that measures the concerns about falls in 16 everyday life situations.
A high score indicates considerable concern about falls. It is a valid
and reliable self-rating scale for PwMS (maximum score = 64).123,
124
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•

The 12-item Multiple Sclerosis Walking Scale (MSWS) measures
the perceived walking ability, where the participants rate the extent
to which MS has limited their walking ability during the past two
weeks. The maximum score is 100, where a high score indicates
higher limitation. The test is valid and has a high internal consistency as well as test-retest reliability for PwMS.125

•

Timed up and go (TUG) measures basic mobility.126 Time is registered from when the person arises, walks 3 metres, turns around,
walks back and sits down again. A test trial was allowed, and one
ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

attempt was registered.127 TUG is a valid and reliable test, with high
test-retest reliability for PwMS.114, 116
•

The 10-metre walk test (10WT)128 measures walking speed. Time
to walk 10 metres, quickly but safely, starting from a standing-still
position was registered. Two attempts were performed and the
mean value was used in further calculations. The test has high interrater and test-retest reliability for PwMS.129

•

The 2-minute walk test (2MWT)130 measures walking endurance.
The test was conducted using a 15-metre pathway in a quiet corridor. Walking speed during two minutes and metres walked during
that time both have a discriminatory property for degree of MS severity.131

Clinically administered and patient-reported outcomes were always performed in a standardized order: FSMC, TIS, TstS, postural sway, BBS, FES-I,
MSWS, TUG, 10WT and 2MWT.
Disease burden was measured at the first test occasion (week 0), using the
patient-administered EDSS.35 The ratings were interpreted by an experienced neurologist to determine a current EDSS for each participant, to enable description of the study sample.
To describe the participants’ cognitive functioning, the recommended outcome measure Symbol Digits Modalities Test (SDMT) was used at the second test occasion (week 8).132, 133 The test measures information processing
speed and episodic memory.
Falls and near falls were prospectively reported daily from baseline to follow-up using a diary. Weekly reminders to fill in the diary were given by
the physiotherapist after each session and by text message from the study
leader. The diary also contained information regarding adherence to the
home exercises. The diaries were collected by the physiotherapist responsible for the intervention or the rater at each centre during measurement occasions, or posted to the study leader in a pre-paid addressed envelope.
To detect a three-point reduction in BBS, with a two-sided 5% significance
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level and a power of 80%, a sample size of 45 was required. We aimed to
enrol at least 50 participants to account for possible dropouts.

Study III
The participants were first invited via letter and later contacted by telephone
by A.C. to schedule an interview at a location chosen by the participant.
The majority chose their own homes, three preferred to be interviewed at
the local hospital and one chose a local café. The interviews were conducted
2–10 weeks after the whole intervention period finished (see Figure 7). We
strived to interview at least 20 participants.
A semi-structured interview guide was developed by discussion in the research group, and was further discussed with experienced physiotherapists
who acted as treating physiotherapists during the intervention. The initial
question was always: ‘You participated in the CoDuSe balance exercise programme; can you tell me about your experience?’ Follow-up questions from
the interview guide were then asked to get information on both the experience of the exercise intervention as well as their perceived effects of the exercise on their everyday life. A.C. conducted all interviews, which lasted
10–37 minutes (mean 22 minutes) and were recorded with permission. They
were later transcribed verbatim by two experienced research secretaries.

Next of kin, study IV
Face-to-face interviews were conducted by A.C. between November 2014
and June 2015 and took place in the participant’s home (n = 12), at a local
hospital (n = 6), at a local restaurant (n = 1) or at the participant’s workplace (n = 1); the location was chosen by the next of kin. A semi-structured
interview guide was used with the standardized opening question: ‘Your
next of kin sometimes falls; please tell me how that affects you’. Follow-up
questions were asked in order to capture information about feelings, actions
and customizations in different areas of life. The interview guide was created through discussions in the research group, and later on tested on a next
of kin to a person who had recently fallen (not due to MS). The participants
sometimes talked about the situation regarding MS as a whole, since falling
is only a part of it. However, they were always led back to focusing on how
the falls affected them. The interviews were recorded with permission from
the participants and took between 27 and 51 minutes (mean 38 minutes)
and were transcribed verbatim by experienced research secretaries.
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Data analysis
Quantitative data analysis, study II
The between-group comparisons were performed using intention-to-treat
analyses with a mixed covariance pattern model for repeated measures data.
An unstructured covariance matrix was used with adjustment for sex, age
and MS subtype at baseline. This analysis takes care of missing data in an
optimal way.134 Effect size (ES) for change between two groups was calculated (mean difference/pooled standard deviation (SD)) and for change
within groups (mean differences/SD for the differences). The overall trend
for number of falls and near falls in the late-start group was estimated using
the slope from a linear regression within each participant. The overall trend
was tested with the Wilcoxon signed-rank test over the participants. For
comparison over time, the Wilcoxon signed-rank test was used for continuous variables. For the statistical analyses SAS System version 9.4 (SAS Institute, Cary, NC, USA) and SPSS version 22.0 (IBM Corp., Armonk, NY,
USA) were used.

Qualitative data analysis, studies I, III and IV
All qualitative data in the studies (I, III, IV) were analysed with qualitative
content analysis, however with different depth and approaches.111, 135, 136 The
choices of analytical method were made based on the aim and content of
the interviews. The interviews concerning the falls (study I) were analysed
using a manifest analysis,111 while the interviews concerning the experience
and perceived effects of the exercise intervention (study III) had a latent
approach, but were still kept close to the text.135 The interviews with the
next of kin (study IV) were latently analysed interviews.136
The initial steps in all three studies were the same. The recordings were listened to and compared to the written transcripts by A.C., in order to correct
any eventual errors or ambiguities. The transcripts were then read several
times in their entirety to get an overall view of the material, by A.C. and the
co-authors. The interviews were all condensed on the basis of the aim by
A.C. After these steps, the analyses differ.
In the interviews concerning falls (study I), first, a manifest analysis was
performed in which the overall activity in the fall situation was analysed
and qualitatively ranked, as described by Weber.111 This analysis was kept
close to the text. Later, when analysing the perceived possible causes for the
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falls, a more latent approach was used, as described by Graneheim and
Lundman.136 The codes were grouped together into categories. During this
process, codes were moved back and forth between categories. To attain
homogeneity within the categories, the categories were organized to be exhaustive and mutually exclusive.
In the interviews concerning the experience and perceived effects of the exercise intervention (study III), the content analysis was performed as described by Elo and Kyngäs.135 In the preparation phase the whole interviews
were selected as the unit of analysis. Only the manifest content, that is the
text, was analysed. After preparing the data previously explained, the organization of the data continued. Open coding based on the purpose was
written down and fused together, creating a coding sheet. The codes were
then grouped together in to subcategories, in order to describe the similarities and differences in the participants’ statements. The subcategories were
grouped together as categories, and the categories were abstracted to generate a general description using an overall theme for the categories. There
was a constant moving back and forth in the process. In the reporting, the
results are the described content of the categories, and the content of the
categories is described through subcategories.
In the interviews with the next of kin, study IV, a latent content analysis
was conducted.136 The interviews were extracted on the basis of the aim and
brought together into one text, which constituted the unit of analysis. This
text was then divided into meaning units related to the aim. The meaning
units were also condensed. The whole context was considered when condensing and labelling the meaning units with codes. The codes were compared and grouped together into nine categories based on differences and
similarities into nine categories, constituting the manifest content. This was
an extensive process moving back and forth through the steps of the analysis. A latent analysis of the categories was then conducted, and grouped
together into three themes. An abstraction of the three themes resulted in
an overall theme, which covers the whole material.
In all three qualitative studies the analysis was primarily conducted by A.C.,
but every step in the process was continuously discussed with the co-authors
until consensus was reached. Authentic citations from various interviews
were selected in all studies to illustrate, reflect and support the results as
well as to strengthen the trustworthiness. All interviews were carried out in
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Swedish, and the citations were translated into English by a professional
translator. As help in the analysis, versions 10 and 11 of the N-Vivo software package (QSR International, Victoria, Australia) were used during the
analytical processes.
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Ethical considerations
All studies were conducted following the Helsinki Declaration of ethical
principles for medical research involving human subjects.137 All studies were
ethically approved by the Regional Ethical Review Board in Uppsala, Sweden (ref 2014/302 date of approval 2014-08-13 for studies I, II and IV, and
additional application ref 2014/302/1 date of approval 2015-02-10 for
study III).
Informed written consents were mandatory for all participants in all studies.
The participation was voluntarily and consent could be withdrawn at any
time. It is possible that, by interviewing or evaluating them by outcome
measures, we could make the participants aware of their possible problems
with balance and falls. An increased attention to the problems could lead to
increased awareness and thoughts about their potential shortcomings.
By using a waiting-list design in the balance exercise, studies II and III, all
participants were able to take part in the exercise at some point. Participants
were motivated to exercise, and it is therefore ethical to offer all of them the
possibility. However, the participants might have felt a great need for the
exercise ‘right now’ and not in two months. Intervention was randomized
without making individual assessments as to when exercise would be most
suitable. Also, since this was a study performed in clinical practice, no other
balance group exercise was offered to this group of people during that time.
PwMS not participating in the study may have missed the opportunity to
practice balance exercise in groups, possibly receiving physiotherapy individually instead.
When participating in a balance exercise intervention where the balance is
challenging, during both exercise and measurement, adverse events are possible. This demands experienced physiotherapists both when measuring balance as well as when leading the balance exercise. To provide safety during
the group exercises, as the participants in studies II and III did have moderate to severe MS, the sizes of the groups were smaller than those in a previous study evaluating CoDuSe.91
Recruitment of next of kin through other informants may also raise ethical
considerations, as in study IV, and is worth mentioning. Informants were
asked for permission to contact a cohabiting next of kin. The interviews
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with the next of kin were deep and personal. It is possible that asking questions about one’s life situation might raise unprocessed feelings. It is also
possible that the next of kin discussed questions and feelings with the PwMS
or the rest of the family.
The participants in all studies were able to, at any time, contact the study
leader if questions or uncertainties appeared. The participants in studies I,
II and III all had a local contact within the health care system at each site in
case something unexpected occurred. Participants in study IV could be referred to a suitable person within the health care system, if necessary.
Despite all possible ethical dilemmas, the benefits from participating in the
studies were considered to outweigh the disadvantages.
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Results
Fall situations in PwMS, study I
In total, 106 interviews were conducted, resulting in 115 unique fall situations. Of the 67 informants, 85% (n = 57) reported at least one fall, and
48% (n = 32) reported multiple falls. Some informants experienced multiple
falls within a short period of time and could report more than one fall during an interview.
The informants had a moderate to severe disability (EDSS score 3.5–7.5;
median 6.0), and most of the informants were females (73%). They were
most likely using a walking aid, both indoors (70%) and outdoors (94%).
The content analysis resulted in two different categories: ‘Activities when
falling’ represents the main activity performed when the fall occurred, and
‘Influencing factors’ are the factors that the informants themselves believed
to have influenced the fall situation. Each category is constituted by three
and six subcategories, respectively (see Figure 9).
Most frequently, the reported falls occurred indoors (78%), in the informants’ own homes. The falls occurred during performance of everyday activities. Despite the risk of falling, it was still considered important to continue
activities rather than avoiding them. According to the informants, to do
otherwise would have constrained their lives significantly. Most of the falls
occurred while engaging in basic ADL (46%), such as transfers and personal
hygiene. Second, most commonly the informants fell during instrumental
ADL (38%), while performing household chores or preparing meals or
when moving about within the community. The remaining falls (18%) occurred either during leisure activities such as horseback riding or during
work hours.
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Figure 9. Schematic overview of the subcategories within the categories ‘Activities
when falling’ (square) and ‘Influencing factors’ (circles). The falls can be affected by
intrinsic factors (inner circle) during one activity (square), which can be affected by
extrinsic factors (outer circle).

Several different factors, individually or in combination, had induced falls
because of a sudden loss of control. The factors described were both intrinsic (MS-related symptoms, fluctuating body functions, being distracted and
losing body control) and extrinsic (challenging surrounding and involvement of walking aid). The intrinsic factors could all be related to having
MS, and the impact on falls due to fluctuating symptoms within a day is a
novel finding. Intrinsic factors can influence extrinsic factors, and vice versa,
which impinge on the activities performed.
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The fall situation as a whole appeared in commonly performed activities,
influenced by both intrinsic and extrinsic factors, schematically demonstrated in Figure 9 and in the citation from informant 8:
It was early in the morning. Then of course I have the bathroom a ... So then
I start walking, using the walker. It’s a little less than 10 metres to the bathroom. And when I have to get up and go to the bathroom. I’m in quite a
hurry. So with the walker I get myself into the bathroom, feel the pressure,
and with my last few steps I’m really rushing, and then I trip. I walk with the
walker in front of me then, and I swing myself around it. Then I walk up to
the toilet seat, but this time I didn’t do that – instead, I went straight for the
toilet seat, because I was in such a rush, you know? And then I feel I really
have to go, so I pull down my trousers and position myself, I position myself
at the toilet, hovering over the toilet. And at the same time, I stumble on one
of the wheels of the walker.

The walking aid was reported present in 35 (30%) of the fall situations, and
was not used properly in 24 (21%) of the falls. The majority (72%) of the
informants who reported a fall perceived that they never received any practice at all in how to use the walking aid, when the walking aid was prescribed. Some mentioned that they had received verbal information regarding how to use it and that practical adjustments were made to fit the user.
Only four participants talked about taking part in a shorter practice (5–30
minutes) in use of the walking aid at the healthcare location.

