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ABSTRACT 

Background: Everyday living entails navigating complex environments and perform-

ing activities often requiring simultaneous motor and cognitive actions/tasks (dual-

tasking). Disease-related impairments in people with multiple sclerosis (MS) often 

impact sensorimotor and cognitive functions, both of which may contribute to a 

vicious cycle of decreased mobility, muscular weakness, impaired balance control, 

walking limitation, falls, and fall-related injuries. Reduced dual-task capacity is 

suggested to be more common among people with MS compared with healthy 

controls, which in turn might impact balance control. A more detailed understanding 

of the underlying mechanisms contributing to impaired balance control, as well as the 

experiences of how this affects activities and participation in people with MS’ everyday 

lives, is still lacking. Furthermore, balance training interventions with a gradual 

progression of difficulty and highly challenging tasks designed specifically for people 

with MS are rare. To develop a balance training intervention specifically targeting 

balance and walking problems for people with MS, both quantitative and qualitative 

preparatory studies are needed.  

Aim of thesis: To explore mechanisms, explore and describe experiences of balance 

control in people with MS, and furthermore to design and evaluate the feasibility of a 

highly challenging balance training intervention specific to MS. 

Methods: This thesis consists of four papers based on three data collections, 

including people with mild to moderate overall MS disability and healthy controls. 

Paper I was a test–retest reliability study of a balance assessment scale, the mini-

BESTest, with repeated measurements one week apart; 54 people with MS were 

included. Paper II was a case-control study evaluating dual-task performances of the 

motor tasks standing with eyes closed and walking, and a cognitive task, auditory 

Stroop; 55 people with MS and 30 healthy controls were included. Paper III was a 

qualitative interview study exploring how impaired balance control affects 

participation in activities in people with MS’ everyday life; 16 people with MS were 

included. Paper IV was a single-group feasibility trial of a balance training 

intervention developed specifically for MS through a co-design workshop series with 

stakeholder involvement; 12 people with MS were included.  

Results: Paper I showed that the mini-BESTest total score is reliable for assessment 

of balance control in people with mild to moderate MS over time, and that section and 

item scores are useful for identification of specific aspects of balance impairment. 

Paper II demonstrated interference on walking during motor and cognitive dual-

tasking both in people with MS and in healthy controls; but only people with mild MS 

displayed cognitive interference during walking. No dual-task effects were shown dur-

ing standing. People with moderate MS performed worse in almost every aspect of 

dual-tasking compared to those with mild MS and healthy controls. The association 

between degree of motor–cognitive dual-task interference and an increased level of 

overall MS disability was evident. People with moderate MS differed significantly from 



   

the other groups in walking slower and using longer response time. In Paper III, 

people with MS described that balance impairment limited and affected performance 

and participation in everyday activities. The ability to be continuously active was often 

limited due to lack of energy and to day-to-day variation in capacity. Specific strategies 

were used when negotiating between capacity and ambition aiming to minimise the 

impact of balance impairment to keep up a good life. In Paper IV, most aspects of the 

developed balance training intervention were found to be feasible. However, some 

adaptations need to be considered to improve retention and training session attend-

ance before embarking on a full-scale trial. 

Conclusion: The mini-BESTest demonstrated good to excellent test–retest reliability 

and small measurement errors, and is recommended for use in people with mild to 

moderate MS. Cognitive–motor interference was also present in people with mild MS. 

People with moderate MS performed worse than those with mild MS, and healthy 

controls in almost every aspect of the motor and cognitive dual-task assessments. 

Furthermore, people with mild to moderate MS perceived balance control as a skill, 

which, in contrast to their experiences prior to MS onset, has lost its automaticity and 

requires specific attention and awareness. To maintain everyday function and quality 

of life, they implement various compensatory strategies. Finally, despite some 

concerns regarding retention and attendance, the overall trial design and delivery of 

the designed intervention was found to be feasible for a full-scale trial. 

Keywords: balance control; cognitive–motor interference; content analysis; dual-

tasking; feasibility; intervention development; multiple sclerosis; outcome measure-

ment; stakeholder involvement; test–retest reliability. 



 

 

SAMMANFATTNING 

Bakgrund: I vardagslivet behöver man ofta kunna navigera och ta sig fram i komplexa 

miljöer och genomföra aktiviteter/uppgifter som kräver motorisk och kognitiv 

simultankapacitet, så kallad dual-tasking—att samtidigt kunna utföra en motorisk och 

en kognitiv uppgift. Hos de som drabbas av sjukdomen multipel skleros (MS) påverkas 

ofta sensorik, motorik, och kognitiv funktion. Nedsättning av dessa funktioner kan var 

för sig eller i samverkan leda in i en ond cirkel av minskad rörelseförmåga, 

muskelsvaghet, försämrad balans och gångförmåga, fall och fallrelaterade skador. Det 

har visats vara vanligare att personer med MS jämfört med friska personer har nedsatt 

förmåga att simultant utföra en kombinerad motorisk och kognitiv uppgift, vilket i sin 

tur kan påverka balansförmågan. En detaljerad bild av vilka mekanismer som bidrar till 

försämrad balansförmåga och hur balansnedsättning påverkar möjligheten för personer 

med MS att vara aktiva och delaktiga i vardagen saknas dock. Kunskapen om hur 

träningsinterventioner ska genomföras med balansövningar som utmanar simultan-

förmågan, med stegvis ökande svårighetsgrad, och som specifikt utvecklats för personer 

med MS, är också bristfällig. För utveckling av den här typen av balanstränings-

interventioner, specifikt riktad mot de balans- och gångbesvär som är vanliga hos 

personer med MS, behövs kvantitativa och kvalitativa förberedande studier. 

Syfte med avhandlingen: Att utforska mekanismer och beskriva erfarenheter av ned-

satt balans hos personer med MS, samt att utveckla och utvärdera genomförbarheten 

av en utmanande, intensiv, balansträningsintervention specifik för personer med MS. 

Metod: Avhandlingen består av fyra delarbeten. Analyserna utgår från tre data-

insamlingar där personer med mild till måttlig MS och friska kontroller deltog. 

Delarbete I utvärderade tillförlitligheten hos balanstestet mini-BESTest, genom upp-

repade mätningar med en veckas mellanrum. I studien deltog 54 personer med MS. 

Delarbete II var en fall-kontrollstudie som utvärderade simultankapacitet genom 

utförande av två parallella uppgifter—en motorisk och en kognitiv. Två motoriska upp-

gifter testades—att stå och blunda och att gå. I den kognitiva uppgiften skulle deltagarna 

besvara olika röstkommandon så snabbt och korrekt de kunde, så kallad auditory 

Stroop. I studien deltog 55 personer med MS och 30 friska kontroller. Delarbete III var 

en kvalitativ intervjustudie som studerade personer med MS erfarenheter av hur nedsatt 

balans påverkar delaktighet i aktiviteter i vardagen. I studien deltog 16 personer med 

MS. I Delarbete IV utvärderades genomförbarheten av en utmanande och intensiv 

balansträningsintervention, som utvecklats specifikt för personer med MS i en co-

designprocess. I genomförbarhetsstudien deltog 12 personer med MS. 

Resultat: Delarbete I visade att totalpoängen av mini-BESTest är tillförlitlig för att 

bedöma balans hos personer med mild till måttlig MS över tid. Testets fyra delskalor 

och de enskilda balansövningarna är användbara för att identifiera möjliga orsaker till 

balansbesvär. Delarbete II visade att gångförmågan påverkades vid utförande av två 

parallella uppgifter hos både personer med MS och friska kontroller, men att enbart 



   

personer med mild MS påverkades kognitivt vid gång med samtidig kognitiv uppgift 

(auditory Stroop). Ingen påverkan visades vid parallellt utförande av uppgifterna stå och 

blunda och auditory Stroop. Personer med måttlig MS presterade sämre i nästan alla 

tester av parallellt utförda uppgifter jämfört med personer med mild MS och friska 

kontroller. Samband visades mellan nedsatt förmåga att utföra parallella uppgifter vid 

gång och graden av MS-relaterad funktionsnedsättning. Personer med måttlig MS 

skilde sig markant från de andra grupperna avseende förmåga att göra två saker 

samtidigt, genom att både gå långsammare och behöva längre svarstid i den kognitiva 

uppgiften. I Delarbete III beskrev deltagarna att deras balansnedsättning begränsade 

och påverkade förmågan att vara aktiv och delta i vardagliga aktiviteter. Förmågan att 

kunna vara aktiv och hålla på med aktiviteter under längre tid var ofta begränsad på 

grund av förekomst av fatigue och av varierande dagsform. För att minimera balans-

nedsättningens påverkan och för att kunna vara delaktig i de aktiviteter i vardagen som 

upplevdes värdefulla, beskrev de att det pågick en ständig kamp och förhandling mellan 

den egna kapaciteten och ambitionen att vara fortsatt aktiv och delaktig. Delarbete IV 

visade att de flesta aspekterna av den utvecklade balansträningsinterventionen var 

genomförbara. Vissa anpassningar behöver däremot övervägas inför en framtida 

randomiserad kontrollerad studie av interventionen i syfte att öka antalet deltagare som 

fullföljer samtliga mättillfällen i studien samt att höja deltagarnas närvaro vid tränings-

tillfällen. 

Konklusion: Mini-BESTest visade på god till utmärkt tillförlitlighet och hade låga mät-

fel. Testet kan därför rekommenderas att användas för bedömning av balans över tid 

hos personer med mild till måttlig MS. Nedsatt motorisk och kognitiv simultan-

kapacitet förekom hos både personer med måttlig och med mild MS. Personer med 

måttlig MS presterade genomgående sämre både motoriskt och kognitivt vid utförande 

av parallella uppgifter jämfört med personer med mild MS och friska kontroller. Vidare 

beskrev personer med mild till måttlig MS sin balans som en förmåga, som nu inte 

längre är automatisk utan som kräver ständig uppmärksamhet och medvetenhet. För 

att kunna fortsätta upprätthålla förmåga att vara aktiv i vardagen och bibehålla sin livs-

kvalitet trots nedsatt balans, använder sig personer med MS av kompensatoriska strate-

gier. Slutligen, trots att färre deltagare än väntat fullföljde samtliga mätningar och att 

deltagarnas närvaro vid träningstillfällena var lägre än väntat i interventionen, bedöms 

den övergripande studiedesignen och genomförandet av interventionen som genom-

förbar för en fullskalig randomiserad kontrollerad studie. 

Nyckelord: balanskontroll; kognitiv-motorisk påverkan; innehållsanalys; samtidiga 

uppgifter; genomförbarhet; interventionsutveckling; multipel skleros; utfallsmått; 

involvering av intressenter; tillförlitlighet i mätmetoder. 
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1 INTRODUCTION 

 

This thesis is not only the result of four years of post-graduate education with intensive 

studies and hard research work. When I stepped through the academic door, I also 

brought with me my clinical experience rehabilitating people with multiple sclerosis (MS). 

During my educational journey, I have been struck time and again by an immense 

gratitude to the people with MS I have had the privilege of meeting, both in my previous 

clinical work and within the present research project. They have generously shared their 

time, situation, and stories.  

Despite current disease-modifying treatments there is still no cure to MS; those affected 

will live with the disease and its consequences for the rest of their lives. Those of us who 

work in MS rehabilitation often get to meet and follow our patients over time. By following 

my patients, I have been given the opportunity to listen to and learn from their experi-

ences, and examine and assess their body functions and activities. Then I have tried—

together with the patient and my colleagues in the rehabilitation team—to understand 

and describe how the disease and situation has developed and how problems raised can 

best be approached and managed. 

Measuring is an important quantitative part of a physiotherapist’s work in evaluating func-

tioning and following the progress of a disease. An important qualitative part of the work 

is meeting the individual behind the diagnosis. MS rehabilitation needs to include both 

meeting and measuring—as research in the field should benefit from being carried out 

both quantitatively and qualitatively. This reasoning can be linked to the quantitative and 

qualitative methods that I have used in this thesis. 
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2 BACKGROUND 

 

2.1 MULTIPLE SCLEROSIS 

2.1.1 Etiology and hallmark signs 

Multiple sclerosis (MS) is a chronic inflammatory and neurodegenerative disease of the 

central nervous system with a presumed autoimmune origin strongly linked to Epstein-

Barr viral infection1-2. Worldwide, an estimated 2.8 million people are affected by MS3, 

and it is a leading cause of non-traumatic neurological disability among younger 

adults1,4. Disease onset is typically between 20 and 35 years of ageq1,4-5. The majority of 

those affected live with the disease throughout their lifespan; life expectancy is 

decreased by up to a decade compared to the general population6-8. The disease occurs 

about three times more often in women than in men1,4-5.  

The exact origin of MS is not fully understood, but most likely the disease is caused by 

an interaction between genetic predisposition and triggering lifestyle and environmen-

tal factors1. Various suggested additional risks include living in high latitude areas, low 

vitamin D levels, and cigarette smoking1,9-11. Similar to other Northern European 

countries, Sweden is a high risk area for MS, with a prevalence of 181/100,000, which 

corresponds to about 20,000 individuals living with an MS diagnosis, with between 500 

and 700 newly diagnosed each year12. 

The hallmark sign of MS is the occurrence of focal demyelinated lesions in the central 

nervous system disseminated in time and space. The lesions can arise at any site within 

the central nervous system and the optic nerves and can cause damage to axons and 

neurons in both white and grey matter13. The lesion’s location determines which 

functions are affected. Frequent symptoms include sensory and visual disturbances, 

muscle weakness and stiffness, impaired balance, walking limitation, vertigo, bowel and 

bladder dysfunction, cognitive deficits, and fatigue14. 

2.1.2 Diagnosis, disease phenotypes and progression 

A diagnosis of MS is based on the demonstration of inflammatory demyelinating damage 

in the central nervous system spread in time and space; i.e., reflecting a chronic inflam-

matory course involving several parts of the system. The current 2017 revised McDonald 

diagnostic criteria15-16 consider clinical history, signs upon neurological examination, 

cerebrospinal fluid analysis, and magnetic resonance imaging findings14.  

MS can be stratified based on disease course; commonly recognised phenotypes include 

radiologically isolated syndrome, clinically isolated syndrome, relapsing–remitting MS, 

and progressive MS—the latter subdivided into secondary progressive MS and primary 

progressive MS17-18. Moreover, disease course phenotypes can also be subcategorised as 
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inflammatory active or non-active, and with or without clinical progression, respec-

tively18. In active MS, clinical relapses or ongoing inflammatory activity demonstrated 

by magnetic resonance imaging is evident within a specific period; e.g., one year. Clinical 

progression can also occur without active neuroinflammation, usually manifesting as 

steadily increasing and objectively documented neurological disability without 

unequivocal recovery, where fluctuations and phases of stability may occur18.  

Periodic occurring episodes (bouts) of active neuroinflammation cause demyelination 

and neuroaxonal degeneration. Remyelination of lesions occurs but is rarely fully 

completed either structurally or functionally, which together with residual incomplete 

neural recovery contributes to accumulation of irreversible disability13-14,19. However, 

signs of more generalised neurodegeneration occur at the earliest phases of MS, which 

might contribute to disability progression1,20. In fact, progression of clinical disability, 

independent of relapses, is more important not only in in progressive MS forms, but also 

in relapsing–remitting MS21-22. Still, the progression of the disease and the consequences 

of the lesions differs widely between people with MS19. Even though the incidence of MS 

worldwide has increased over the last decades, there are signs that the natural progres-

sion of the disease has slowed down, which may result from improved diagnostics, 

development of disease-modifying therapies, and lifestyle-driven changes5.  