CoDuSe balance exercise, studies II and III
In total, 51 participants were included in the CoDuSe balance exercise pilot
RCT, and afterwards, 27 were interviewed. Dynamic balance, measured
with BBS, was significantly different, and there was clinically relevant improvement (mean 3.65 points) in favour of the intervention group (p =
0.015). The perceived walking limitation measured with MSWS showed
borderline significant improvement (mean 7.21 points), again in favour of
the intervention group (p = 0.051). There were no significant between-group
differences for the other objective outcome measures. See Table 4.
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Table 4. Intention-to-treat analysis of within-group and between-group
changes from baseline to follow-up

Bergs Balance Scale
(0–56)
Timed up and go,
seconds
2-minute walk test,
minutes
Timed sit-to-stand
test, seconds
10-metre walk test,
seconds
Postural sway, eyes
open, area (mm2)
Postural sway, eyes
closed, area (mm2)
Trunk Impairment
Scale (0–23)
Falls Efficacy
Scale–International
(16–64)
MS Walking Scale
(0–100)
Fatigue Scale for
Motor and Cognitive Functions, total (0–100)
Fatigue Scale for
Motor and Cognitive Functions, motor (0–50)

Intervention group
(n = 25)

Control group
(n = 26)

Change, mean
(95% CI)
Effect size
p-value

Change, mean
(95% CI)
Effect size
p-value

Difference
Intervention – control
Change, mean
(95% CI)
Effect size
p-value

4.57 (2.47; 6.66)
4.40
p < .0001
-0.95 (-5.57; 3.68)
-0.41
p = 0.68
-0.23 (-5.57; 3.68)
-0.09
p = 0.93
0.33 (-2.81; 3.47)
0.21
p = 0.83
0.92 (-4.72; 6.56)
0.33
p = 0.74
21.57 (-737.84;
780.99)
0.06
p = 0.95
-501.85 (-1898.01;
894.32)
-0.73
p = 0.47
1.02 (-0.31; 2.35)
1.54
p = 0.13
-0.32 (-3.79; 3.14)
-0.19
p = 0.85
-6.65 (-11.88; 1.42)
-2.56
p = 0.014
-2.43 (-6.53; 1.67)
-1.19
p = 0.24

0.92 (-1.08; 2.92)
0.92
p = 0.36
-5.35 (-9.75; -0.96)
-2.45
p = 0.018
3.01 (-1.64; 7.65)
1.30
p = 0.20
0.09 (-2.82; 2.99)
0.06
p = 0.95
-0.57 (-5.86; 4.72)
-0.22
p = 0.83
-105.30 (-851.39;
640.79)
-0.28
p = 0.78
-861.65 (-2179.09;
455.79)
-1.33
p = 0.19
-0.02 (-1.30; 1.26)
-0.03
p = 0.97
1.34 (-1.99; 4.66)
0.81
p = 0.42
0.56 (-4.45; 5.57)
0.22
p = 0.82

3.65 (0.75; 6.54)
3.66
p = 0.015
4.41 (-1.97; 10.79)
2.00
p = 0.17
-3.24 (-10.03; 3.65)
-1.39
p = 0.34
0.24 (-4.03; 4.52)
0.17
p = 0.91
1.49 (-6.24; 9.23)
0.56
p = 0.70
126.87 (-937.68;
1191.43)
0.35
p = 0.81
359.81 (-1560.05;
2279.66)
0.55
p = 0.71
1.04 (-0.81; 2.88)
1.63
p = 0.26
-1.66 (-6.46; 3.14)
-1.00
p = 0.49
-7.21 (-14.46; 0.03)
-2.89
p = 0.051

-0.98 (-4.92; 2.96)
-0.50
p = 0.62

-1.45 (-7.14; 4.24)
-0.74
p = 0.61

-2.20 (-4.52; 0.13)
-1.90
p = 0.063

-0.61 (-2.84; 1.63)
-0.55
p = 0.59

-1.59 (-4.82; 1.64)
-1.43
p = 0.33
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In the interviews, participants described the CoDuSe balance exercise as facilitating their everyday lives. They reported that taking part in the CoDuSe
balance exercise provided a novel awareness of their core muscles and how
to activate the muscles. The activation also became more automated in everyday life activities. Having this awareness and ability led to a feeling of
control over the body as well as functions such as balance, strength and
postural control, and consequently, an improved bodily confidence. The
participants described how improved bodily confidence as well as enhanced
control of the body facilitated making everyday life activities safe and easy
to perform. This was believed to improve their mobility, make activities
easier and reduce the numbers of falls. It was described as increasing their
independence and participation. It made them feel less dependent on others
and more confident. Moreover, walking aids were used to a lesser extent.
For a schematic overview of the result of the analysis, including the overall
theme, categories and subcategories, see Figure 10.

Figure 10. Schematic overview of categories, including subcategories, constituting
the overall theme ‘Balance exercise facilitates everyday life’.
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Only for the group of participants who started in the late group (n = 26),
were falls diaries available from before (weeks 0–7), during (weeks 8–15)
and after (weeks 16–24) the balance exercise intervention (n = 22). During
the whole study period of 24 weeks they reported in total 245 falls and 2220
near falls, giving a falls rate of 1.28/person/month and a near fall rate of
11.64/person/month. An overall positive, statistically significant trend with
a successive reduction of falls was found for the numbers of falls (p =
0.0006) and near falls (p = 0.0018) before, during and after the balance
exercise. Mean falls dropped from 4.18 before the intervention to 1.68 after,
and near falls from 23.2 before to 8.64 after, as shown in Figure 11. The
reduction of falls was also described in the interviews, here by participant
27:
I don’t fall at all now ... not any more, because my core is always engaged.

Number of falls and near
falls

25
20
15

Falls

10

Near falls

5
0
Week 0-7

Week 8-15

Week 16-24

Figure 11. Falls and near falls, before during and after the intervention.

Compliance with the supervised exercise was excellent, median 13 of 14
sessions. As to adherence to the home exercise, 48% achieved the goal of
performing the home exercise twice weekly. The informants also described
in the interviews how they thought that the balance exercise could fit into
their everyday schedule without too many alterations. They found the Co-
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DuSe balance exercise suitable to target balance. It was considered challenging but still feasible. Although the participants all had different prerequisites
and physical functions, they were able to get individual adjustments and
recommendations from the physiotherapists leading the balance exercise.
This was described as important, since the balance exercise were considered
as a brand-new way to approach balance exercise. The participants also
expressed how they could use what they had learned in the balance exercise
in everyday life, here explained by one of the participants:
I stood, on my own steam, and felt I could now say to my body: ‘OK, I’m
the one in charge now.’ And I stood here and ... and just the feeling, it was
almost an ah-ha moment, I swear! And so that’s when I learned that. And
that’s useful to me all the time, every day. [Participant 18]

Next of kin, study IV
The overall theme of the analysis is ‘Making it work’. This overall theme
manifests how the next of kin describe struggling, in different ways in various areas of life, to make it work – making it work for themselves, for the
PwMS and for the whole family. The overall theme is constituted by three
different themes, where the first two, ‘Taking responsibility’ and ‘Making
adjustments’ reflect actions they take to make it work. The last theme,
‘Standing aside for someone else represents what they don’t do, what they
renounce, in order to make it work. See overview in Table 5.
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Table 5. An overview of the analysis: the overall theme, themes and categories.

Making it work
Taking responsibility

Making adjustments

Standing aside for
someone else

Being one step ahead

Making practical adjustments

Putting oneself to the
side

Always on the watch

Making emotional
adaptions

Abstaining from social activities

Assisting in daily life
activities

Adjusting to a slower
tempo

Feeling worried or
frustrated

Taking responsibility represents how the next of kin had to take responsibility to a greater extent than before, in different ways and in various areas
of life. This was not always a conscious choice, but rather was something
they felt obliged by themselves, and sometimes by the PwMS, to do in order
to make daily life work. They described how they needed to take on responsibility that they normally wouldn’t have, if the fall risk due to MS was not
present.
Yes, there’s a lot of extra things involved, and you have to think. Nowadays,
you have to plan your activities. Two years ago, I didn’t have to think so
much when we wanted to do something, but in the past two years I’ve been
forced to plan and think things through. [Participant 2]

Making adjustments where needed in order to make it work. When planning or trying to foresee possible situations that could result in a fall was
not enough, the next of kin described how they needed to make adjustments. The adjustments might not only be conscious choices but also happen unconsciously over time, in striving to make it work. The adjustments
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could be practical, such as moving to a new home, rearranging the existing
home or changing activities performed, and emotional, such as feelings
about rearranged roles in the relationship or how they looked upon life.
We’ve moved, of course. That has meant an enormous change in our physical
environment. [Participant 6]

Standing aside for someone else represents how the next of kin, despite the
adjustments made, were forced to renounce or forego events and activities
and to put themselves aside in advance for the PwMS, to make everyday life
work. They described how they put being there for the PwMS before their
own interests. They also felt obligated to stay at home to keep the PwMS
safe from falls. They abstained from social activities, which could cause a
feeling of alienation and loss of friends. They also felt worried and/or frustrated over the situation.
Sometimes it can be a bit boring. I’ve lost some friends because I haven’t been
able to get together with them the way we always did before. That’s disappointing. [Participant 3]
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Discussion
Major findings
People with MS fall in the course of everyday life activities, most often in
their own homes due to various intrinsic and extrinsic factors. Balance can
be improved, falls reduced and everyday life may be made easier and facilitated after participating in the CoDuSe balance exercise. This is important
also for next of kin, since they are adapting, adjusting and renouncing their
activities due to the falls of the PwMS, in order to make it work for the
whole family. The results of all studies are shown in Figure 11 below.

Figure 11. Overview of the results of this thesis.

Fluctuations of symptoms may occur within and between days. Fluctuating
symptoms within a day make it difficult for PwMS to know their physical
abilities at that specific moment in a particular activity that could cause a
fall.
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By participating in balance exercise including core stability, dual task and
sensory strategies, dynamic balance can be improved and the number of
falls reduced. Taking part of the CoDuSe balance exercise was considered
to facilitate everyday life in different aspects. The participants described
how they learned to activate their core muscles and how they could activate
them in everyday life activities. This made them feel more confident in the
body, since they could control it. Having this control made their activities
safer and easier to perform, leading to increased independence and participation in daily living.
Falls by PwMS also affect the next of kin, who have to take a greater, different responsibility over the relationship and the family. They have to
adapt, both practically and emotionally, to the fact that the PwMS occasionally falls. When adaptation is not possible, they need to curtail their
own activities and stand aside for the PwMS, in order to make everyday life
work.

Fall situations in PwMS
The novelty of the data in study I is that the information was collected immediately or very soon after the falls occurred.
As reported in the results of the present thesis, 85% of the informants fell
during the study period. This finding confirms the fall frequency to be high,
as previously reported in an international meta-analysis; however, that
study reported a slightly lower fall frequency, 56%.57 A possible explanation for the difference could be the higher EDSS score in the present thesis
(5.9 vs 4.3).57 The fact that the informants in the present thesis reported
the falls as occurring most often in their own homes while performing
everyday life activities could be an expression that much of the time is spent
at home. A higher EDSS score could mean that they are less actively
involved in out-door activities in society. People with a lower EDSS score
had a higher fre-quency of falls outdoors.57 Most of the falls were reported
to occur during basic ADL, such as transferring, walking or engaging in
personal hygiene. Moving around in the home and transferring are
activities frequently per-formed. For example, rising up from a chair and
sitting down again has been reported to be performed approximately 50
times a day by commu-nity-dwelling adults,138 making it an activity
impossible to stop doing. Ad-justments can be made, and strategies to
perform transfers from sitting to
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standing can be created; however, PwMS can’t completely stop performing
them. Falling during general mobility activities60 or during transfers and
walking58 has also been described previously. Only 14 of the 67 included
informants were still working, also a possible reason for more time spent at
home. Of the 14 informants still working, 12 reported falling during the
study period. Still, only three of the falls were reported to occur at work.
Undertaking extra safety precautions to guard against falling in the company of coworkers, and possibly with others in public places (i.e. outdoors),
is a possible explanation. Another possible explanation is that PwMS feel
more comfortable in their own homes, making them less wary in their activities and movements.
The informants described how it was perceived as important to keep performing their everyday chores, such as household work or other domestic
chores. This underlines the importance of evaluating the risk factors for falls
for each individual, to maintain the ability to be active in everyday life. A
review by Quinn et al.139 concluded that clinical outcome measures have
poor predictive ability for fall risk in PwMS, stressing the importance that
the team of health care professionals around the PwMS needs to identify
potential fall risk factors for each individual.
The intrinsic factors often interacted with each other, making it difficult to
determine one single explanation for the fall. Intrinsic factors were more
frequently reported than extrinsic factors. The fact that the fall risk fluctuates over time is previously known;140 however, the results in this thesis suggest that it also fluctuates within a day; a fluctuation that could be instantaneous within a day is a new finding. The intrinsic factors might be related
to the three balance difficulties (delayed response to postural perturbations,
increased sway in quiet stance and reduced ability to move towards limit of
stability) described in a review as causing falls,44 with the addition of the
dual-task problematics. They can also be related to static, dynamic, proactive and reactive balance.
Cognitive function has previously been related to fall frequency in PwMS,141
as well as the need for dual tasking.49-51 One strategy to compensate for
impaired balance is to use walking aids; however, this requires dual tasking.71 The literature has been inconclusive when it comes to the use of walking aids. While some studies have reported the use of walking aids to be a
risk factor for falls,62, 72 PwMS have reported the use of walking aids as
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helpful in maintaining balance.49 The majority of the informants in the present thesis described their walking aids as facilitating rather than hindering
them in everyday life. However, a vast minority received actual practice in
how to use their new walking aid when it was prescribed, and no one received practice in the environment in which the aid was intended to be used.
Since walking aids were used incorrectly in 24 of the 35 falls where the
walking aids were present, it seems important to ensure correct adjustment
of the walking aid, as well as to offer practice in optimal and functional use
of the walking aid. Clinicians prescribing walking aids should be aware of
the importance of optimizing the use of a walking aid, with the aim of reducing falls. Thorough follow-up on prescribed walking aids, by the prescribing physiotherapist within the healthcare system, is warranted. To reduce risk of falls, both intrinsic and extrinsic factors must be targeted.