2.1.3 Disease modifying therapies 

Although there is currently no cure or reparative treatments for MS, inflammatory 

disease activity can be ameliorated with use of disease modifying therapies. Over the last 

25 years increasingly effective disease modifying therapies have been developed for 

relapsing–remitting MS, although they are also associated with varying risks of 

treatment-related adverse side effects. More recently, a few disease-modifying therapies 

for progressive MS have been approved, even if the relative benefit of treatment is much 

smaller compared with early phases of the relapsing–remitting disease course, including 

clinically isolated syndrome23. It is a generally held belief that disease modifying thera-

pies can delay future worsening of neurological functions in MS by limiting further 

inflammation and ensuing damage to the nervous tissue, but that they do not contribute 

to amelioration of already existing damage and disability. Truly reparative therapies 

have been tested in clinical trials, but so far results have been mixed24. 

2.1.4 Assessment of overall MS disability 

The Expanded Disability Status Scale (EDSS)25 is the most-used rating scale for 

assessment of overall disability in MS (Figure 1). The scale assesses the level of 

impairment in seven functional systems, and limitation of ambulation, which together 

provide a picture of current overall MS-disability. The functional systems assessed are 

visual, brainstem, pyramidal (motor), cerebellar, sensory, bowel and bladder functions, 

and cognitive function. Limitation of ambulation is measured by use of the distance the 

individual can walk. The EDSS score ranges from 0 to 10, and higher scores indicate 
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higher level of overall disability. In higher scores, ambulation largely determines overall 

MS disability25. For example, an EDSS score of 2.0 corresponds to minimal to mild 

impairment in one functional system, while an EDSS score of 3.5 corresponds to mild to 

moderate impairment in at least one functional system and combinations of minimal to 

mild impairments in several others, but no limitation in walking. Furthermore, an EDSS 

score of 5.5 corresponds to impairments severe enough to keep one from fully managing 

daily activities, while still being able to walk without aid or rest for 100 metres. An EDSS 

score of 7.0 corresponds to being essentially restricted to a wheelchair and unable to 

walk more than five metres, even with aid.  

 

 

Figure 1. Illustration of the EDSS25. In the EDSS scores from 0 to 5, the EDSS score is 

based on the functional system scores. In EDSS scores of 4.5 and up, ambulation deter-

mines the EDSS score. 

 

2.2 FUNCTIONING, DISABILITY AND QUALITY OF LIFE 

2.2.1 The International Classification of Functioning, Disability and Health (ICF) 

The International Classification of Functioning, Disability and Health (ICF) is a frame-

work used to describe an individual’s functioning and disability given a health condition, 

while taking contextual factors into account26 (Figure 2). Functioning includes body 

functions (the physiological functions of body systems), body structures (the anatomical 

parts of the body), activities (the execution of a task or action by an individual), and 

participation (involvement in a life situation). Disability includes impairments in body 

functions or structures, limitations in executing activities, and restrictions in involve-

ment in life situations. The contextual factors—environmental and personal—comprise 

the complete background of an individual’s life and modes of living that influence func-

tioning and disability. Environmental factors comprise the physical, social, and 

attitudinal environment in which the individual lives; e.g., their home, workplace, and 
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community. Personal factors refer to individual characteristics (e.g., sex, age, education, 

and lifestyle), behaviour patterns, and psychological assets. MS is a complex health 

condition that often impacts an individual’s functioning—body functions, activities, and 

participation—which might lead to disabilities—i.e., impairments in body functions, 

limitations on activity, or restrictions on participation. How disabilities affect each 

individual is influenced by both personal factors and environmental factors26. Due to 

MS’s complexity, the ICF is suitable for use as a framework to describe the impact of the 

disease at the individual level, but also on the group level.  

 

 

Figure 2. The ICF model illustrates the interaction between biological and social per-

spectives of functioning and disability in relation to an individual’s health/health condi-

tion and environmental and personal factors26. 

 

2.2.2 Quality of life  

The World Health Organisation defines quality of life as “an individual’s perception of 

their position in life in the context of the culture and value systems in which they live 

and in relation to their goals, expectations, standards and concerns”27. Health-related 

quality of life refers to the dimension of quality of life that is related to an individual’s 

subjective experience of their health or health condition28. Rating(s) of the perceived 

impact of a specific disease on an individual’s health are also used to capture the 

individual experience of how the disease has impacted an aspect of life29-30. Another 

concept is life satisfaction, which has been seen as a social indicator of meaningfulness 

and happiness in life31. Life satisfaction characterises the contentment that a person 

derives from a certain domain of life or from life as a whole32. Like health-related quality 

of life, life satisfaction can be seen as a part of the broader quality‐of‐life concept33. 
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Neither “quality of life”, “health-related quality of life” or “life satisfaction” are included 

as part of the ICF.  

In people with MS, health-related quality of life is lower than in the general population34-

35. Also, quality of life is lower in people with MS in comparison to those diagnosed with 

other chronic health conditions36.  

 

2.3 PREREQUISITES FOR ACTIVITY PERFORMANCE IN EVERYDAY LIFE 

2.3.1 Balance control 

Balance control (also referred to as postural control) is essential for standing and walk-

ing independently. Balance control is a complex skill which relies on the interaction 

between several physiological systems (i.e., musculoskeletal, neuromuscular, cognitive, 

and sensory systems), environmental factors, and the performed task37-38. Balance 

control supports the individual in performing movements intended to manage a certain 

task performed within a specific environment. The window in which the individual is 

able to manage such a task is called the “degree of freedom”38-39; since it is not fixed and 

is continuously changing depending on the individual, the task, and the environment. 

Balance control is achieved through the two functional goals: postural orientation and 

postural equilibrium. Postural orientation involves active motor control of the body's 

positioning, stability, and flexibility, with respect to gravity, actual support surface, and 

visual and sensory information. Postural equilibrium refers to the sensorimotor 

strategies used (automatically or voluntarily) to maintain balance control under 

disturbance (self-initiated or externally triggered). According to Horak’s model, the 

balance control system can be divided into six subsystems important for balance control 

(Figure 3): biomechanical constraints, movement strategies, sensory strategies, 

orientation in space, control of dynamics and cognitive processing37. 
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Figure 3. Illustration of Horak’s model for balance control37. 

 

Biomechanical constraints refers to factors affecting an individual's stability limits, such 

as their base of support, range of motion, strength, and pain. Movement strategies can 

include reactive (a postural reactive response to unexpected loss of balance control), 

anticipatory (a learned strategy to maintain balance control in a familiar body move-

ment), and voluntary planned movements37. Specific information from somatosensory, 

visual, and vestibular systems serves as a feedback mechanism for the regulation of ad-

equate movement strategies. Information must be processed, interpreted, and inte-

grated to internal and external conditions. Furthermore, sensory strategies must be 

flexible and able to recalibrate and adapt to whichever of the sensory systems a specific 

strategy is currently relying on40. Remaining oriented in space is essential for the body 

to remain vertical with respect to gravity, the support surface, and the visual surround-

ings, and is dependent on the context and the task37. Control of dynamics is a complex 

motor coordination skill required for flexible balance control during walking or other 

dynamic movements41. Finally, purposeful, effective, and automatic balance control 

requires cognitive processing. With attention and active monitoring of balance control, 

the aforementioned strategies, conditions, and contexts can be learned and performed 

automatically, to a various extent37. 

There is no specific code for balance control in the ICF, but functions essential for 

balance control are classified in the ICF as body functions; e.g., postural reactions and 



 

9 

motor and sensory functions as well as cognitive processing26. Balance control is mainly 

assessed through performance of various activities while sitting, standing, or walking. 

2.3.2 Walking  

Walking, which in the literature also is referred to as gait, is the coordinated movement 

of body segments achieved through action of the neuromusculoskeletal system42. Walk-

ing is designed to maintain energetic efficiency and is monitored by higher cognitive 

processes that integrate sensory information with motor adaptation, which lead to 

flexible and stable walking in everyday life situations as well as under challenging condi-

tions42. The resource of control of dynamics37 is required for independent walking with 

balance control. The repetitive mechanical cyclic pattern leading to continued walking 

is referred to as gait cycles43. A gait cycle is the motion from one heel-strike to the next 

heel-strike by the same foot. Each gait cycle consists of a stance phase, when the foot is 

on the ground; and a swing phase, when the leg is swinging forward. The phases of a gait 

cycle can be further divided into detailed events that can be analysed and described in 

numerous gait parameters, referred to as walking measures within this thesis43. Walking 

is a complex skill, which often performed in parallel to a concurrent activity—a dual-

task. 

2.3.3 Cognitive function 

Cognitive function is defined in the ICF by several functions that interact in the cognitive 

processing needed for thinking or performing different tasks26, such as episodic 

memory, language, visuospatial ability, processing speed, and executive functions. 

Executive functions is an umbrella term for various goal-oriented cognitive processes—

e.g., the executive control of working memory manipulation, inhibitory control, and 

cognitive flexibility—essential for performing complex and challenging tasks44. A high 

degree of executive control is needed for the regulation of divided and focused 

attention44; such as doing two things simultaneously, i.e., “dual-tasking”.  

2.3.4 Dual-tasking  

Higher-order executive functions are required to do several things at the same time 

(dual-tasking)44. Dual-tasking is defined as “the concurrent performance of two tasks 

that can be performed independently, measured separately, and have distinct goals”45. 

Dual-tasking can either be a combination of two motor tasks, two cognitive tasks, or a 

combination of a cognitive task and a motor task45. This can be exemplified by complex 

walking—walking while simultaneously processing a cognitive task. 

The two most accepted models explaining dual-tasking and how it effects humans are 

referred to as the capacity-sharing model and the bottleneck model46. Within the 

capacity-sharing model, limited capacity in parallel processing is what causes cognitive–

motor interference. In the bottleneck model, one task is processed at a time, which 

means that dual-tasking requires constant alternation between the performed tasks46. 
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The dual-task cost is used to measure cognitive–motor interference; i.e., the change in 

performance of one task under a single-task condition to the performance of the same 

task under a dual-task condition47. The effect of the dual-task interaction can be calcu-

lated to evaluate the interference in terms of cost or benefit—whether one task is 

burdened or facilitated by the other task. The dual-task effect can therefore result in 

either a cost or a benefit for the performance of either or both of the tasks45,48.  

The novelty and the complexity of two tasks included in dual-tasking challenges the 

capacity for divided attention45. Clinical assessment methods that include dual-task 

paradigms can be sensitive measures and useful in predicting the risk of future falls49. 

For the appropriate assessment of dual-tasking, both the novelty and the complexity of 

the motor and cognitive tasks must be considered to determine the difficulty level45. 

Obviously, the novelty of a task decreases with repeated exposure. Through learning, 

the automaticity of the novel task will increase, and over time will require less and less 

use of attention-demanding executive control resources50. 

A growing body of research shows that even healthy people show a dramatic decrease in 

motor performance when cognitive load is slightly increased51. For the assessment of 

effects of cognitive processes during walking—i.e. dual-tasking during walking—tests 

targeting complex attention and executive functions have been used47, since a successful 

performance of cognitive–motor dual-tasking requires involvement of executive func-

tions44. 

 

2.4 LIMITATIONS IN ACTIVITY PERFORMANCE IN EVERYDAY LIFE IN MS 

2.4.1 Impaired balance control in MS 

The cortical lesions in white matter bundles and brain regions cause impaired balance 

control in people with MS52. These lesions might impact numerous specific functions 

important for balance control—vestibular, sensory, proprioceptive, visual, motor, and 

cognitive functions—as well as their integration and interplay53. In people with an 

overall MS disability of EDSS 1.0 to 6.0, balance impairment is characterised by 

considerable deficits in maintaining balance control through static and dynamic 

activities, as well as through reactive responses54. Balance deficits are often present in 

early stages of MS, even in people with MS who have minimal or no clinical signs of 

other impaired functions associated with MS55. It has been suggested that the deficits in 

balance control present in MS result from slowed or interrupted spinal somatosensory 

conduction, rather than from cerebellar deficits, and that this might be compensated by 

an increased magnitude of postural responses56. However, the altered postural responses 

are still poorly understood57. Deficits in balance control in people with MS can all be 

linked to the subsystems included in Horak’s model for balance control37.  



 

11 

2.4.2 Walking limitation in MS 

Changes in walking also occur in people with relatively low overall MS disability and 

some of the affected aspects of walking include speed, stride length, double support 

duration, and step length58, which often are amplified in faster walking speeds. Also, 

people with early-stages of MS without visible signs of walking limitation show changes 

in walking during walking with horizontal head turns—an action required in activities 

of daily living59, and included in Horak’s model for balance control as the subsystem 

orientation in space37. The consequence of the disease's impact on walking are charac-

terised by reduced speed, walking-related balance impairment, and reduced physical 

activity related to walking53.  

2.4.3 Cognitive impairment in MS 

Cognitive impairment is common among people with MS in both earlier and later stages 

of the disease, with a prevalence ranging between 43% and 70%60-61. All cognitive 

domains can be affected in people with MS, but typically impairments in information 

processing speed, episodic memory, and executive functions (i.e., shifting, inhibition, 

and verbal fluency) occur60,62-64. More rarely, language, semantic memory, and ‘simple’ 

attention tasks (e.g., repeating digits) are impaired60,65. Cognitive processing is included 

as a resource/subsystem in Horak’s balance control model37. 

2.4.4 Dual-tasking and cognitive–motor interference in MS  

The coupling of cognitive and motor functions in MS has been observed in studies 

exploring cognitive–motor interference regarding the cross-modality transfer effects of 

walking performance and aspects of cognitive function66-67. Both control of dynamics 

and cognitive processing are important subsystems for balance control37. Cognitive–

motor interference is considerably disabling even in people with MS with mild disease68-

69. Furthermore, it has been shown that performing a cognitive task concurrent with 

walking is associated with reduced walking performance70, and that an increased fall risk 

is present even in early phases of MS due to difficulties related to cognitive dual-tasking 

during walking71. The difference in cognitive–motor interference while standing or 

walking between people with mild to moderate overall MS disability and healthy 

controls has been shown to be small in two systematic reviews72-73. In some studies, 

healthy controls did not show cognitive–motor interference on the cognitive task during 

walking, while cognitive–motor interference was present among people with MS74-75, 

which suggest that assessment of dual-task performance of a cognitive task during 

walking could serve as a marker of cognitive status in people with MS. However, 

hitherto, studies on cognitive–motor interference have been conducted in relatively 

small samples people with MS with lower overall MS-disability, and few studies have 

included comparisons with healthy controls70. Furthermore, performance on both 

motor and cognitive tasks should be reported in cognitive–motor studies73. 
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2.5 LIVING WITH IMPAIRED BALANCE CONTROL IN MS  

2.5.1 Falls in MS  

Falls may be the consequence of impaired balance control, and falls frequently occur in 

people with MS76; seven out of ten experience at least one fall over a six-month period76-

77. Falls are most common in people with moderate overall MS disability78 and they are 

frequently related to situations that require divided attention (dual-tasking)79. Falls 

often result in serious consequences, such as injuries80 and activity curtailment, and they 

have negative impact on quality of life81. Also, fear of falling impacts leisure-time physi-

cal activity in people with MS82. Interventions aiming to improve balance control and 

reduce falls in people with MS have been evaluated in quantitative research83, with 

promising results84-86.  

2.5.2 Perceptions of balance control in MS  

Qualitative research in people with MS has described falls and perceived causes of 

falling. Most falls happen indoors during everyday activities87. Dual-tasking, impaired 

motor function (muscular endurance), fatigue, and heat sensitivity are factors perceived 

by people with MS to cause accidental falls79. Additionally, qualitative research has 

described how the effects of balance training interventions are perceived and facilitate 

activity88-89. However, perspectives on how balance impairment affects the lives of 

people with MS need to be explored in order to deepen knowledge on how balance 

training interventions specific to MS should be delivered. Furthermore, people with MS 

have described how embarrassment related to one’s balance impairment and 

perceptions of other people’s attitudes serve as barriers in continuing to be physically 

active90. However, a more comprehensive picture of how impaired balance control in 

people with MS affects their participation in various everyday activities, including 

activities of particular value and meaning91, is still lacking. 