CoDuSe balance exercise
The CoDuSe balance exercise reduced the number of falls, as both measured
with the study-specific fall diary and described by the participants themselves in the interviews. The falls also, as shown in this thesis, reflect on and
affect the lives of their next of kin. The fact that the CoDuSe balance exercise reduced the number of falls is in line with previous evaluation of the
CoDuSe intervention,92 where both fall frequency and number of fallers
were reduced. It is also in line with previous research indicating that the
number of falls can be reduced with exercise.81
Balance, measured with BBS, was statistically significantly improved after
the CoDuSe balance exercise in participants compared to the controls, results that are in line with previous results where balance has been described
as improved for PwMS with mild to moderate MS after participating in the
CoDuSe balance exercise.91 BBS was chosen as the primary outcome measure, a measure that contains items challenging both static and dynamic balance.113 Almost all of the items contain movements or challenges that were
described as having influenced the fall situations in the interviews included
in this thesis (study I), such as reaching forward, picking up something from
the floor or enacting a 360° turn. Besides statistical significance, clinical
relevance of changes should be pondered. Minimal detectable change for
the BBS has been suggested to vary between 3 and 7.116, 142 The studied samples vary in size (n = 24–120) and in EDSS score (0–6.5). A study investigating sensory integration rehabilitation with an EDSS median of 3.0 used
the minimal detectable change of three points.143 Since the included sample
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of the present study had a higher EDSS median (6.0), and 89% were expected to have a progressive MS, we therefore settled for a three-point
change, which was exceeded.
The participants described an improvement in core stability as well as walking ability, in the interviews but not in the objective outcome measures. The
secondary outcome measures evaluating core stability or walking ability all
included time elapsed, which can be a possible explanation for the differences. The focus of the balance exercise was to activate and control the core
muscles and then to maintain focus on the core stability while performing
the remaining exercises, hence, making controlled movements. Evaluating
that with outcome measures based on time could be one reason why there
were no differences between the groups. Lack of statistically significant improvement in the outcome measures evaluating time may be due to the fact
that the participants became better and more thorough in the execution, not
faster. Since there are various individual factors that influence each individual, an outcome measure suitable for each individual in this group of people
can be challenging to find. This also stresses the importance of asking the
participants to describe their own experiences after taking part in a balance
exercise like this. The complementary results of the two studies indicate the
importance of using both qualitative and quantitative evaluations of an intervention.97, 99
Interviewing the participants after the CoDuSe balance exercise intervention
captured thoughts on how their everyday lives were affected. They received
a new awareness on how to control the core muscles while performing functional tasks that required dual-task or sensory strategies, which were considered important for them. Even though the evidence for core stability exercise in PwMS has been equivocal,86, 91, 96 the participants in this thesis perceived that the balance exercise containing core stability as one component
made them feel safer while performing various ADL. They described how
feeling safer facilitated their activities and enhanced their perceived participation, an important effect, since previous studies have reported participation to be restricted amongst PwMS,52, 53 a restriction that increases with
disability level.52 Both avoidance of social activities and isolation are associated with lower health-related quality of life, while high health-related
quality of life is associated with social participation.144 The importance of
enhancing participation for PwMS, especially those with a higher EDSS, is
therefore of great value.29
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Notable is that the participants described how they could be more active,
and have a greater participation, while at the same time they described how
they did not need to use walking aids to the same extent after taking part in
the balance exercise. Activity limitations have been reported to influence the
probability of using a walking aid.145 At the same time, it has been reported
that use of walking aids can diminish activity limitations.146 Results in the
present thesis show that walking aid use does not automatically mean increased activity level. After participating in the CoDuSe balance exercise,
the participants described how they were more active and how they used
walking aids to a lesser extent. They described how they felt more confident,
giving them a feeling of trust in their ability to accomplish tasks that they
had not been able to manage before. The balance exercise possibly generated self-confidence in the activities that the walking aid could not.
The participants described the CoDuSe balance exercise as affording a new
awareness of the core muscles and found the content suitable for targeting
balance. They also described the balance exercise as feasible and challenging. Facilitating factors for exercise in PwMS have been reported to be both
environmental and personal.100 The CoDuSe balance exercise was performed in groups, but the balance exercise was still individually adjusted
based on the participants’ own abilities. Exercising in these groups gave the
peer support and social interaction described as facilitating for physical activity,100 but still allowed the exercise to be individually tailored to each
participant, which has also been described as facilitating.100 It has been reported that it is important to individualize the exercise for the neuroplasticity to be optimal for each participant.147 When the exercise is led by a knowledgeable and skilled physiotherapist with previous experience in MS, the
likelihood that the movements are correctly performed is enhanced. The
participants described how they could get feedback and guidance from experienced physiotherapists regarding the control, the intensity and the progression of the exercises, based on their own physical ability.

Next of kin
Next of kin are affected, in terms of adjustments and responsibility, by the
fact that their cohabiting relative falls, but they are also forced to sometimes
stand aside for someone else. They are determined to make their mutual life
together work. This is described by the next of kin, but it involves and affects them also as a couple and as a whole family. It has previously been
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described how MS being a neurological disease affects the whole family.105,
106
The results of the present study reveal that, besides MS in a broader
perspective, falls specifically, have an impact on the next of kin to PwMS.
The participants in the present study were next of kin who had chosen to
stay in a relationship or to continue cohabiting with a parent. They described how, due to the fact that the PwMS experience falls, they in a sense
came to surpass the PwMS, at least physically, and sometimes cognitively,
making them no longer equal in the relationship. Changes in the relationship with a PwMS have previously been described by next of kin,148, 149 as a
consequence of MS as a whole.149 The relationship has been described as
more care-based after the diagnosis,148 and the probability of remaining in
a relationship compared with a relationship between two healthy people has
been reported to be significantly diminished.150 A Danish study showed that
the probability of remaining in a relation after 24 years where one of the
partners had MS was 33%, compared to a 53% probability in the healthy
controls.150 It has been reported that when the woman in a heterosexual
relationship is diagnosed with a severe disease (e.g. cancer, brain tumour or
MS) there is a six-fold increase in risk for a separation, compared to when
the man is diagnosed.151 Since MS is more common in women then in men,
a higher separation rate is possible. As the present study confirms the next
of kin having to take on an increased responsibility when the PwMS begins
to fall, which alters the roles in the relationship, it is important for the
healthcare system to offer emotional support, including to the next of kin.
The next of kin described how they needed to adapt themselves and adjust
their lives to make the situation as well as the relationship work. They have
previously described how it is important to receive ongoing information
about the disease from the healthcare professionals.152 Since next of kin take
on great responsibility as well as making adjustments and sacrifices to deal
with and prevent falls, such information could, and should, include facts
about falls and preventive strategies.
When a person is first diagnosed with MS, it is possible that not only the
PwMS but also the next of kin could end up in a phase of shock and neglect
their own needs and suppress their feelings initially.105 The interviews in the
present study were conducted long time after the initial phase, the PwMS
and the next of kin having had time to build up a joint everyday life in the
family. During the interviews it became clear that the next of kin were not
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accustomed to being asked about their own feelings and thoughts. They often slipped into discussing the PwMS and their needs instead. They described how they were never asked about themselves by family, friends or
healthcare staff: all focus was on the PwMS. To ask the question to a next
of kin, ‘Tell me how that is for you?’ is in itself of new value. It seems important to give the next of kin room for their thoughts and feelings, something to consider within the healthcare system. The results also indicate that
their renunciations of their own needs and priorities, their leisure activities
and their social lives in favour of the PwMS continue after the initial phase
because of the occasional falls experienced by the PwMS. Next of kin of
PwMS have also previously reported decreased freedom and curtailed independence,106, 107, 149 as have the next of kin of people with other diseases,
such as cancer153 or muscular dystrophy.154 It is possible that the results of
the present study may not be specific to MS, but could also be relevant to
other diseases with increased risk for falls.
Previous research has shown that spouses experience a gain in independence
when their partner with MS is engaged in exercise.149 The spouses described
that the exercise gave their partner with MS improved physical functions,
which could reduce their caregiving responsibilities.149 As the next of kin
described in study IV, they felt an increased responsibility and a need to put
themselves aside for the PwMS. Given the fact that the CoDuSe balance
exercise improved the participants’ balance and reduced the number of falls,
it is possible that the perceived effects from taking part in the balance exercise (study III) also could have positive effects for their next of kin in their
everyday lives.

The complexity of balance and falls
As stated throughout this thesis, both balance and falls are complex phenomena to describe. The results in this thesis could be understood by the
components in the ICF framework.40 The factors associated with falls in
study I, could be described in terms of body function and structure, activities, participation, personal factors and environmental factors.
By exercising in the CoDuSe balance exercise (studies II and III) the participants improved their body functions, and enhanced and eased their activities, which led to an improved participation. Their self-confidence was
described as being improved, indicating that the personal factors can be af-
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fected by the balance exercise. The balance exercise also affected the environmental factors, as in the ability to stay active with less support from
other people as well as from walking aids.
The next of kin play an important role in making everyday life work
(study IV). The next of kin can be classified as environmental factors. They
may also make the activities more readily available, which enhances the
ability of PwMS to participate.

Methodological considerations
The results in this thesis are based on data collected using different methods:
telephone interviews (study I), quantitatively measured outcomes (study II)
and face-to-face interviews (studies III and IV). It is important to take the
strengths and the limitations of the studies into consideration. Using trustworthiness is a way to consider qualitative research. The concept was introduced by Lincoln and Guba155 and consists of four criteria: credibility, dependability, confirmability and transferability. In quantitative research the
terms validity and reliability are more commonly used when talking about
the quality of the research. The strength and limitations of the thesis are
discussed using these terms below.

Credibility and internal validity
Credibility in qualitative research is roughly equivalent to internal validity
in quantitative research. Credibility and validity deal with the focus of the
research and how well the intended focus is addressed; they ensure that the
study actually measures or tests what it intends. Establishing credibility is
especially important in qualitative research, as the researcher is a major instrument of data collection and analysis.156 Ensuring credibility is one of the
most important factors when trying to establish trustworthiness.155
To establish credibility (studies I, III and IV) and internal validity (study II),
the study populations were carefully selected. All studies recruited participants or informants from several different centres, making the data collection multicentre. In study II, the Swedish Neuro Register was used in combination with personal knowledge by the clinical physiotherapist in charge
of the research intervention at each centre, to identify eligible participants.
To be registered in the Swedish Neuro Register is voluntary; hence the grade
of coverage is not perfect.157 The grade of the Neuro Register is, however,
considered to be high, 76%.158 Nonetheless, it is not known to what extent
the EDSS score is updated by the patient’s neurologist. To be able to choose
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the participants for the interviews after the CoDuSe balance exercise, a purposeful selection were made to mirror the whole group. Sex, age, centre and
disease burden were taken into consideration to achieve variety. An enhancing factor for the credibility is that there is no selection within the selection
in study III, since all invited participants accepted to undertake the interviews. A consecutive sampling was used in study IV, by asking informants
in study I for permission to contact their next of kin. By enrolling next of
kin using this method, we could be assured that the PwMS actually had
experienced a fall, strengthening the credibility. All but two accepted participation, also strengthening the credibility. During the interviews in study
IV, the next of kin sometimes talked about other symptoms or situations
related to MS as a whole. While we were unable to completely distinguish
experiences related to falls from experiences of the whole situations, during
the interviews participants were always led back to focusing on falls and
fall-related situations.
A limitation in the data collection, possibly threatening the credibility, is the
fact that participation was voluntary (studies I–IV). However, it is not ethical to include involuntary participants or informants, and it has been argued that only those who are genuinely willing to freely take part should be
included.159
In study III the results may have been affected by the fact that the interviews
were conducted by A.C. Some of the participants had already come into
contact with A.C. during study II, either in the role as leader of the intervention (one centre) or as the physiotherapist in charge of the measurements
(four centres). It is important to consider that serving as both researcher and
study leader may have biased the responses.
The interviews in studies I, III and IV were transcribed by a secretary, and
the transcripts were thereafter read through by A.C. while simultaneously
listening to the recorded interviews. According to Shenton, this is another
way to increase the credibility of the results.159 To strengthen the credibility
during the data analysis, an interactive process between the researchers
(studies I, III and IV) was undertaken until consensus was reached.155 To
further enhance credibility, representative quotations were selected in the
three qualitative studies. During the work of this thesis peer scrutiny of the
research project was undertaken in the form of seminars, also a factor that
increases credibility.159
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The outcome measures in study II were chosen to reflect different aspects of
balance. Since the focus of the CoDuSe balance exercise was to find and
maintain core stability, the focus of the outcome measure could have been
chosen more carefully. All outcome measures including walking (three outcome measures) included the factor of time. Since it was the quality rather
than the quantity that the balance exercise aimed to improve, it would have
been suitable instead to use other outcome measures focusing on quality of
movement and walking.

Dependability and reliability
Dependability in qualitative research is comparable to reliability in quantitative research. To achieve dependability, it is important to present the
method as thoroughly as possible, since it is important that future researchers are able to repeat the results using the same methods, in the same context
and with the same sample.159 Dependability represents stability of data over
time.155 Dependability of the results can be increased when the researcher is
consistent when collecting and analysing the data.155
Interview guides were used during all interviews, studies I, III and IV, to
establish dependability. The interview guides were used as a tool/checklist
to cover all areas warranted; however, it was the interviewees themselves
who controlled the interviews through what they were willing to share. A
limitation of study I is that there is no guarantee that the informants actually
did call to report when they experienced a fall. Using body-worn monitors
would possibly give an increased accuracy of the fall frequency. However,
the interviews would still be needed to determine what caused the falls, during which activities and where they occurred.
There were four physiotherapists who were raters during the measuring occasions in study II. Each participant was always measured by the same physiotherapist. To ensure inter-rater reliability, prior to study start, the raters
were trained in order to minimize systematic differences in rating and measuring the participants’ performance. All raters also had a study protocol, so
that all tests were conducted in the same order, using the same instructions.

Confirmability/objectivity
Confirmability in qualitative research is equivalent to objectivity in quantitative research and describes how the results should reflect the experiences
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of the participants and not the perceptions of the researcher.155 The researcher’s preunderstanding of a context can be seen as a limitation, as it
threatens the confirmability.156 However, it can also be considered a
strength, since a preunderstanding could make it possible to capture circumstances influencing complex fall situations in study I. Using a tape recorder
during all interviews in studies I, III and IV strengthens the confirmability.
In study I there was a short time between when the fall happened and when
the interview took place, minimizing recall bias. In an RCT study, it is preferred that the study is blinded to achieve objectivity. In an intervention
study such as that evaluated in studies II and III, it is impossible to blind the
participants, since there is no way to blind them to whether they are participating in the exercise or not. However, the raters were blinded to which
group the participants were allocated to. By using falls diaries, the participants reported falls during the study period. It is possible that not all falls
were registered, hence a potential bias. The reductions of falls were verified
by the following interviews. Using interviews as a way to evaluate a balance
exercise (study III) gives the participants an opportunity to express in their
own words the effects of the exercise, rather than being limited by what the
researcher may think possible to affect (when choosing outcome measures).

Transferability/generalization
Transferability or generalization concerns the extent to which the results
from one study can be applied to other situations, persons and populations.
Having data collected from different centres enhances both the transferability and generalizability, since the participants and informants lived in different settings. Both urban and rural areas were included, and the different
centres represented six different county councils/regions at different care
levels.
Both women and men were included in all four studies and their demographic data were presented in all four studies. Using EDSS scale to describe
disease burden in studies I, II and III strengthens the transferability of the
results to similar populations.
In the CoDuSe balance exercise intervention (studies II and III) there were
no restrictions due to the type of MS, which also strengthens the transferability. The numbers of physiotherapists leading the CoDuSe balance exercises in the different centres can be a strength, since the intervention is not

68

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

about just one person but several. This makes is possible for other physiotherapists to implement the balance exercises in their clinical settings. However, using several different physiotherapists can also be seen as a limitation,
since there is no guarantee that all were doing exactly the same, even though
an extensive interactive process was performed together with all participating physiotherapists before the intervention.
Using home exercises is likely to be of great value in maintaining gained
abilities, and the transition from the group exercise with help from leaders
to individual exercise responsibility at home was initiated early. Having a
strategically selected sample in study III strengthens transferability.