 

2.6 ASSESSMENT OF BALANCE CONTROL, WALKING, COGNITIVE FUNCTION, 

AND DUAL-TASKING  

2.6.1 Assessment of balance control 

The concept of commonly used tests for balance control is based on measurement of the 

capacity to maintain balance control during balance-requiring activities92. Depending 

on the quality of the performance of these activities, a specific score of ordinal nature is 

generated on the scale. A commonly-used balance assessment scale in the clinic is the 

Berg Balance Scale93, which was developed for assessing balance in the elderly. It is the 

most frequently-used measure of balance control in people with MS, both when used as 

a primary outcome83, and as a secondary outcome94, even though ceiling effects in 

people with MS with balance deficits have been reported95. A more recently developed 
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balance test is the Balance Evaluation Systems Test (BESTest)96, developed to assess the 

six underlying systems for postural control that may contribute to balance deficits in 

adults. The BESTest was after factor and Rasch analyses, shortened to the mini-BESTest 

which focuses on dynamic balance control97. The mini-BESTest consists of 14 items 

grouped into four of the six BESTest sections underlying postural control (anticipatory, 

reactive postural control, sensory orientation, dynamic gait). It takes 10–15 minutes to 

administer. 

Objective assessment of balance control can be performed with posturography, a test 

which provides measurement of postural sway98. Another novel body-worn sensor-

based motion analysis system that objectively measures postural sway with accelero-

meter technology is the APDM Mobility Lab system99-100. Aspects of balance measured 

as postural sway can be quantified and analysed with sensors placed on the wrists, 

ankles, chest (trunk), and lower back (lumbar) during prescribed tasks99-100. The sensors 

are designed with triaxial accelerometers, gyroscopes, and magnetometers that record 

aspects of motion that are wirelessly transferred to an access point docked to a com-

puter100. The lumbar-placed sensor records the postural sway parameters; namely sway 

area and sway velocity during the sway assessment101. 

2.6.2 Assessment of walking 

There are various quantitative tests suitable for assessing walking in the clinic. The most 

frequently-used tests when evaluating short and long walking distances in people with 

MS are the 25 foot walk test and the 6 minute walk test, respectively102; which mainly 

focus on a single aspect of walking; i.e., walking speed42. Furthermore, there are 

diagnosis-specific ordinal walking scales measuring the impact of a condition on walking 

ability—for people with MS, this is the self-reported MS walking scale103. For a more 

detailed analysis on aspects of walking (gait), there are various methods suitable for use 

in laboratory settings, such as three-dimensional gait analysis, the GaitRite© system, 

and body-worn sensor-based systems (e.g., the APDM Mobility Lab system described in 

the previous paragraph)104. Validity and repeatability of walking measures measured by 

the APDM Mobility Lab system have been assessed in healthy people with excellent 

results105. This system has lately been utilised in studies of people with MS106-107. 

2.6.3 Assessment of cognitive function 

To screen for cognitive impairment, the Montreal Cognitive Assessment (MoCA)108 is 

recommended as a useful and sensitive brief screening tool in people with MS109. The 

MoCA items assesses short-term memory (recall and delayed recall), visuospatial 

abilities, aspects of executive functions, phonemic fluency task, verbal abstraction, 

attention, concentration, working memory, language, and orientation to time and 

place108. Another quickly administered and commonly used screening measure 

recommended for people with MS is the Symbol Digit Modalities Test110. It measures 

information processing speed and sustained attention, and has been reported to be 
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effective in detecting cognitive dysfunction in people with MS111. For a more 

comprehensive assessment of cognitive function in people with MS, several 

neuropsychological batteries are developed. These batteries differ somewhat regarding 

which cognitive components are covered112.  

2.6.4 Assessment of dual-tasking 

To explore dual-tasking and cognitive–motor interference in people with MS, cognitive 

tasks that challenge executive functions, sustained attention, information processing 

speed, and tasks that involve discriminating conflicting stimuli have been suggested113-

114. The Stroop paradigm, which challenges selective executive functions, such as 

response inhibition, has been recommended as a suitable task for this assessment in 

people with MS72. The Stroop paradigm is based on concepts (e.g., words, colours) that 

are distinctly different from each other. In the visual Stroop test, the word green could 

be printed in green ink with congruence between the word and the ink colour, but if the 

word green is printed in a different ink colour, an incongruent stimulus appears115. 

Another version of the Stroop test is the auditory Stroop, which also consists of distinctly 

different words (stimuli), presented in distinctly different pitches, loudness, or times 

(length). The largest auditory Stroop effects have been shown with stimuli presented 

with different pitch levels116. Within this thesis, the auditory Stroop consisted of two 

stimulus words: “high” and “low”, verbally presented either congruent or incongruent to 

pitch level (high or low). The individual performing the test responds verbally to the 

pitch the stimulus is presented in, with the words “high” or “low”, as quick and accurately 

as possible116. By audio-recording the responses, the number of correct and incorrect 

responses can be counted, and the response time can be measured and analysed. 

 

2.7 RELIABILITY IN QUANTITATIVE MEASUREMENT METHODS 

To be able to determine the effect of a balance training intervention, the reliability of 

the measurement method needs to be evaluated for the specific patient group, regardless 

of the aspect intended to be measured or the measurement method. According to the 

COSMIN initiative (COnsensus-based Standards for the selection of health Measure-

ment INstruments), the domain reliability contains the measurement properties of 

internal consistency, reliability, and measurement error117. The domain definition of 

reliability is “the degree to which the measurement is free from measurement error”, and 

furthermore, “the extent to which scores for patients who have not changed are the same 

for repeated measurement.” The measurement property definition of reliability is “the 

proportion of the total variance in the measurements which is because of ‘true’ differ-

ences between patients”, and the measurement property definition of measurement 

error is “the systematic and random error of a patient’s score that is not attributed to 

true changes in the construct to be measured”117. 
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Within this thesis, the mini-BESTest was planned as a primary outcome for measuring 

balance control in a future randomised controlled trial of a balance training intervention 

specific to MS. However, at that time the test–retest reliability of the original version of 

the mini-BESTest had only been evaluated in one small study in people with MS118. 

Therefore, there was a need of a test–retest reliability study of the mini-BESTest on a 

larger sample in a Swedish context. 

 

2.8 REHABILITATION, PHYSICAL ACITIVITY, AND EXERCISE 

2.8.1 Rehabilitation 

The World Health Organisation states that rehabilitation addresses the impact of a 

health condition and that rehabilitation should aim to optimise functioning and reduce 

an individual’s experiences of disability in the daily life119. Multidisciplinary rehabilita-

tion is recommended for patients living with complex health conditions. Rehabilitation 

might not reduce impairments per se, but the reduction of impairments can support 

improvements with regard to activity and to participation in society, and also to an 

increased quality of life120. 

2.8.2 Physical activity and exercise 

Physical activity as a part of rehabilitation is one of the most important actions one can 

take to improve health. Physical activity not only improves health and reduces the risk 

of many chronic diseases, but also contributes to mental and physical well-being, as well 

as better sleep and physical function121. The broad definition of physical activity, “any 

bodily movements produced by skeletal muscles that result in energy expenditure”, 

includes all forms of physical activity in daily life122. When physical activity is “planned, 

structured, and repetitive” and has the purpose of improvement or maintenance of phys-

ical fitness, it is labelled “physical exercise”—an organised and structured sub-

component of physical activity122.  

2.8.3 Physical exercise in people with MS 

Physical exercise in MS rehabilitation has been found to effectively restore and maintain 

functions, be health-preventive, optimise quality of life, and support participation in 

activities123. Various exercise modalities, such as training with focus on fitness or muscle 

strength, have positive effects on a wide range of disabilities experienced by people with 

MS124. 

During recent years a possible link between physical exercise and disease status in MS 

has been demonstrated. Although the scientific evidence is still considered weak125, an 

increasing body of literature shows that physical exercise modulates inflammatory 

markers in blood126-130. However, further studies are needed to investigate to what degree 
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this is valid for intensive balance training in people with MS. Potentially the effect of 

improved balance can be amplified by significantly increased daily ambulatory activity.  

 

2.9 BALANCE TRAINING 

2.9.1 Balance training principles 

Balance training as a physical exercise should be designed to challenge the subsystems 

for balance control37,96. Highly challenging balance training should involve, e.g., move-

ment of the centre of mass, challenging stability limits by narrowing the base of support 

and minimising upper limb support131. Furthermore, the intensity of balance training, 

defined as “the degree of challenge to the balance control system relative to the capacity 

of the individual to maintain balance”132, should be established. The intensity of the 

balance training is crucial for improvement and it needs to be increased when balance 

control is improved by training133. However, today there are no tools developed to assess 

the intensity of balance training134. Balance training interventions should be planned, 

and structured interventions should be aimed at enhancing the balance control system 

for at least 50% of the intervention131. Outcome measures used in balance training inter-

ventions could capture changes in postural stability and or in the performance of 

activities that require balance control, such as walking. Falls and aspects surrounding 

falling are also used as an outcome of balance training interventions; however, these 

measures have problems with accuracy and variability83. 

2.9.2 Balance training in MS 

Recently, randomised single-blinded 6 to 10 week-long balance training interventions in 

ambulatory people with MS have shown improvement in balance control85,135 walking 

performance84, and reduction of perceived walking limitations, and the frequency of falls 

and near falls85. The improved balance control shown in one study was still significant 

at the 24-week follow-up135.  

Various approaches to balance training for people with MS have recently been developed 

and evaluated. These approaches mostly consist of exercises based on a few aspects of 

the sensory and motor subsystems, while exercises of other aspects and subsystems of 

importance for balance control—such as reactive motor responses, vestibular sensory 

integration, and cognitive dual-tasking—are rarely included134. Recently it was 

concluded that balance training of high ‘intensity’ (volume of therapy) seems to be 

critical for maximised effect136, but systematic gradual progression and monitoring of 

intensity/level of challenge in balance training interventions are rare134. This indicates a 

need for the development of randomised controlled studies investigating the effects of 
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highly challenging balance training for people with MS which target the relevant sub-

systems of balance control with a systematic gradual progression with short- and long-

term follow-up.  

 

2.10 INTERVENTION DEVELOPMENT AND FEASIBILITY 

2.10.1 Development and adaptation of a balance training intervention 

Within this thesis, a highly challenging balance training intervention originally devel-

oped for and tested in elderly patients with Parkinson’s Disease (called HiBalance PD)137-

138 has been further developed and adapted to a balance training intervention for people 

with MS. The adaptation process of an original complex intervention to a new patient 

group can be defined as “a systematically planned and proactive process of intervention 

modification with the aim to suit the specific characteristics and needs of a new context 

and enhance intervention acceptability”139. The goal of the adaptation process in the 

present research was to tailor the complex intervention for optimal design for the new 

patient group (people with MS)140. The target of the adaptation process was planned to 

mainly concern content modifications139 to fit and be specific to people with MS.  

The adaptation process included a co-design workshop series, conducted together with 

invited stakeholders—people with MS, patient organisation representatives, and physio-

therapists specialised in MS rehabilitation—and by consulting key developers of the 

original intervention (Figure 4). A co-design approach141 was used in intervention 

development to promote anchoring and commitment to the intervention among 

relevant stakeholders. The co-design process was inspired by the definition of 

participatory design; i.e., as a process that stimulates and contributes to investigation, 

deepened understanding, and mutual learning between multiple participants through 

collective reflection141. Additionally, knowledge previously gained from the current study 

was used in the adaptation process (Papers II and III).
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2.10.2 Feasibility 

A feasibility study conducted in preparation for a planned randomised controlled trial 

(RCT) shall examine key uncertainties identified during the intervention adaptation, 

in accordance with the Medical Research Council guidance140,142. The main focus of a 

feasibility study is to explore whether the intervention can be conducted in a specific 

patient group (acceptability of the intervention), and the suitability of potential out-

come measures—and if both are deemed appropriate, decide how the intervention 

should proceed to an evaluation of efficacy143. The identified uncertainties can be 

grouped into reasons (i.e., assessment of the study process, time, and resource 

problems; human and data management problems; and, scientific dose–response 

aspects and safety) for conducting the feasibility study, which within this thesis are 

referred to as “feasibility aspects”144. Uncertainties investigated through a feasibility 

study might include acceptability of the intervention to the participants; adherence 

and compliance to the intervention and the training; ways to ensure representative 

recruitment and engagement; choice of primary outcomes and their characteristics; 

retention rate; response rates to questionnaires; adherence/compliance to training 

rates; the time needed to collect, manage and analyse data; and ethical conduct145.  

Conducting a feasibility study may prolong the time spent on research until the 

efficacy of the intervention can be evaluated, but on the other hand, a feasibility study 

can save money146. Feasibility research may help in designing high impact studies on 

physical exercise in people with MS147. 

To know whether the intervention can proceed to the next evaluation phase, evalua-

tion of efficacy, a number of progression criteria should be defined148-149. Relevant 

progression criteria could, for example, be formulated as: a minimum percentage 

recruitment of participants (80%) within the planned recruitment window; a 

minimum percentage of participants randomised to the intervention that also have 

continuity and compliance in the training (80%); and a minimum percentage of 

completion rate of the proposed primary outcome measures among participants 

attending the planned primary endpoint at 24-week follow-up measurements (80%). 

As a preparation for a forthcoming randomised controlled efficacy study of the 

adapted balance training intervention, a feasibility study was conducted143. A feasibil-

ity study was considered necessary, since the original balance training intervention 

was adapted to a new heterogeneous patient group.  
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3 RATIONALE 

MS is a chronic neuroinflammatory disease in the central nervous system that often 

affects people in young adulthood, where the natural progression of the disease over the 

lifespan leads the majority of the affected toward irreversible disability. Even in the early 

stages of the disease, impaired balance control, walking limitations, and cognitive 

impairment are present. The consequences of MS often lead those affected into a vicious 

cycle of decreased mobility, muscular weakness, balance impairment, falls, and 

fractures. The increased risk of falling is in people with MS is commonly related to 

deteriorated dual-task ability; i.e., having difficulties performing two things 

simultaneously. High intensity balance training and the level of the challenge have been 

pointed out as key factors in achieving better balance control and safer walking due to 

their transferability to everyday life situations. There is, however, a need for highly 

challenging and intensive balance training interventions that incorporate the ability to 

share attention between motor functions, balance control, and cognitive processing. 

Preparatory studies are needed to develop a highly challenging balance training pro-

gramme which targets the balance and walking problems present in people with MS. 

Measurement methods for walking and balance should have satisfactory psychometric 

properties. Furthermore, knowledge of cognitive–motor interference in people with MS 

during walking and standing (motor–cognitive dual-tasking) are needed, as is a deeper 

understanding of how living with impaired balance control is experienced among people 

with MS. The knowledge derived will be useful when developing a MS-specific balance 

training intervention that emphasises highly challenging aspects of balance control 

while incorporating dual-task management and integrating knowledge from basic 

science, training principles, and clinical practice. Thereafter, the developed intervention 

should first be tested for feasibility before being tested in a randomised controlled trail 

(the latter is not included in the thesis). 

 

3.1 HYPOTHESIS 

The main hypothesis of this thesis is that increased balance control and walking ability, 

following training in a highly challenging balance training intervention, will lead to 

reduced risk of falling, increased level of physical activity in everyday life, and improved 

health-related quality of life in people with MS. The intervention developed and adapted 

within this thesis will help people with MS keep and improve not only their balance 

control but also their trust in themselves and their own ability in everyday activities and 

participation in valued life situations. The individual burden will be reduced, as will the 

burden on the health care system and society.  
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4 AIM 

The overall aim of this thesis was to explore mechanisms, explore and describe experi-

ences of balance control in people with MS, and furthermore to design and evaluate the 

feasibility of a highly challenging balance training intervention specific to MS. 