Future studies
Several studies have tried to determine why PwMS fall. Using interviews for
data collection, immediately or soon after the fall occurs, can give valuable
information. It is well known that impaired balance and also falls often occur in the beginning of the disease. Using a similar design as in study I of
this thesis, but including people with a lower EDSS score (<3.0) would give
additional information regarding when and why these people fall. Looking
closely at patterns of falls and investigating why they occur would also be
of great value in developing individual fall preventive strategies. Mazumder
et al.160 have reported differences in when PwMS fall compared to healthy
controls, in a rather small cohort using falls diaries. It would be of interest
to include a larger sample of PwMS and collect data through interviews over
the whole year, including all the different conditions connected to the four
seasons.
As reported in study I, PwMS often fall at home. It would be of great interest
to conduct balance exercises with the purpose of reducing the number of
falls in the same environment as they live in. This would also give the opportunity to evaluate whether adjustments in the home environment need
to be taken into consideration. Since many of the falls occurred even though
a walking aid was involved, it would be of interest to prescribe and offer
training with the walking aid in the environment in which it is meant to be
used. Would this reduce the number of falls that occur while using a walking
aid?
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Practice getting up from the floor is common in physiotherapy. It could be
valuable to include next of kin in this practice and evaluate whether they
feel empowered when assisting a PwMS in an actual fall situation.
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Conclusions
Falls occur mainly indoors during basic activities. Several influencing factors, both intrinsic and extrinsic, interact in each fall situation. Fluctuating
bodily symptoms of MS make it difficult to know a person’s current capacity for the activity performed. Fluctuating symptoms within a day have not
previously been described as a factor that causes falls. The gap between
what the individual is physically capable of and the demands both of the
activity performed and of the environment creates a fall risk, especially
when divided attention is needed to succeed in the task. Rehabilitation professionals should target both intrinsic and extrinsic factors to reduce fall
risk. Walking aids were not described as causing the fall situations; however, they were often involved in the falls. If not used as intended, walking
aids cannot prevent a fall. A structured prescription and exercise as well as
thorough follow-ups on prescribed walking aids are warranted.
The CoDuSe balance exercise seems promising in improving dynamic balance and reducing perceived walking limitations compared to the control
group. It also reduced frequency of falls and near falls.
Participation in the CoDuSe balance exercise was perceived to facilitate everyday life among PwMS. They acquired new awareness of how to use their
core muscles to facilitate ADL, helping them to be more independent, as
well as improved ability to participate in everyday life situations. All of this
contributed to an easier and safer everyday life. Using the CoDuSe balance
exercise could be a tool for physiotherapists to improve balance, reduce falls
and facilitate everyday life for people with moderate to advanced MS. It is
a balance exercise programme conducted in groups, feasible for PwMS.
Not only PwMS are affected by the fact that they fall; next of kin are also
affected in their everyday lives. To keep their relatives from falling, next of
kin take on increased responsibility and try to adapt their lives both practically and emotionally to make the situation work. Yet, their adaptions are
not always enough. When adaption is not possible, next of kin put themselves and their time aside in favour of the PwMS to make life at home
work. The next of kin can also need both practical and emotional support
from the healthcare system to help them take care of themselves while managing to live with, care for and protect the PwMS from falls. Highlighting
the fact that next of kin also are affected by the falls of their cohabiting
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PwMS enhances the importance of fall prevention activities that should include the next of kin. Enhanced information from the healthcare system can
empower and help them to take care of themselves while managing to live
with, care for and protect the PwMS from falls.
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Sammanfattning på svenska
Multipel skleros (MS) är en kronisk neurologisk sjukdom där en inflammatorisk process drabbar myelinskidorna på nerverna i centrala nervsystemet
vilket kan försämra nervledningsförmågan. Symtomen vid MS varierar över
tid och hör samman med var de inflammatoriska processerna är lokaliserade samt med utbredningen av lesioner. Ett vanligt symtom är nedsatt
balans, vilket kan manifestera sig i en ökad risk för fall. Då fallsituationer
är komplexa och fallfrekvensen är hög (över 50 %) så behövs mer information om när fallen uppstår samt vad de beror på. Sjukgymnastik/fysioterapi
utgör en väsentlig del av rehabilitering vid dessa problem. Trots att problemen är vanligt förekommande, finns endast ett begränsat antal randomiserade, kontrollerade studier som har utvärderat interventioner som syftar till
att förbättra balansförmågan. De studier som har publicerats har visat att
sjukgymnastisk/fysioterapeutisk träning har positiv effekt på balans- och
gångförmågan för personer med milda till måttliga MS-relaterade funktionshinder. För personer med mer uttalad funktionsnedsättning relaterad
till MS är det vetenskapliga underlaget otillräckligt när det gäller effekt av
träning. Då MS är en sjukdom som drabbar hela familjen behöver även anhörigas perspektiv belysas. Det har framkommit som bifynd i tidigare studie
att närstående påverkas av att en familjemedlem löper risk för att falla. Man
beskriver en ökad uppmärksamhet såväl på individen som på omgivningen
och detta kan ha en påverkan på t ex val av aktiviteter. Närståendes perspektiv när det gäller en familjemedlems fallrisk har enligt vår kännedom
inte tidigare belysts.
Avhandlingsarbetets övergripande syfte var därför att få en ökad kunskap
om när och varför personer med MS faller (delstudie I) och hur detta eventuellt påverkar deras anhöriga (delstudie IV), samt att utvärdera effekten
och upplevelsen av vad det ger i vardagen att delta i en specifik balans träning (delstudie II och III).
I intervjuer med 57 personer med MS beskrevs 115 fallsituationer där det
framkom att fallen oftast uppkom inomhus och under vardagliga aktiviteter. Det finns ofta en interaktion mellan olika inre och yttre faktorer i en
fallsituation, vilket gör det svårt att urskilja en enskild utlösande faktor.
Inre riskfaktorer som framkom var MS-relaterade symtom, fluktuerande
symtom, distraktioner samt förlorad kroppskontroll medan yttre riskfak-
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torer för fall beskrevs vara utmanande omgivning eller inblandning av hjälpmedel. Inre riskfaktorer beskrevs vara mer vanligt förekommande och mer
utslagsgivande än yttre. Fluktuerande symtom inom och mellan dagar gör
det svårt för personer med MS att i varje stund veta sin kapacitet. Glappet
mellan personens faktiska kapacitet och de krav som ställs för att kunna
utföra en viss aktivitet inklusive omgivande faktorer leder till ökad fallrisk.
Särskilt tydligt är detta i situationer då delad uppmärksamhet krävs.
I en randomiserad kontrollerad pilot studie inkluderades 51 personer med
mer uttalad funktionsnedsättning relaterat till MS med syftet att öka balansen och minska antal fall. Studien hade en vänte-listdesign vilket innebär att
deltagarna randomiserades till att träna med tidig eller sen start. Deltagarna
som hamnade i gruppen med sen start agerade kontroller till deltagarna med
tidig start. En gruppträningsintervention innehållande tre delar; bålstabilitet, aktiviteter som kräver delad uppmärksamhet och/eller sensoriska system (kallad CoDuSe) utfördes en timme, två gånger i veckan under sju
veckors tid utvärderades. De första 30 minuterna var träningen fokuserad
på bålstabilitet. Deltagarna uppmanades därefter att behålla bålkontrollen
medan de utförde övningar som krävde att de använde sig av delad uppmärksamhet (t.ex. gå och samtidigt balansera en bricka med ett glas, bolla
ballong under uppresning) eller sensoriska strategier (t.ex. gå på varierat
underlag, blunda eller minska understödsytan). Träningen utfördes i grupper om 2-5 deltagare men var individanpassad och kontinuerligt anpassad
till varje deltagare med sjukgymnastens/fysioterapeutens hjälp. Varje deltagare fick också två till fem individuellt utprovade övningar att göra hemma
och en träningsdagbok. Efter interventionen genomfördes 27 intervjuer med
strategiskt utvalda personer för att utvärdera de upplevda effekterna av träningen i vardagen.
Den dynamiska balansen, mätt med Bergs Balansskala (primärt utfallsmått)
förbättrades statistiskt signifikant i träningsgruppen (p = 0.015), jämfört
med kontrollgruppen. Även den självupplevda gångfunktionen, mätt med
Gångskala vid MS nådde nära signifikans (p = 0.051). Övriga kvantitativa
utfallsmått visade ingen statistisk signifikant skillnad mellan grupperna. Antal fall minskade från 4.18 före balansträningen till 1.68 efter balansträningen. Den minskade fallfrekvensen verifierades i intervjuerna efteråt. I intervjuerna berättade deltagarna även hur de av balansträningen fick ökad
kontroll av sin bålmuskulatur, vilket ledde till att de kände sig mer säkra i
sin kropp och de fick ett ökat kroppsligt självförtroende. Att de kände sig
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säkrare innebar att deras aktiviteter blev lättare att utföra, vilket ledde till
en ökad delaktighet och minskat användande av gånghjälpmedel. De upplevde att effekten av träningen underlättade i deras vardag.
För att beskriva om och hur anhöriga som bor tillsammans med personer
med MS som stundtals faller upplever detta intervjuades 20 anhöriga. De
anhöriga beskrev hur de på många olika sätt och på olika plan i livet ändrade och justerade för att få vardagen att gå ihop. De beskrev hur de fick ta
ett ökat ansvar över olika områden i livet. De ökade ansvaret var inte alltid
ett medvetet val utan något som de ålade sig själva att ta för att få vardagen
att gå ihop. De var tvungna att planera, att ständigt vara beredda att agera
samt hjälpa till i vardagliga situationer. De berättade även hur de var
tvungna att göra anpassningar för att få vardagen att fungera. Anpassningarna var både av praktisk och emotionell karaktär samt att de var tvungna
att anpassa sig till ett lägre tempo, för att passa personen med MS. När
anpassningar inte var tillräckliga för att få ett gott och funktionellt liv tillsammans med personen med MS så var de anhöriga tvungna att göra avkall
på sig själva för att få vardagen att fungera. De satte sig själva i andra hand
för att ge plats till personen med MS samt avstod från sociala aktiviteter.
Detta kunde leda till känslor av oro och frustration.
Personer med MS faller i vardagliga aktiviteter, där fallen beror på både
inre och yttre faktorer. Genom att träna enligt CoDuSe så kan balansen
förbättras och antal fall minska. Balansträningen kan även underlätta vardagen för personer med MS. Inte bara personen som faller påverkas av
detta, även anhörigas vardag påverkas av det faktum att personer med MS
ibland faller. För att förhindra fall så försöker anhöriga ofta få vardagen att
fungera för personer som faller på grund av MS genom att ta ett ökat ansvar, göra justeringar samt göra avkall på sig själva.

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

75

Acknowledgements
Having a PhD journey like this makes you humble, since it’s never only the
way to the goal or the actual goal that matters. It is also of great (!) importance who your companions are along the way. Without those companions, the journey would never be possible. I would like to express my deepest gratitude to all the persons who have, in one way or another, contributed
along my way towards this day. A special thanks to all the lovely individuals
who have contributed as participators in my studies – without you, this
would never have been possible.
Also…
Ylva Nilsagård, my main supervisor, highly respected researcher and also
my dear friend. Thank you for walking me through this jungle of academics,
guiding me with a firm but always gentle hand. You’ve helped me experience the world, not only the world of science but also the actual real world.
You have believed in me from the beginning to the end, even when I had
doubts of my own. I couldn’t have asked for a better supervisor and person
in my life.
Anette Forsberg, supervisor AND chief. I know you can only have one main
supervisor, but I’ve had the pleasure to have almost two. Thank you for
seeing ‘me’ during this whole process. You have always been looking after
me and my work, giving valuable comments and constructive ideas. I highly
appreciate your time and effort to help me all the way.
Martin Gunnarsson, aka HMK. Thank you for bringing the neurological
expertise to my table as my co-supervisor. I’ve really enjoyed your encouraging e-mails, sometimes giving me extra energy to keep going.
Thanks to all the physiotherapists at the nine centres who with all their
heart embraced the studies and went above and beyond to find participants,
lead the groups, report information and attend meetings. You guys ♥
Ellinor Cedergren, Steven Allen, Ian Eide, Martin Göransson, Oskar Davidsson, Lisbeth Franzén, Marie Fredriksen, Sara Hedström, Malin Andreasson, Helena Vesterlin, Ingrid Lundström, Margareta Wibom, Sara Keisu,
Helena Jensen, Maria Svedjebrant, Monica Svensson, Lena Sanner and Malin Nilsson Merrick.
76

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

A big thanks to professor Margareta Möller, head of department of the
University Health Care Research Center (UFC), for letting me be a part of
the wonderful and creative atmosphere among other researchers. Having a
workplace at UFC has really helped me to evolve, especially through all the
creative discussions that take place in all the seminars or in the coffee room.
A warm special thanks to all the researchers at UFC who have taken their
time to read and come up with constructive comments on my manuscripts.
Maria Ekholm-Takman, Iréne Pettersson and Filippa Nilsagård. Thank
you, and I’m sorry for your having to listen to my voice for hours and hours
and hours… Your contributions of transcribing all 153 interviews are priceless.
Thanks to all my former PhD buddies who walked this road before me,
showing that it is a hard struggle, but still attainable. Ann-Sofi Sundqvist,
Cecilia Bergh and Mialinn Arvidsson Lindwall, you are role models. And
to all my present PhD friends: if I can do it, so can you. Special thanks to
Anna Philipsson and Ulrika Hylén.
Thank you to Martin Eriksson Crommert and Elisabeth Westerdahl for
showing how it’s possible to be humble and kick-ass bright at the same time!
Cheers.
My clinical MS crew: Holzleitner, Rydén, Wetter and Musial. You make
my life as a clinician easier and much more fun!
To all my past and present physiotherapist colleagues in neurogruppen at
the Örebro University Hospital, Department of Physiotherapy: the day has
FINALLY come! Thank you for backing me up when I wanted to start this
long-term project. You’ve always supported, helped and encouraged me to
do this. And not to forget, all the times you covered for me when I was
‘forskningsledig’ . Thanks to Helena Pepa for giving me green light in the
beginning to start this journey.
Carmen ‘Katie’ Strömberg, for reading and adjusting my English text on
short notice; you’re a life safer.