 

4.1 SPECIFIC AIMS 

Paper I 

To investigate test–retest reliability of the mini-BESTest total and section scores and 

individual items in people with mild to moderate overall MS disability. 

 

Paper II 

First, to explore the effects on motor and cognitive dual-tasking in people with mild to 

moderate MS, in comparison to healthy controls, and secondly to explore the change in 

dual-task performance on the cognitive task during the motor tasks standing with eyes 

closed and walking in people with mild to moderate MS and healthy controls. 

 

Paper III 

To explore and describe people with MS’ experiences of living with impaired balance 

control, how it affects activity and can be managed in everyday life. 

 

Paper IV 

To evaluate the feasibility of a highly challenging balance intervention for people with 

MS. 
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5 METHODS 

 

5.1 STUDY DESIGN  

Study designs used in the present thesis include a reliability study with a test–retest design 

(Paper I), a case-control study with a cross-sectional design (Paper II), an interview study 

with a qualitative design (Paper III), and a feasibility study with a single-group trial design 

(Paper IV). Throughout the methods section, the papers will be explained separately or in 

combination, depending on the data collection methods used in the different papers. A 

synthesised flow chart of the papers included in the thesis is shown in Figure 5. The papers 

are arranged chronologically based on data collection order. The method for the develop-

ment and adaptation of the balance training intervention studied in Paper IV was a co-

design workshop series with different stakeholders, which is shown in Figure 1 as 

intervention development. An overview of design and methods for data analysis in the 

papers is presented in Table 1. 

 

  

Figure 5. Synthesised flow chart of the three data collections and the four papers 

included in the thesis. The papers are arranged chronologically based on the order in 

which data was collected. The dashed lines illustrate how the studies based on the first 

two periods of data collection were linked to the feasibility study based on the third data 

collection via the development process of the balance training intervention.
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5.2 PARTICIPANTS 

5.2.1 Recruitment and eligibility criteria  

5.2.1.1 People with MS in all papers 
In Papers I, II and III, eligible participants with MS were recruited from MS specialist 

centres and clinical rehabilitation units in Stockholm, Sweden. Study information for 

recruitment was available at the different sites, and people with MS interested in 

participation could make contact themselves or agree to be contacted by those 

responsible for the study. The participants included in Paper III were purposefully 

selected from the study sample originally recruited for Papers I and II. In Paper IV, 

participants were recruited from MS specialist centres and clinical rehabilitation units 

in Stockholm and via advertisement through the patient organisation NEURO Sweden. 

In all four papers, the overall criteria for inclusion were people with MS diagnosed 

according to McDonald criteria15-16, with an overall MS disability score of 2.0 to 5.5, 

according to the EDSS25, between 18 and 65 years of age, and who were able to walk 100 

metres without aid. The criteria for exclusion included cognitive impairment, as 

indicated by a score <21 in the Montreal Cognitive Assessment (MoCA)108,150, the 

presence of other conditions that would substantially influence balance (i.e., conditions 

not linked to MS originating from pain, orthopaedics, and dizziness/vertigo (benign 

paroxysmal positional vertigo), etc.; an MS relapse or change of disease-modifying 

treatment within the past eight weeks; alcoholism; or pregnancy). In Paper III the 

purposeful selection was based on relevance sampling151 aimed at obtaining answers to 

the study's research question. Participants were selected through optimised variation in 

overall MS disability, sex, age, and level of balance based on the mini-BESTest score97,151 

from data collection number 1.  

5.2.1.2 Healthy controls in Paper II 
In Paper II, healthy controls were recruited via advertisement in the local press. The 

criterion for inclusion of healthy controls was self-reported good health specifically 

related to aspects of balance and walking performance. There were no exclusion criteria. 

Healthy controls were purposefully recruited to match MS groups in sex and age. 

5.2.1.3 Participants in co-design workshop series 
In Paper IV, stakeholders were invited to participate in the co-design workshop series. 

Eligible participants with MS were people with MS aged 18 to 65 years, who had limited 

balance but retained walking capacity indoors without walking aids. They were recruited 

via MS specialist centres and clinical rehabilitation units in Stockholm, Sweden. Also, 

representatives from the patient organisation NEURO Sweden were invited, as were 

physiotherapists specialising in MS rehabilitation from the Stockholm region and from 

neighbouring regions, which were recruited via invitations directed at specific clinics 

and rehabilitation units. 
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5.3 DATA COLLECTION 

Data collection for the studies included in this thesis started in March 2019 and was 

completed in December 2021. The setting for data collection depended on the methods 

and designs in the different studies, which are presented in Table 1. An overview of the 

outcomes collected and reported in the papers included is shown in Table 2.  

 

 Table 2. Overview of outcomes collected and reported in Papers I–IV. Additional out-

comes on feasibility aspects reported in Paper IV are presented in Table 3. 

aAPDM: APDM’s Mobility Lab™ a body-worn sensor technology for assessment of balance and gait.  

 

 

Domain 
 

Outcome 
 

Instrument 
 Paper 

   I II III IV 

Contextual 
factors 

 Sex  Interview  X X X X 

 Age  Interview  X X X X 

 Education  Interview  X X  X 

 History of falls  Interview  X X X X 

 Walking aids  Interview  X X X X 

 Overall MS-disability  Expanded Disability Status Scale  X X X X 

 Disease course  Interview  X X X X 

 Years since diagnosis  Interview  X X X X 

 Acceptance  
Acceptance of Chronic Health 
Condition Scale 

    X 

Body function 
and structure 

 Body mass  Body Mass Index  X X  X 

 Cognitive screening  Montreal Cognitive Assessment  X X  X 

 Executive function – Cognitive 
flexibility 

 Auditory Stroop   X   

  Trail Making Test B     X 

 Episodic memory  Ray Auditory Verbal Learning Test      X 

 Cognitive processing speed   Symbol Digit Modalities Test       X 

 Fatigue  Modified Fatigue Impact Scale     X 

 Depression and anxiety  
Hospital Anxiety and Depression 
Scale  

    X 

 Immunological markers in blood  Blood samples     X 

Activity and 
participation 

 

Balance control 

 Mini-BESTest  X X X X 

  APDMa (sway-test)   X  X 

  Falls Efficacy Scale International     X 

 

Walking 

 10-metre walk test     X 

  2-minute walk test   X  X 

  
APDMa Gait analysis - spatial and 
temporal gait parameters 

  X  X 

  Six Spot Step Test     X 

  Multiple Sclerosis Walking Scale     X 

 Dual-tasking  Dual-task effect     X 

 Mobility  Timed Up and Go     X 

 Social and lifestyle activities  Frenchay Activities Index     X 

Quality of life 

 Impact of MS  Multiple Sclerosis Impact Scale-29     X 

 
General health state/self-rated 
health 

 
EuroQol 5D, Index and Visual 
Analog Scale 

    X 

 Life satisfaction  Life Satisfaction Scale     X 
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5.3.1 Papers I and II 

Data collection for Papers I and II followed a combined protocol and was carried out 

during data collection No. 1. In Paper I, a test–retest design was used for a reliability 

evaluation of the Swedish version152 of the mini-BESTest97. Both test occasions were 

conducted by the same assessor (Andreas Wallin, (A.W.)), at the same location, and 

occurred one week apart, on average. At the first test occasion, eligibility was confirmed, 

based on the inclusion and exclusion criteria, and demographic data was collected. 

Based on the assessment of overall MS disability25, people with MS were categorised into 

groups of people with mild (EDSS score between 2.0 and 3.5) and moderate (EDSS score 

between 4.0 and 5.5) overall MS disability, hereafter referred to as the “mild MS” and the 

“moderate MS” groups. At the first test occasion, the first assessment of the mini-

BESTest was conducted. At the second test occasion, the retest assessment with the 

mini-BESTest was conducted, and the data on cognitive–motor interference during 

dual-task conditions for Paper II was collected. Data on performance during single-task 

and dual-task conditions was collected for two motor tasks—standing with eyes closed 

and walking—and one cognitive task: the auditory Stroop116. The healthy controls in 

Paper II were assessed for cognitive–motor interference on one testing occasion.  