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

77

For financial support, the Research Committee of Örebro County Council,
Norrbakca-Eugenia Foundation, Uppsala-Örebro Regional Research Committee and Neuro Sweden. Special thanks to Lena Björkman for helping me
keep track of the financials.
The Medical Library: the lifeline when in need of an article, help with EndNote problems, search strategies… Thank you!
To the world’s greatest mom and dad, Inger and Bosse Carling. Thank you
for telling me from the beginning that I could be or do anything I ever
wanted.
Thanks to my siblings, Sofia and Johan, for being truly uninterested in everything that has to do with my work. With you guys I don’t get a single
chance to talk about work before you finish me off.  I’m so proud to be
your big sis; you are both wonderful people.
Last, but certainly not least, Christofer. Thank you for being my bouncing
wall when I can’t get my thoughts straight, my audience when I need to
practice a speech (all 72 times), my comforter when things don’t go the way
I’ve planned, my art director for some of my posters and figures, my go-to
celebrator whenever there is something to celebrate, my stress reducer, my
companion on this journey, the joy and love of my life. I love you, 6+ max.

78

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

References
1.

McAlpine D, Compston A. McAlpine's multiple sclerosis. 4 ed.
Philadelphia, Pa.: Churchill Livingstone/Elsevier; 2006.

2.

Dulamea AO. Role of Oligodendrocyte Dysfunction in
Demyelination, Remyelination and Neurodegeneration in Multiple
Sclerosis. Adv Exp Med Biol. 2017;958:91-127.

3.

Comabella M, Khoury SJ. Immunopathogenesis of multiple
sclerosis. Clin Immunol. 2012;142(1):2-8.

4.

Handel AE, Williamson AJ, Disanto G, Dobson R, Giovannoni G,
Ramagopalan SV. Smoking and multiple sclerosis: an updated
meta-analysis. PLoS One. 2011;6(1):e16149.

5.

Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio A. Serum
25-hydroxyvitamin D levels and risk of multiple sclerosis. JAMA.
2006;296(23):2832-8.

6.

Handel AE, Williamson AJ, Disanto G, Handunnetthi L,
Giovannoni G, Ramagopalan SV. An updated meta-analysis of risk
of multiple sclerosis following infectious mononucleosis. PLoS
One. 2010;5(9).

7.

Handel AE, Giovannoni G, Ebers GC, Ramagopalan SV.
Environmental factors and their timing in adult-onset multiple
sclerosis. Nat Rev Neurol. 2010;6(3):156-66.

8.

McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP,
Lublin FD, et al. Recommended diagnostic criteria for multiple
sclerosis: guidelines from the International Panel on the diagnosis
of multiple sclerosis. Ann Neurol. 2001;50(1):121-7.

9.

Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi
M, et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to
the McDonald criteria. Ann Neurol. 2011;69(2):292-302.

10.

Koch M, Kingwell E, Rieckmann P, Tremlett H. The natural history
of secondary progressive multiple sclerosis. J Neurol Neurosurg
Psychiatry. 2010;81(9):1039-43.

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

79

11.

Vukusic S, Confavreux C. Prognostic factors for progression of
disability in the secondary progressive phase of multiple sclerosis. J
Neurol Sci. 2003;206(2):135-7.

12.

Lublin FD, Reingold SC, Cohen JA, Cutter GR, Sorensen PS,
Thompson AJ, et al. Defining the clinical course of multiple
sclerosis: the 2013 revisions. Neurology. 2014;83(3):278-86.

13.

Koch M, Kingwell E, Rieckmann P, Tremlett H. The natural history
of primary progressive multiple sclerosis. Neurology.
2009;73(23):1996-2002.

14.

Scalfari A, Neuhaus A, Daumer M, Muraro PA, Ebers GC. Onset
of secondary progressive phase and long-term evolution of multiple
sclerosis. J Neurol Neurosurg Psychiatry. 2014;85(1):67-75.

15.

Tremlett H, Zhao Y, Devonshire V. Natural history comparisons
of primary and secondary progressive multiple sclerosis reveals
differences and similarities. J Neurol. 2009;256(3):374-81.

16.

Magyari M, Koch-Henriksen N, Pfleger CC, Sorensen PS. Gender
and autoimmune comorbidity in multiple sclerosis. Mult Scler.
2014;20(9):1244-51.

17.

Trojano M, Lucchese G, Graziano G, Taylor BV, Simpson S, Jr.,
Lepore V, et al. Geographical variations in sex ratio trends over
time in multiple sclerosis. PLoS One. 2012;7(10):e48078.

18.

Ahlgren C, Oden A, Lycke J. High nationwide incidence of multiple
sclerosis in Sweden. PLoS One. 2014;9(9):e108599.

19.

Westerlind H, Bostrom I, Stawiarz L, Landtblom AM, Almqvist C,
Hillert J. New data identify an increasing sex ratio of multiple
sclerosis in Sweden. Mult Scler. 2014;20(12):1578-83.

20.

Browne P, Chandraratna D, Angood C, Tremlett H, Baker C,
Taylor BV, et al. Atlas of Multiple Sclerosis 2013: A growing global
problem with widespread inequity. Neurology. 2014;83(11):10224.

21.

Evans C, Beland SG, Kulaga S, Wolfson C, Kingwell E, Marriott J,
et al. Incidence and prevalence of multiple sclerosis in the Americas:
a systematic review. Neuroepidemiology. 2013;40(3):195-210.

80

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

22.

Kingwell E, Marriott JJ, Jette N, Pringsheim T, Makhani N,
Morrow SA, et al. Incidence and prevalence of multiple sclerosis in
Europe: a systematic review. BMC Neurol. 2013;13:128.

23.

Gale CR, Martyn CN. Migrant studies in multiple sclerosis. Prog
Neurobiol. 1995;47(4-5):425-48.

24.

Ahlgren C, Lycke J, Oden A, Andersen O. High risk of MS in
Iranian immigrants in Gothenburg, Sweden. Mult Scler.
2010;16(9):1079-82.

25.

McLeod JG, Hammond SR, Kurtzke JF. Migration and multiple
sclerosis in immigrants to Australia from United Kingdom and
Ireland: a reassessment. I. Risk of MS by age at immigration. J
Neurol. 2011;258(6):1140-9.

26.

Svenska Neuroregistret. Statistik multipel skleros 2018 [cited
2018 19 April]. Available from:
https://vap.carmona.se/open/msvap/graf/antal_reg/

27.

Tramacere I, Del Giovane C, Salanti G, D'Amico R, Filippini G.
Immunomodulators and immunosuppressants for relapsingremitting multiple sclerosis: a network meta-analysis. Cochrane
Database Syst Rev. 2015(9):Cd011381.

28.

Reynolds ER, Ashbaugh AD, Hockenberry BJ, McGrew CA.
Multiple Sclerosis and Exercise: A Literature Review. Curr Sports
Med Rep. 2018;17(1):31-5.

29.

World Health Organization (WHO). Rehabilitation in health
systems. 2018 [cited 2018 24 April]. Available from:
http://www.who.int/rehabilitation/en/.

30.

Cotman CW, Berchtold NC. Exercise: a behavioral intervention to
enhance brain health and plasticity. Trends Neurosci.
2002;25(6):295-301.

31.

White LJ, Castellano V. Exercise and brain health--implications for
multiple sclerosis: Part 1--neuronal growth factors. Sports Med.
2008;38(2):91-100.

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

81

32.

Bonzano L, Tacchino A, Brichetto G, Roccatagliata L, Dessypris A,
Feraco P, et al. Upper limb motor rehabilitation impacts white
matter microstructure in multiple sclerosis. Neuroimage.
2014;90:107-16.

33.

Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an
expanded
disability
status
scale
(EDSS).
Neurology.
1983;33(11):1444-52.

34.

Ytterberg C, Einarsson U, Holmqvist LW, Peterson EW. A
population-based study of fall risk factors among people with
multiple sclerosis in Stockholm county. J Rehabil Med.
2013;45(5):452-7.

35.

Cheng EM, Hays RD, Myers LW, Ellison GW, Beckstrand M,
Vickrey BG. Factors related to agreement between self-reported
and conventional Expanded Disability Status Scale (EDSS) scores.
Mult Scler. 2001;7(6):405-10.

36.

Ringel I, Zettl UK. Estimates of the walking distance in multiple
sclerosis patients and their effect on the EDSS. J Neurol.
2006;253(5):666-7.

37.

Berger W, Payne MWC, Morrow SA. Self-reported maximum
walking distance in persons with MS may affect the EDSS. J Neurol
Sci. 2017;379:77-80.

38.

Shumway-Cook A, Woollacott MH. Motor control : translating
research into clinical practice. Philadelphia: Wolters Kluwer; 2016.

39.

Pollock AS, Durward BR, Rowe PJ, Paul JP. What is balance? Clin
Rehabil. 2000;14(4):402-6.

40.

International classification of functioning, disability and health.
Geneva: World Health Organization; 2008.

41.

Cameron MH, Nilsagard YE. Measurement and treatment of
imbalance and fall risk in multiple sclerosis using the international
classification of functioning, disability and health model. Phys Med
Rehabil Clin N Am. 2013;24(2):337-54.

42.

Martin CL, Phillips BA, Kilpatrick TJ, Butzkueven H, Tubridy N,
McDonald E, et al. Gait and balance impairment in early multiple

82

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

sclerosis in the absence of clinical disability. Mult Scler.
2006;12(5):620-8.
43.

Isaksson AK, Ahlstrom G, Gunnarsson LG. Quality of life and
impairment in patients with multiple sclerosis. J Neurol Neurosurg
Psychiatry. 2005;76(1):64-9.

44.

Cameron MH, Lord S. Postural control in multiple sclerosis:
implications for fall prevention. Curr Neurol Neurosci Rep.
2010;10(5):407-12.

45.

Huisinga J, Mancini M, Veys C, Spain R, Horak F. Coherence
analysis of trunk and leg acceleration reveals altered postural sway
strategy during standing in persons with multiple sclerosis. Hum
Mov Sci. 2018;58:330-6.

46.

Lanzetta D, Cattaneo D, Pellegatta D, Cardini R. Trunk control in
unstable sitting posture during functional activities in healthy
subjects and patients with multiple sclerosis. Arch Phys Med
Rehabil. 2004;85(2):279-83.

47.

Hoffman J, Gabel P. Expanding Panjabi's stability model to express
movement: a theoretical model. Med Hypotheses. 2013;80(6):6927.

48.

Akuthota V, Nadler SF. Core strengthening. Arch Phys Med
Rehabil. 2004;85(3 Suppl 1):S86-92.

49.

Nilsagard Y, Denison E, Gunnarsson LG, Bostrom K. Factors
perceived as being related to accidental falls by persons with
multiple sclerosis. Disabil Rehabil. 2009;31(16):1301-10.

50.

Wajda DA, Motl RW, Sosnoff JJ. Dual task cost of walking is
related to fall risk in persons with multiple sclerosis. J Neurol Sci.
2013;335(1-2):160-3.

51.

Etemadi Y. Dual task cost of cognition is related to fall risk in
patients with multiple sclerosis: a prospective study. Clin Rehabil.
2017;31(2):278-84.

52.

Cattaneo D, Lamers I, Bertoni R, Feys P, Jonsdottir J. Participation
Restriction in People With Multiple Sclerosis: Prevalence and

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

83

Correlations With Cognitive, Walking, Balance, and Upper Limb
Impairments. Arch Phys Med Rehabil. 2017;98(7):1308-15.
53.

Nilsagard Y, Carling A, Forsberg A. Activities-specific balance
confidence in people with multiple sclerosis. Mult Scler Int.
2012;2012:613925.

54.

Comber L, Sosnoff JJ, Galvin R, Coote S. Postural control deficits
in people with Multiple Sclerosis: A systematic review and metaanalysis. Gait Posture. 2018;61:445-52.

55.

Peterson EW, Ben Ari E, Asano M, Finlayson ML. Fall attributions
among middle-aged and older adults with multiple sclerosis. Arch
Phys Med Rehabil. 2013;94(5):890-5.

56.

Lamb SE, Jorstad-Stein EC, Hauer K, Becker C. Development of a
common outcome data set for fall injury prevention trials: the
Prevention of Falls Network Europe consensus. J Am Geriatr Soc.
2005;53(9):1618-22.

57.

Nilsagard Y, Gunn H, Freeman J, Hoang P, Lord S, Mazumder R,
et al. Falls in people with MS--an individual data meta-analysis
from studies from Australia, Sweden, United Kingdom and the
United States. Mult Scler. 2015;21(1):92-100.

58.

Matsuda PN, Shumway-Cook A, Bamer AM, Johnson SL,
Amtmann D, Kraft GH. Falls in multiple sclerosis. Pm r.
2011;3(7):624-32; quiz 32.

59.

Nilsagard Y, Lundholm C, Denison E, Gunnarsson LG. Predicting
accidental falls in people with multiple sclerosis -- a longitudinal
study. Clin Rehabil. 2009;23(3):259-69.

60.

Gunn H, Creanor S, Haas B, Marsden J, Freeman J. Frequency,
characteristics, and consequences of falls in multiple sclerosis:
findings from a cohort study. Arch Phys Med Rehabil.
2014;95(3):538-45.

61.

Peebles AT, Bruetsch AP, Lynch SG, Huisinga JM. Dynamic
balance in persons with multiple sclerosis who have a falls history
is altered compared to non-fallers and to healthy controls. J
Biomech. 2017;63:158-63.

84

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

62.

Gunn HJ, Newell P, Haas B, Marsden JF, Freeman JA.
Identification of risk factors for falls in multiple sclerosis: a
systematic review and meta-analysis. Phys Ther. 2013;93(4):50413.

63.

Bazelier MT, van Staa TP, Uitdehaag BM, Cooper C, Leufkens HG,
Vestergaard P, et al. Risk of fractures in patients with multiple
sclerosis: a population-based cohort study. Neurology.
2012;78(24):1967-73.

64.

Peterson EW, Cho CC, Finlayson ML. Fear of falling and
associated activity curtailment among middle aged and older adults
with multiple sclerosis. Mult Scler. 2007;13(9):1168-75.

65.

Mazumder R, Lambert WE, Nguyen T, Bourdette DN, Cameron
MH. Fear of Falling Is Associated with Recurrent Falls in People
with Multiple Sclerosis: A Longitudinal Cohort Study. Int J MS
Care. 2015;17(4):164-70.

66.

Kalron A, Achiron A. Postural control, falls and fear of falling in
people with multiple sclerosis without mobility aids. J Neurol Sci.
2013;335(1-2):186-90.

67.

Perrochon A, Holtzer R, Laidet M, Armand S, Assal F, Lalive PH,
et al. Postural control is associated with cognition and fear of
falling in patients with multiple sclerosis. J Neural Transm
(Vienna). 2017;124(4):495-500.

68.

Stack E, Ashburn A. Fall events described by people with
Parkinson's disease: implications for clinical interviewing and the
research agenda. Physiother Res Int. 1999;4(3):190-200.

69.

Iezzoni LI, Rao SR, Kinkel RP. Patterns of mobility aid use among
working-age persons with multiple sclerosis living in the
community in the United States. Disabil Health J. 2009;2(2):67-76.

70.

Iezzoni LI, Rao SR, Kinkel RP. Experiences acquiring and using
mobility aids among working-age persons with multiple sclerosis
living in communities in the United States. Am J Phys Med Rehabil.
2010;89(12):1010-23.

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

85

71.

Wright DL, Kemp TL. The dual-task methodology and assessing
the attentional demands of ambulation with walking devices. Phys
Ther. 1992;72(4):306-12; discussion 13-5.

72.

Gianni C, Prosperini L, Jonsdottir J, Cattaneo D. A systematic
review of factors associated with accidental falls in people with
multiple sclerosis: a meta-analytic approach. Clin Rehabil.
2014;28(7):704-16.

73.

World Confederation for Physical Therapy (WCPT). Policy
statement: Description of physical therapy. 2018 [cited 2018 24
https://www.wcpt.org/policy/psApril].
Available
from:
descriptionPT.

74.

Halabchi F, Alizadeh Z, Sahraian MA, Abolhasani M. Exercise
prescription for patients with multiple sclerosis; potential benefits
and practical recommendations. BMC Neurol. 2017;17(1):185.

75.

Klaren RE, Motl RW, Dlugonski D, Sandroff BM, Pilutti LA.
Objectively quantified physical activity in persons with multiple
sclerosis. Arch Phys Med Rehabil. 2013;94(12):2342-8.

76.

Motl RW, McAuley E, Snook EM. Physical activity and multiple
sclerosis: a meta-analysis. Mult Scler. 2005;11(4):459-63.

77.

Casey B, Coote S, Galvin R, Donnelly A. Objective physical activity
levels in people with multiple sclerosis: Meta-analysis. Scand J Med
Sci Sports. 2018;28(9):1960-1969.

78.

Veldhuijzen van Zanten JJ, Pilutti LA, Duda JL, Motl RW.
Sedentary behaviour in people with multiple sclerosis: Is it time to
stand up against MS? Mult Scler. 2016;22(10):1250-6.

79.

Motl RW, Arnett PA, Smith MM, Barwick FH, Ahlstrom B, Stover
EJ. Worsening of symptoms is associated with lower physical
activity levels in individuals with multiple sclerosis. Mult Scler.
2008;14(1):140-2.

80.

Paltamaa J, Sjogren T, Peurala SH, Heinonen A. Effects of
physiotherapy interventions on balance in multiple sclerosis: a
systematic review and meta-analysis of randomized controlled
trials. J Rehabil Med. 2012;44(10):811-23.

86

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

81.

Gunn H, Markevics S, Haas B, Marsden J, Freeman J. Systematic
Review: The Effectiveness of Interventions to Reduce Falls and
Improve Balance in Adults With Multiple Sclerosis. Arch Phys Med
Rehabil. 2015;96(10):1898-912.

82.

Cattaneo D, Jonsdottir J, Zocchi M, Regola A. Effects of balance
exercises on people with multiple sclerosis: a pilot study. Clin
Rehabil. 2007;21(9):771-81.

83.

Prosperini L, Leonardi L, De Carli P, Mannocchi ML, Pozzilli C.
Visuo-proprioceptive training reduces risk of falls in patients with
multiple sclerosis. Mult Scler. 2010;16(4):491-9.

84.

Hebert JR, Corboy JR, Manago MM, Schenkman M. Effects of
vestibular rehabilitation on multiple sclerosis-related fatigue and
upright postural control: a randomized controlled trial. Phys Ther.
2011;91(8):1166-83.

85.

Ozgen G, Karapolat H, Akkoc Y, Yuceyar N. Is customized
vestibular rehabilitation effective in patients with multiple
sclerosis? A randomized controlled trial. Eur J Phys Rehabil Med.
2016;52(4):466-78.

86.

Freeman JA, Gear M, Pauli A, Cowan P, Finnigan C, Hunter H, et
al. The effect of core stability training on balance and mobility in
ambulant individuals with multiple sclerosis: a multi-centre series
of single case studies. Mult Scler. 2010;16(11):1377-84.

87.

Sosnoff JJ, Wajda DA, Sandroff BM, Roeing KL, Sung J, Motl RW.
Dual task training in persons with Multiple Sclerosis: a feasability
randomized controlled trial. Clin Rehabil. 2017;31(10):1322-31.

88.

Monjezi S, Negahban H, Tajali S, Yadollahpour N, Majdinasab N.
Effects of dual-task balance training on postural performance in
patients with Multiple Sclerosis: a double-blind, randomized
controlled pilot trial. Clin Rehabil. 2017;31(2):234-41.

89.

Hoang P, Schoene D, Gandevia S, Smith S, Lord SR. Effects of a
home-based step training programme on balance, stepping,
cognition and functional performance in people with multiple
sclerosis - a randomized controlled trial. Mult Scler. 2016;22(1):94103.

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

87

90.

Sosnoff JJ, Finlayson M, McAuley E, Morrison S, Motl RW. Homebased exercise program and fall-risk reduction in older adults with
multiple sclerosis: phase 1 randomized controlled trial. Clin
Rehabil. 2014;28(3):254-63.

91.

Forsberg A, von Koch L, Nilsagard Y. Effects on Balance and
Walking with the CoDuSe Balance Exercise Program in People with
Multiple Sclerosis: A Multicenter Randomized Controlled Trial.
Mult Scler Int. 2016;2016:7076265.

92.

Nilsagard Y, von Koch L, Nilsson M, Forsberg A. Balance exercise
program reduced falls in people with multiple sclerosis: a singlegroup, pretest-posttest trial. Arch Phys Med Rehabil.
2014;95(12):2428-34.

93.

Conradsson D, Ytterberg C, von Koch L, Johansson S. Changes in
disability in people with multiple sclerosis: a 10-year prospective
study. J Neurol. 2018;265(1):119-26.

94.

Edwards T, Pilutti LA. The effect of exercise training in adults with
multiple sclerosis with severe mobility disability: A systematic
review and future research directions. Mult Scler Relat Disord.
2017;16:31-9.

95.

van der Linden ML, Bulley C, Geneen LJ, Hooper JE, Cowan P,
Mercer TH. Pilates for people with multiple sclerosis who use a
wheelchair: feasibility, efficacy and participant experiences. Disabil
Rehabil. 2014;36(11):932-9.

96.

Fox EE, Hough AD, Creanor S, Gear M, Freeman JA. Effects of
Pilates-Based Core Stability Training in Ambulant People With
Multiple Sclerosis: Multicenter, Assessor-Blinded, Randomized
Controlled Trial. Phys Ther. 2016;96(8):1170-8.

97.

Campbell M, Fitzpatrick R, Haines A, Kinmonth AL, Sandercock
P, Spiegelhalter D, et al. Framework for design and evaluation of
complex
interventions
to
improve
health.
BMJ.
2000;321(7262):694-6.

98.

Lewin S, Glenton C, Oxman AD. Use of qualitative methods
alongside randomised controlled trials of complex healthcare
interventions: methodological study. BMJ. 2009;339:b3496.

88

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

99.

Paul L, Coote S, Crosbie J, Dixon D, Hale L, Holloway E, et al.
Core outcome measures for exercise studies in people with multiple
sclerosis: recommendations from a multidisciplinary consensus
meeting. Mult Scler. 2014;20(12):1641-50.

100.

Learmonth YC, Motl RW. Physical activity and exercise training in
multiple sclerosis: a review and content analysis of qualitative
research identifying perceived determinants and consequences.
Disabil Rehabil. 2016;38(13):1227-42.

101.

Forsberg A, Nilsagard Y, Bostrom K. Perceptions of using
videogames in rehabilitation: a dual perspective of people with
multiple sclerosis and physiotherapists. Disabil Rehabil.
2015;37(4):338-44.

102.

Palacios-Cena D, Ortiz-Gutierrez RM, Buesa-Estellez A, GalanDel-Rio F, Cachon Perez JM, Martinez-Piedrola R, et al. Multiple
sclerosis patients' experiences in relation to the impact of the kinect
virtual home-exercise programme: a qualitative study. Eur J Phys
Rehabil Med. 2016;52(3):347-55.

103.

Dickstein S. Family routines and rituals--the importance of family
functioning: comment on the special section. J Fam Psychol.
2002;16(4):441-4.

104.

Kalb R. The emotional and psychological impact of multiple
sclerosis relapses. J Neurol Sci. 2007;256 Suppl 1:S29-33.

105.

Bostrom K, Nilsagard Y. A family matter--when a parent is
diagnosed with multiple sclerosis. A qualitative study. J Clin Nurs.
2016;25(7-8):1053-61.

106.

Liedstrom E, Isaksson AK, Ahlstrom G. Quality of life in spite of
an unpredictable future: the next of kin of patients with multiple
sclerosis. J Neurosci Nurs. 2010;42(6):331-41.

107.

Eriksson M, Svedlund M. 'The intruder': spouses' narratives about
life with a chronically ill partner. J Clin Nurs. 2006;15(3):324-33.

108.

Larocca NG. Impact of walking impairment in multiple sclerosis:
perspectives of patients and care partners. The patient.
2011;4(3):189-201.

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

89

109.

Bogosian A, Moss-Morris R, Yardley L, Dennison L. Experiences
of partners of people in the early stages of multiple sclerosis. Mult
Scler. 2009;15(7):876-84.

110.

Cahill S, Stancliffe RJ, Clemson L, Durvasula S. Reconstructing the
fall: individual, behavioural and contextual factors associated with
falls in individuals with intellectual disability. J Intellect Disabil
Res. 2014;58(4):321-32.

111.

Weber RP. Basic content analysis. Newbury Park: Sage; 1990.

112.

Svenska Neuroregistret 2018 [cited 2018 27 April] Available from:
http://neuroreg.se/.

113.

Berg KO, Wood-Dauphinee SL, Williams JI, Maki B. Measuring
balance in the elderly: validation of an instrument. Can J Public
Health. 1992;83 Suppl 2:S7-11.

114.

Cattaneo D, Regola A, Meotti M. Validity of six balance disorders
scales in persons with multiple sclerosis. Disabil Rehabil.
2006;28(12):789-95.

115.

Cattaneo D, Jonsdottir J, Repetti S. Reliability of four scales on
balance disorders in persons with multiple sclerosis. Disabil
Rehabil. 2007;29(24):1920-5.

116.

Learmonth YC, Paul L, McFadyen AK, Mattison P, Miller L.
Reliability and clinical significance of mobility and balance
assessments in multiple sclerosis. Int J Rehabil Res. 2012;35(1):6974.

117.

Penner IK, Raselli C, Stocklin M, Opwis K, Kappos L, Calabrese P.
The Fatigue Scale for Motor and Cognitive Functions (FSMC):
validation of a new instrument to assess multiple sclerosis-related
fatigue. Mult Scler. 2009;15(12):1509-17.

118.

Verheyden G, Nieuwboer A, Mertin J, Preger R, Kiekens C, De
Weerdt W. The Trunk Impairment Scale: a new tool to measure
motor impairment of the trunk after stroke. Clin Rehabil.
2004;18(3):326-34.

90

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

119.

Verheyden G, Nuyens G, Nieuwboer A, Van Asch P, Ketelaer P, De
Weerdt W. Reliability and validity of trunk assessment for people
with multiple sclerosis. Phys Ther. 2006;86(1):66-76.

120.

Csuka M, McCarty DJ. Simple method for measurement of lower
extremity muscle strength. Am J Med. 1985;78(1):77-81.

121.

Nilsagard Y, Andreasson M, Carling A, Vesterlin H. Examining the
validity and sensitivity to change of the 5 and 10 sit-to-stand tests
in people with multiple sclerosis. Physiother Res Int. 2017;22(4).

122.

Sturnieks DL, Arnold R, Lord SR. Validity and reliability of the
Swaymeter device for measuring postural sway. BMC Geriatr.
2011;11:63.

123.

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

124.

van Vliet R, Hoang P, Lord S, Gandevia S, Delbaere K. Falls
efficacy scale-international: a cross-sectional validation in people
with multiple sclerosis. Arch Phys Med Rehabil. 2013;94(5):883-9.

125.

Hobart JC, Riazi A, Lamping DL, Fitzpatrick R, Thompson AJ.
Measuring the impact of MS on walking ability: the 12-Item MS
Walking Scale (MSWS-12). Neurology. 2003;60(1):31-6.

126.

Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc.
1991;39(2):142-8.

127.

Nilsagard Y, Lundholm C, Gunnarsson LG, Dcnison E. Clinical
relevance using timed walk tests and 'timed up and go' testing in
persons with multiple sclerosis. Physiother Res Int.
2007;12(2):105-14.

128.

Paltamaa J, West H, Sarasoja T, Wikstrom J, Malkia E. Reliability
of physical functioning measures in ambulatory subjects with MS.
Physiother Res Int. 2005;10(2):93-109.

129.

Kieseier BC, Pozzilli C. Assessing walking disability in multiple
sclerosis. Mult Scler. 2012;18(7):914-24.

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

91

130.

Butland RJ, Pang J, Gross ER, Woodcock AA, Geddes DM. Two-,
six-, and 12-minute walking tests in respiratory disease. Br Med J
(Clin Res Ed). 1982;284(6329):1607-8.

131.

Gijbels D, Dalgas U, Romberg A, de Groot V, Bethoux F, Vaney C,
et al. Which walking capacity tests to use in multiple sclerosis? A
multicentre study providing the basis for a core set. Mult Scler.
2012;18(3):364-71.

132.

Parmenter BA, Weinstock-Guttman B, Garg N, Munschauer F,
Benedict RH. Screening for cognitive impairment in multiple
sclerosis using the Symbol digit Modalities Test. Mult Scler.
2007;13(1):52-7.

133.

Strober L, Englert J, Munschauer F, Weinstock-Guttman B, Rao S,
Benedict RH. Sensitivity of conventional memory tests in multiple
sclerosis: comparing the Rao Brief Repeatable Neuropsychological
Battery and the Minimal Assessment of Cognitive Function in MS.
Mult Scler. 2009;15(9):1077-84.

134.

Brown H, Prescott R. Applied Mixed Models in Medicine 2ed: John
Wiley & Sons; 2006.

135.

Elo S, Kyngas H. The qualitative content analysis process. J Adv
Nurs. 2008;62(1):107-15.

136.

Graneheim UH, Lundman B. Qualitative content analysis in
nursing research: concepts, procedures and measures to achieve
trustworthiness. Nurse Educ Today. 2004;24(2):105-12.

137.

World Medical Association Declaration of Helsinki: ethical
principles for medical research involving human subjects. JAMA.
2013;310(20):2191-4.

138.

Bohannon RW, Barreca SR, Shove ME, Lambert C, Masters LM,
Sigouin CS. Documentation of daily sit-to-stands performed by
community-dwelling
adults.
Physiother
Theory
Pract.
2008;24(6):437-42.

139.

Quinn G, Comber L, Galvin R, Coote S. The ability of clinical
balance measures to identify falls risk in multiple sclerosis: a
systematic
review
and
meta-analysis.
Clin
Rehabil.
2017:269215517748714.

92

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

140.

Finlayson ML, Peterson EW, Cho CC. Risk factors for falling
among people aged 45 to 90 years with multiple sclerosis. Arch
Phys Med Rehabil. 2006;87(9):1274-9; quiz 87.

141.

D'Orio VL, Foley FW, Armentano F, Picone MA, Kim S, Holtzer
R. Cognitive and motor functioning in patients with multiple
sclerosis: neuropsychological predictors of walking speed and falls.
J Neurol Sci. 2012;316(1-2):42-6.

142.

Paltamaa J, Sarasoja T, Leskinen E, Wikstrom J, Malkia E.
Measuring deterioration in international classification of
functioning domains of people with multiple sclerosis who are
ambulatory. Phys Ther. 2008;88(2):176-90.

143.

Gandolfi M, Munari D, Geroin C, Gajofatto A, Benedetti MD,
Midiri A, et al. Sensory integration balance training in patients with
multiple sclerosis: A randomized, controlled trial. Mult Scler.
2015;21(11):1453-62.

144.

Mikula P, Nagyova I, Krokavcova M, Vitkova M, Rosenberger J,
Szilasiova J, et al. Social participation and health-related quality of
life in people with multiple sclerosis. Disabil Health J.
2015;8(1):29-34.

145.

Finlayson M, Guglielmello L, Liefer K. Describing and predicting
the possession of assistive devices among persons with multiple
sclerosis. Am J Occup Ther. 2001;55(5):545-51.

146.

Souza A, Kelleher A, Cooper R, Cooper RA, Iezzoni LI, Collins
DM. Multiple sclerosis and mobility-related assistive technology:
systematic review of literature. J Rehabil Res Dev. 2010;47(3):21323.

147.

Warraich Z, Kleim JA. Neural plasticity: the biological substrate
for neurorehabilitation. Pm r. 2010;2(12 Suppl 2):S208-19.

148.

Rollero C. The Experience of Men Caring for a Partner With
Multiple Sclerosis. J Nurs Scholarsh. 2016;48(5):482-9.

149.

Horton S, MacDonald DJ, Erickson K, Dionigi RA. A qualitative
investigation of exercising with MS and the impact on the spousal
relationship. Eur Rev Aging Phys Act. 2015;12:3.

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

93

150.

Pfleger CC, Flachs EM, Koch-Henriksen N. Social consequences of
multiple sclerosis. Part 2. Divorce and separation: a historical
prospective cohort study. Mult Scler. 2010;16(7):878-82.

151.

Glantz MJ, Chamberlain MC, Liu Q, Hsieh CC, Edwards KR, Van
Horn A, et al. Gender disparity in the rate of partner abandonment
in
patients
with
serious
medical
illness.
Cancer.
2009;115(22):5237-42.

152.

Nilsagard Y, Bostrom K. Informing the children when a parent is
diagnosed as having multiple sclerosis. Int J MS Care.
2015;17(1):42-8.

153.

Thorsnes SL, Blindheim K, Brataas HV. Next of kin of cancer
patients - challenges in the situation and experiences from a next of
kin course. Eur J Oncol Nurs. 2014;18(6):578-84.

154.

Bostrom K, Ahlstrom G, Sunvisson H. Being the next of kin of an
adult person with muscular dystrophy. Clin Nurs Res.
2006;15(2):86-104; discussion 5-6.

155.

Lincoln YS, Guba EG. Naturalistic inquiry. Beverly Hills, Calif.:
Sage; 1985.

156.

Patton MQ. Qualitative research & evaluation methods :
integrating theory and practice. Thousand Oaks, California: SAGE
Publications, Inc.; 2015.

157.

Svenska Neurogregister. Täckningsgrad uppdelat för län, kön och
uppföljningsdatum 2018 [cited 2018 24 April]. Available from:
http://www.neuroreg.se/Content/Files/MSregs_täckningsgrad_ani
mation_1000ms(1).gif.

158.

Socialstyrelsen. Täckningsgrader 2016. 2017 [cited 2018 24
April]. Available from:
https://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/2
0473/2017-1-23.pdf.

159.

Shenton A. Strategies for ensuring trustworthiness in qualitative
research projects. Education for Information. 2004;22:63–75.

160.

Mazumder R, Murchison C, Bourdette D, Cameron M. Falls in
people with multiple sclerosis compared with falls in healthy
controls. PLoS One. 2014;9(9):e107620.

94

ANNA CARLING Impaired balance and fall risk in people with multiple sclerosis

Publications in the series
Örebro Studies in Medicine
1.

Bergemalm, Per-Olof (2004). Audiologic and cognitive long-term
sequelae from closed head injury.

2.

Jansson, Kjell (2004). Intraperitoneal Microdialysis.
Technique and Results.

3.

Windahl, Torgny (2004). Clinical aspects of laser treatment of
lichen sclerosus and squamous cell carcinoma of the penis.

4.

Carlsson, Per-Inge (2004). Hearing impairment and deafness.
Genetic and environmental factors – interactions – consequences.
A clinical audiological approach.

5.

Wågsäter, Dick (2005). CXCL16 and CD137 in Atherosclerosis.

6.

Jatta, Ken (2006). Inflammation in Atherosclerosis.

7.

Dreifaldt, Ann Charlotte (2006). Epidemiological Aspects on
Malignant Diseases in Childhood.

8.

Jurstrand, Margaretha (2006). Detection of Chlamydia trachomatis
and Mycoplasma genitalium by genetic and serological methods.

9.

Norén, Torbjörn (2006). Clostridium difficile, epidemiology and
antibiotic resistance.

10. Anderzén Carlsson, Agneta (2007). Children with Cancer – Focusing
on their Fear and on how their Fear is Handled.
11. Ocaya, Pauline (2007). Retinoid metabolism and signalling in
vascular smooth muscle cells.
12. Nilsson, Andreas (2008). Physical activity assessed by accelerometry
in children.
13. Eliasson, Henrik (2008). Tularemia – epidemiological, clinical and
diagnostic aspects.
14. Walldén, Jakob (2008). The influence of opioids on gastric function:
experimental and clinical studies.
15. Andrén, Ove (2008). Natural history and prognostic factors in
localized prostate cancer.
16. Svantesson, Mia (2008). Postpone death? Nurse-physician
perspectives and ethics rounds.

17. Björk, Tabita (2008). Measuring Eating Disorder Outcome
– Definitions, dropouts and patients’ perspectives.
18. Ahlsson, Anders (2008). Atrial Fibrillation in Cardiac Surgery.
19. Parihar, Vishal Singh (2008). Human Listeriosis – Sources and Routes.
20. Berglund, Carolina (2008). Molecular Epidemiology of MethicillinResistant Staphylococcus aureus. Epidemiological aspects of MRSA
and the dissemination in the community and in hospitals.
21. Nilsagård, Ylva (2008). Walking ability, balance and accidental falls in
persons with Multiple Sclerosis.
22. Johansson, Ann-Christin (2008). Psychosocial factors in patients
with lumbar disc herniation: Enhancing postoperative outcome by
the identification of predictive factors and optimised physiotherapy.
23. Larsson, Matz (2008). Secondary exposure to inhaled tobacco
products.
24. Hahn-Strömberg, Victoria (2008). Cell adhesion proteins in different
invasive patterns of colon carcinoma: A morphometric and molecular
genetic study.
25. Böttiger, Anna (2008). Genetic Variation in the Folate Receptor-α
and Methylenetetrahydrofolate Reductase Genes as Determinants
of Plasma Homocysteine Concentrations.
26. Andersson, Gunnel (2009). Urinary incontinence. Prevalence,
treatment seeking behaviour, experiences and perceptions among
persons with and without urinary leakage.
27.

Elfström, Peter (2009). Associated disorders in celiac disease.

28. Skårberg, Kurt (2009). Anabolic-androgenic steroid users in treatment:
Social background, drug use patterns and criminality.
29. de Man Lapidoth, Joakim (2009). Binge Eating and Obesity Treatment
– Prevalence, Measurement and Long-term Outcome.
30. Vumma, Ravi (2009). Functional Characterization of Tyrosine
and Tryptophan Transport in Fibroblasts from Healthy Controls,
Patients with Schizophrenia and Bipolar Disorder.
31. Jacobsson, Susanne (2009). Characterisation of Neisseria meningitidis
from a virulence and immunogenic perspective that includes variations
in novel vaccine antigens.

32. Allvin, Renée (2009). Postoperative Recovery. Development of a
Multi-Dimensional Questionnaire for Assessment of Recovery.
33. Hagnelius, Nils-Olof (2009). Vascular Mechanisms in Dementia
with Special Reference to Folate and Fibrinolysis.
34. Duberg, Ann-Sofi (2009). Hepatitis C virus infection. A nationwide
study of assiciated morbidity and mortality.
35.

Söderqvist, Fredrik (2009). Health symptoms and potential effects on
the blood-brain and blood-cerebrospinal fluid barriers associated with
use of wireless telephones.

36. Neander, Kerstin (2009). Indispensable Interaction. Parents’ perspectives
on parent–child interaction interventions and beneficial meetings.
37.

Ekwall, Eva (2009). Women’s Experiences of Gynecological Cancer
and Interaction with the Health Care System through Different Phases
of the Disease.

38. Thulin Hedberg, Sara (2009). Antibiotic susceptibility and resistance
in Neisseria meningitidis – phenotypic and genotypic characteristics.
39. Hammer, Ann (2010). Forced use on arm function after stroke.
Clinically rated and self-reported outcome and measurement during
the sub-acute phase.
40. Westman, Anders (2010). Musculoskeletal pain in primary health
care: A biopsychosocial perspective for assessment and treatment.
41. Gustafsson, Sanna Aila (2010). The importance of being thin
– Perceived expectations from self and others and the effect on
self-evaluation in girls with disordered eating.
42. Johansson, Bengt (2010). Long-term outcome research on PDR
brachytherapy with focus on breast, base of tongue and lip cancer.
43. Tina, Elisabet (2010). Biological markers in breast cancer and acute
leukaemia with focus on drug resistance.
44. Overmeer, Thomas (2010). Implementing psychosocial factors in
physical therapy treatment for patients with musculoskeletal pain
in primary care.
45. Prenkert, Malin (2010). On mechanisms of drug resistance in
acute myloid leukemia.

46. de Leon, Alex (2010). Effects of Anesthesia on Esophageal
Sphincters in Obese Patients.
47.

Josefson, Anna (2010). Nickel allergy and hand eczema –
epidemiological aspects.

48. Almon, Ricardo (2010). Lactase Persistence and Lactase NonPersistence. Prevalence, influence on body fat, body height, and
relation to the metabolic syndrome.
49. Ohlin, Andreas (2010). Aspects on early diagnosis of neonatal sepsis.
50. Oliynyk, Igor (2010). Advances in Pharmacological Treatment of
Cystic Fibrosis.
51. Franzén, Karin (2011). Interventions for Urinary Incontinence in
Women. Survey and effects on population and patient level.
52. Loiske, Karin (2011). Echocardiographic measurements of the heart.
With focus on the right ventricle.
53. Hellmark, Bengt (2011). Genotypic and phenotypic characterisation of
Staphylococcus epidermidis isolated from prosthetic joint infections.
54. Eriksson Crommert, Martin (2011). On the role of transversus
abdominis in trunk motor control.
55. Ahlstrand, Rebecca (2011). Effects of Anesthesia on Esophageal
Sphincters.
56. Holländare, Fredrik (2011). Managing Depression via the Internet
– self-report measures, treatment & relapse prevention.
57. Johansson, Jessica (2011). Amino Acid Transport and Receptor B
 inding
Properties in Neuropsychiatric Disorders using the Fibroblast Cell
Model.
58. Vidlund, Mårten (2011). Glutamate for Metabolic Intervention in
Coronary Surgery with special reference to the GLUTAMICS-trial.
59. Zakrisson, Ann-Britt (2011). Management of patients with Chronic
Obstructive Pulmonary Disease in Primary Health Care.
A study of a nurse-led multidisciplinary programme of pulmonary
rehabilitation.
60. Lindgren, Rickard (2011). Aspects of anastomotic leakage, anorectal
function and defunctioning stoma in Low Anterior Resection of the
rectum for cancer.

61. Karlsson, Christina (2011). Biomarkers in non-small cell lung
c arcinoma. Methodological aspects and influence of gender,
histology and smoking habits on estrogen receptor and epidermal
growth factor family receptor signalling.
62. Varelogianni, Georgia (2011). Chloride Transport and Inflammation
in Cystic Fibrosis Airways.
63. Makdoumi, Karim (2011). Ultraviolet Light A (UVA) Photoactivation
of Riboflavin as a Potential Therapy for Infectious Keratitis.
64. Nordin Olsson, Inger (2012). Rational drug treatment in the elderly:
”To treat or not to treat”.
65. Fadl, Helena (2012). Gestational diabetes mellitus in Sweden:
screening, outcomes, and consequences.
66. Essving, Per (2012). Local Infiltration Analgesia in Knee
Arthroplasty.
67. Thuresson, Marie (2012). The Initial Phase of an Acute Coronary
Syndrome. Symptoms, patients’ response to symptoms and
opportunity to reduce time to seek care and to increase ambulance use.
68. Mårild, Karl (2012). Risk Factors and Associated Disorders of
C eliac Disease.
69. Fant, Federica (2012). Optimization of the Perioperative Anaesthetic
Care for Prostate Cancer Surgery. Clinical studies on Pain, Stress
Response and Immunomodulation.
70. Almroth, Henrik (2012). Atrial Fibrillation: Inflammatory and
pharmacological studies.
71. Elmabsout, Ali Ateia (2012). CYP26B1 as regulator of retinoic acid
in vascular cells and atherosclerotic lesions.
72. Stenberg, Reidun (2012). Dietary antibodies and gluten related
seromarkers in children and young adults with cerebral palsy.
73. Skeppner, Elisabeth (2012). Penile Carcinoma: From First Symptom
to Sexual Function and Life Satisfaction. Following Organ-Sparing
Laser Treatment.
74. Carlsson, Jessica (2012). Identification of miRNA expression
profiles for diagnosis and prognosis of prostate cancer.
75. Gustavsson, Anders (2012): Therapy in Inflammatory Bowel Disease.

76. Paulson Karlsson, Gunilla (2012): Anorexia nervosa – treatment
expectations, outcome and satisfaction.
77. Larzon, Thomas (2012): Aspects of endovascular treatment of
abdominal aortic aneurysms.
78. Magnusson, Niklas (2012): Postoperative aspects of inguinal hernia
surgery – pain and recurrences.
79. Khalili, Payam (2012): Risk factors for cardiovascular events and
incident hospital-treated diabetes in the population.
80. Gabrielson, Marike (2013): The mitochondrial protein SLC25A43
and its possible role in HER2-positive breast cancer.
81. Falck, Eva (2013): Genomic and genetic alterations in endometrial
adenocarcinoma.
82. Svensson, Maria A (2013): Assessing the ERG rearrangement for
clinical use in patients with prostate cancer.
83. Lönn, Johanna (2013): The role of periodontitis and hepatocyte
growth factor in systemic inflammation.
84. Kumawat, Ashok Kumar (2013): Adaptive Immune Responses in the
Intestinal Mucosa of Microscopic Colitis Patients.
85. Nordenskjöld, Axel (2013): Electroconvulsive therapy for
depression.
86. Davidsson, Sabina (2013): Infection induced chronic inflammation
and its association with prostate cancer initiation and progression.
87. Johansson, Benny (2013): No touch vein harvesting technique in
coronary by-pass surgery. Impact on patency rate, development
of atherosclerosis, left ventricular function and clinical outcome
during 16 years follow-up.
88. Sahdo, Berolla (2013): Inflammasomes: defense guardians in
host-microbe interactions.
89. Hörer, Tal (2013): Early detection of major surgical postoperative
complications evaluated by microdialysis.
90. Malakkaran Lindqvist, Breezy (2013): Biological signature of HER2positive breast cancer.

91. Lidén, Mats (2013): The stack mode review of volumetric datasets
– applications for urinary stone disease.
92. Emilsson, Louise (2013): Cardiac Complications in Celiac Disease.
93. Dreifaldt, Mats (2013): Conduits in coronary artery bypass grafting
surgery: Saphenous vein, radial and internal thoracic arteries.
94. Perniola, Andrea (2013): A new technique for postoperative pain
management with local anaesthetic after abdominal hysterectomy.
95. Ahlstrand, Erik (2013): Coagulase-negative Staphylococci in
Hematological Malignancy.
96. Sundh, Josefin (2013): Quality of life, mortality and exacerbations
in COPD.
97. Skoog, Per (2013): On the metabolic consequences of abdominal
compartment syndrome.
98. Palmetun Ekbäck, Maria (2013): Hirsutism and Quality of Life with
Aspects on Social Support, Anxiety and Depression.
99. Hussain, Rashida (2013): Cell Responses in Infected and Cystic
Fibrosis Respiratory Epithelium.
100. Farkas, Sanja (2014): DNA methylation in the placenta and in cancer
with special reference to folate transporting genes.
101. Jildenstål, Pether (2014): Influence of depth of anaesthesia on postoperative cognitive dysfunction (POCD) and inflammatory marker.
102. Söderström, Ulf (2014): Type 1 diabetes in children with non-Swedish
background – epidemiology and clinical outcome
103. Wilhelmsson Göstas, Mona (2014): Psychotherapy patients in
mental health care: Attachment styles, interpersonal problems and
therapy experiences
104. Jarl, Gustav (2014): The Orthotics and Prosthetics Users´ Survey:
Translation and validity evidence for the Swedish version
105. Demirel, Isak (2014): Uropathogenic Escherichia coli, multidrugresistance and induction of host defense mechanisms
106. Mohseni, Shahin (2014): The role of ß-blockade and anticoagulation therapy in traumatic brain injury

107. Bašić, Vladimir T. (2014): Molecular mechanisms mediating
development of pulmonary cachexia in COPD
108. Kirrander, Peter (2014): Penile Cancer: Studies on Prognostic Factors
109. Törös, Bianca (2014): Genome-based characterization of Neisseria
meningitidis with focus on the emergent serogroup Y disease
110. von Beckerath, Mathias (2014): Photodynamic therapy in the Head
and Neck
111. Waldenborg, Micael (2014): Echocardiographic measurements at
Takotsubo cardiomyopathy - transient left ventricular dysfunction.
112. Lillsunde Larsson, Gabriella (2014): Characterization of HPV-induced
vaginal and vulvar carcinoma.
113. Palm, Eleonor (2015): Inflammatory responses of gingival fibroblasts in
the interaction with the periodontal pathogen Porphyromonas gingivlis.
114. Sundin, Johanna (2015): Microbe-Host Interactions in Post-infectious
Irritable Bowel Syndrome.
115. Olsson, Lovisa (2015): Subjective well-being in old age and its association
with biochemical and genetic biomarkers and with physical activity.
116. Klarström Engström, Kristin (2015): Platelets as immune cells in sensing
bacterial infection.
117. Landström, Fredrik (2015): Curative Electrochemotherapy in the Head
and Neck Area.
118. Jurcevic, Sanja (2015): MicroRNA expression profiling in endometrial
adenocarcinoma.
119. Savilampi, Johanna (2015): Effects of Remifentanil on Esophageal
Sphincters and Swallowing Function.
120. Pelto-Piri, Veikko (2015): Ethical considerations in psychiatric inpatient
care. The ethical landscape in everyday practice as described by staff.
121. Athlin, Simon (2015): Detection of Polysaccharides and Polysaccharide
Antibodies in Pneumococcal Pneumonia.
122. Evert, Jasmine (2015): Molecular Studies of Radiotheray and
Chemotherapy in Colorectal Cancer.

123. Göthlin-Eremo, Anna (2015): Biological profiles of endocrine breast
cancer.
124. Malm, Kerstin (2015): Diagnostic strategies for blood borne infections
in Sweden.
125. Kumakech, Edward (2015): Human Immunodeficiency Virus (HIV),
Human Papillomavirus (HPV) and Cervical Cancer Prevention in
Uganda: Prevalence, Risk factors, Benefits and Challenges of PostExposure Prophylaxis, Screening Integration and Vaccination.
126. Thunborg, Charlotta (2015): Exploring dementia care dyads’ person
transfer situations from a behavioral medicine perspective in
physiotherapy. Development of an assessmement scale.
127. Zhang, Boxi (2015): Modulaton of gene expression in human aortic
smooth muscle cells by Porphyromonas gingivalis - a possible association
between periodontitis and atherosclerosis.
128. Nyberg, Jan (2015): On implant integration in irradiated bone:
- clinical and experimental studies.
129. Brocki, Barbara C. (2015): Physiotherapy interventions and outcomes
following lung cancer surgery.
130. Ulfenborg, Benjamin (2016): Bioinformatics tools for discovery and
evaluation of biomarkers. Applications in clinical assessment of cancer.
131. Lindström, Caisa (2016): Burnout in parents of chronically ill children.
132. Günaltay, Sezin (2016): Dysregulated Mucosal Immune Responses in
Microscopic Colitis Patients.
133. Koskela von Sydow, Anita (2016): Regulation of fibroblast activity by keratinocytes, TGF-β and IL-1α –studies in two- and three dimensional in vitro
models.
134. Kozlowski, Piotr (2016): Prognostic factors, treatment and outcome in adult
acute lymphoblastic leukemia. Population-based studies in Sweden.
135. Darvish, Bijan (2016): Post-Dural Puncture Headache in Obstetrics.
Audiological, Clinical and Epidemiological studies.
136. Sahlberg Bang, Charlotte (2016): Carbon monoxide and nitric oxide as
antimicrobial agents – focus on ESBL-producing uropathogenic E. coli.

137. Alshamari, Muhammed (2016): Low-dose computed tomography of the
abdomen and lumbar spine.
138. Jayaprakash, Kartheyaene (2016): Monocyte and Neutrophil Inflammatory
Responses to the Periodontopathogen Porphyromonas gingivalis.
139. Elwin Marie (2016): Description and measurement of sensory symptoms in
autism spectrum.
140. Östlund Lagerström, Lina (2016): ”The gut matters” - an interdisciplinary
approach to health and gut function in older adults.
141. Zhulina, Yaroslava (2016): Crohn’s disease; aspects of epidemiology, clinical course, and fecal calprotectin.
142. Nordenskjöld, Anna (2016): Unrecognized myocardial infarction and cardiac biochemical markers in patients with stable coronary artery disease.
143. Floodeen, Hannah (2016): Defunctioning stoma in low anterior resection
of the rectum for cancer: Aspects of stoma reversal, anastomotic leakage,
anorectal function, and cost-effectiveness.
144. Duberg, Anna (2016): Dance Intervention for Adolescent Girls with Internalizing Problems. Effects and Experiences.
145. Samano, Ninos (2016): No-Touch Saphenous Veins in Coronary Artery
Bypass Grafting. Long-term Angiographic, Surgical, and Clinical Aspects.
146. Rönnberg, Ann-Kristin (2016): Gestational Weight Gain. Implications of
an Antenatal Lifestyle Intervention.
147. Erik Stenberg (2016): Preventing complications in bariatric surgery.
148. Humble, Mats B. (2016): Obsessive-compulsive disorder, serotonin and
oxytocin: treatment response and side effects.
149. Asfaw Idosa, Berhane (2016): Inflammasome Polymorphisms and the
Inflammatory Response to Bacterial Infections.
150. Sagerfors, Marcus (2016): Total wrist arthroplasty. A clinical, radiographic
and biomechanical investigation.
151. Nakka, Sravya Sowdamini (2016): Development of novel tools for prevention
and diagnosis of Porphyromonas gingivalis infection and periodontitis.
152. Jorstig, Stina (2016): On the assessment of right ventricular function using
cardiac magnetic resonance imaging and echocardiography.

153. Logotheti, Marianthi (2016): Integration of Functional Genomics and Data
Mining Methodologies in the Study of Bipolar Disorder and Schizophrenia.
154. Paramel Varghese, Geena (2017): Innate Immunity in Human
Atherosclerosis and Myocardial Infarction: Role of CARD8 and NLRP3.
155. Melinder, Carren Anyango (2017): Physical and psychological
characteristics in adolescence and risk of gastrointestinal disease
in adulthood.
156. Bergh, Cecilia (2017): Life-course influences on occurrence and outcome
for stroke and coronary heart disease.
157. Olsson, Emma (2017): Promoting Health in Premature Infants – with
special focus on skin-to-skin contact and development of valid pain
assessment.
158. Rasmussen, Gunlög (2017): Staphylococcus aureus bacteremia,
molecular epidemiology and host immune response.
159. Bohr Mordhorst, Louise (2017): Predictive and prognostic factors in
cervical carcinomas treated with (chemo-) radiotherapy.
160. Wickbom, Anna (2017): Epidemiological aspects of Microscopic
Colitis.
161. Cajander, Sara (2017): Dynamics of Human Leukocyte Antigen
– D Related expression in bacteremic sepsis.
162. Zetterlund, Christina (2017): Visual, musculoskeletal and balance
symptoms in people with visual impairments.
163. Sundelin, Heléne E.K. (2017): Comorbidity and Complications in
Neurological Diseases.
164. Wijk, Lena (2017): Enhanced Recovery After Hysterectomy.
165. Wanjura, Viktor (2017): Register-based studies on cholecystectomy.
Quality of life after cholecystec-tomy, and cholecystectomy incidence
and complications after gastric bypass.
166. Kuchálik, Ján (2017): Postoperative pain, inflammation and functional recovery after total hip arthroplasty. Prospective, randomized,
clinical studies.
167. Ander, Fredrik (2017): Perioperative complications in obese patients.
A thesis on risk reducing strategies.

168. Isaksson, Helena (2017): Clinical studies of RNA as a prognostic
and diagnostic marker for disease.
169. Fengsrud, Espen (2017): Atrial Fibrillation: Endoscopic ablation and
Postoperative studies.
170. Amcoff, Karin (2018): Serological and faecal biomarkers in inflammatory bowel disease.
171. Kennedy, Beatrice (2018): Childhood bereavment, stress resilience,
and cancer risk: an integrated register-based approach.
172. Andersson, Karin (2018): Metal artifacts in Computed Tomographyimpact of reduction methods on image quality and radiotherapy
treatment planning.
173. Calais, Fredrik (2018): Coronary artery disease and prognosis in
relation to cardiovascular risk factors, interventional techniques
and systemic atherosclerosis.
174. Meehan, Adrian (2018): Lithium-associated hyperparathyroidism:
Prevalence, Pathophysiology, Management.
175. Björkenheim, Anna (2018): Catheter ablation for atrial fibrillation
– effects on rhythm, symptoms and health-related quality of life.
176. Andersson, Tommy (2018): Atrial fibrillation and cause of death,
sex differences in mortality, and anticoagulation treatment in
low-risk patients.
177. Christos Karefylakis (2018): Vitamin D and its role in obesity and
other associated conditions.
178. Eriksson, Carl (2018): Epidemiological and therapeutic aspects of
inflammatory bowel disease.
179. Arinell, Karin (2018): Immobilization as a risk factor for arterial
and venous thrombosis.
180. Ganda Mall, John-Peter (2018): Non-digestible Polysaccharides and
Intestinal Barrier Function - specific focus on its efficacy in elderly
and patients with Crohn’s disease.
181. Wickberg, Åsa (2018): Adjuvant treatments to prevent local recurrence
after breast-conserving surgery for early breast cancer – radiation,
endocrine- or brachytherapy.

182. Dahlberg, Karuna (2018): e-Assessed follow-up of postoperative
recovery – development, evaluation and patient experiences.
183. Ziegler, Ingrid (2018): Quantitative detection of bacterial DNA in
whole blood in bloodstream infection.
184. Carling, Anna (2018): Impaired balance and fall risk in people with
multiple sclerosis.