The two test occasions for Papers I and II lasted 90 to 120 minutes each for participants 

with MS. The test occasion for the healthy controls in Paper II lasted 60 to 75 minutes. 

Data collection for Paper I was carried out from March 2019 to March 2020, and data 

collection for Paper II was carried out from March 2019 to September 2020.  

5.3.2 Paper III 

Qualitative data was collected two months or longer after the quantitative assessments 

conducted for Papers I and II (data collection No. 1) through semi-structured interviews 

performed by a research physiotherapist (Sverker Johansson, S.J.), who had not been 

involved in data collection for Papers I and II. The demographic data collected for Papers 

I and II were used also for Paper III. 

An interview guide, developed by A.W. and S.J., with predefined focus areas and open-

ended questions was used. The focus areas in the interview guide were as follows: 

balance (meaning and definition); how balance affects everyday activities; balance and 

dual-tasking; and the importance of balance when living with MS. The first two inter-

views were thoroughly discussed between A.W. and S.J., which resulted in minor guide 

adjustments for the following interviews. The interviews lasted between 29 and 90 

minutes. Interviews were recorded using a digital Dictaphone (Olympus VN-741PC) and 

transcribed verbatim. Data was collected from August 2019 to June 2020. 

5.3.3 Paper IV 

Paper IV was a feasibility study, where feasibility aspects of the balance training inter-

vention were evaluated. A balance training intervention that was originally developed 
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for people with Parkinson’s Disease137-138,153, was in this thesis developed and adapted to 

people with MS. A feasibility study was conducted for assessment of feasibility aspects 

(Table 3)143, in accordance with the Medical Research Council guidance140.  

The feasibility study examined uncertainties identified during the intervention adapta-

tion140. The aim of the feasibility study was to explore whether the intervention could be 

conducted in the new patient group, and if so, how it should proceed to an efficacy eval-

uation143.  

The feasibility study was conducted according to the timeline in Figure 6, with a four-

week recruitment period including baseline assessments, a ten-week intervention 

period, and a two-week follow-up assessment period. Data at baseline was collected 

during a two-week period before the intervention began. Data was then collected three 

times during the intervention (after each intervention block: A, B, C), and at follow-up 

during a two-week period after intervention completion). The study period lasted from 

August 2021 to December 2021. Eligibility was confirmed at baseline based on inclusion 

and exclusion criteria, and demographic data was collected. 

 

 

Figure 6. Timeline of the feasibility study of the balance training intervention. 

 

The identified uncertainties were grouped into feasibility aspects and presented 

together with the data collection schedule for Paper IV in Table 3. Data regarding 

feasibility aspects of study procedures was collected, and assessments of potential 

primary and secondary outcome measures were conducted. During the intervention, 

primarily by the end of each intervention block, data regarding retention rates, study 

procedures, and intervention delivery were collected. At follow-up, data regarding 

retention rate and study procedures were collected and assessments with potential 

primary and secondary outcome measures were conducted. 
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Table 3. Data collection schedule on feasibility aspects and related uncertainties. 

aPC1 to PC6: progression criteria no. 1 to no. 6, see Table 4; bFor the specific outcome measures used in Paper IV, see 
Table 2. 

 

Data collection at baseline and follow-up was conducted by A.W., and data collection at 

post block assessments during the intervention was conducted through structured 

interviews by S.J. The baseline and follow-up assessments lasted 90 to 120 minutes each, 

and the post block assessments lasted 20 to 30 minutes each. 

In order to evaluate whether the intervention could proceed to an effectiveness 

evaluation, a number of progression criteria were defined based on specific key 

uncertainties148-149. The progression criteria for feasibility assessment of Paper IV are 

presented in Table 4.  

  

Feasibility aspect 

Assessments 

Baseline 
Post Block 

Follow-up 
A B C 

Recruitment process and rates on inclusion and retention      

      Eligibility screening process (PC1)a and inclusion rate (PC2)a X     

      Retention rate (PC3)a  X X X X 

Study procedures      

      Information and communication accuracy    X  

      Inclusion and exclusion assessment X     

      Assessment on demography and clinical characteristics X     

      Acceptability of time required for assessment procedures X    X 

      Blood-sampling procedures    X  

      Attitude towards long-term follow-up assessments    X  

Intervention delivery      

      Training session time of day and weekly frequency    X  

      Duration of training session    X  

      Individual adjustment of:       

           exercises related to intervention progression  X X X  

           level of challenge across the progression blocks  X X X  

           exercises related to disability level and variation in daily capacity  X X X  

      Monitoring of level of challenge  X X X  

      Group training despite divergence in level of overall MS disability    X  

      Individual balance exercises     X  

      Safety in training    X  

      Home exercise programme as substitute for group training session    X  

      Individual effort required for participation    X  

      Motivation in training    X  

      Attendance at training sessions (PC4)a    X  

      Perceived intervention effect on balance control    X  

      Willingness to recommend the training (PC5)a    X  

Potential outcome measuresb      

      Primary (PC6)a and secondary outcome measures X    X 
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Table 4. Progression criteria for feasibility assessment in Paper IV. 

 

 

5.4 OUTCOMES 

5.4.1 Contextual factors 

In all papers included in this thesis, outcomes on contextual factors—such as sex, age, 

education, history of falls, use of walking aids, disease course, and years since 

diagnosis—were collected using a standardised questionnaire administered as an inter-

view.  

5.4.1.1 Overall MS disability 
Overall MS disability was, in all papers, assessed via the EDSS25, and used as an inclusion 

criterion. The EDSS assessment was conducted by A.W., who was trained by 

neurologists in administering this assessment. See section 2.1.4 for a detailed description 

of the EDSS. 

Progression criteria (PC) Measures used Assessment of whether criteria have been met 

PC1. Screening process for 
assessment of eligibility. 

Percentages of interested 
people with MS who were 
considered eligible after the 
screening process. 

If > 75% of interested people with MS considered 
eligible = proceed. If 50% to 75% = consider revising 
recruitment information. If < 50% = recruitment 
information not feasible.  
 

PC2. Feasibility to include 
participants to the trial. 

Percentages included of those 
eligible people with MS who 
underwent inclusion 
assessments.  

If > 80% of eligible people with MS that underwent 
inclusion assessment were included = proceed. If 60% 
to 80% = consider revising the inclusion procedures. If 
< 60% = inclusion process is not feasible.  

PC3. Feasibility to include 
enough participants to the 
trial, with appropriate 
retention to follow-up. 
 

Percentages of included 
participants retained at 
follow-up. 

If > 80% retained at follow-up = proceed. If 60% to 
80% = consider feasibility to proceed with a full-scale 
trial. If < 60% = a full-scale trial is unlikely to be 
feasible. 
 

PC4. Compliance with 
intervention.  

Median percentages of 
attendance at training 
sessions among the included 
participants during the 
intervention period. 
 

If > 80% compliance rate in the intervention among 
the included participants = proceed. If 60% to 80% = 
consider if changes in the intervention set-up are 
needed for a full-scale trial. If < 60% = intervention set-
up is unlikely to be feasible for a full-scale trial.  
 

PC5. Feasibility in motivation 
to participate and willingness 
to recommend the training to 
others. 
 

Percentages of participants 
reporting willingness to 
recommend the training to 
others. 

If > 80% of the included participants would 
recommend the training to others = proceed. If 60% to 
80% = consider feasibility to proceed with a full-scale 
trial. If < 60% = a full-scale trial is unlikely to be 
feasible. 
 

PC6. Suitability of the mini-
BESTest as the primary 
outcome for the targeted 
patient group. 

Percentages of the included 
participants that achieve the 
highest and lowest score in 
the mini-BESTest. 

If < 15% floor and ceiling effects in the mini-BESTest = 
proceed. If floor and ceiling effects are 15% to 20% 
considerations if the test will be feasible as primary 
outcome. If floor and ceiling effects are > 20% = the 
mini-BESTest is not suitable for the targeted group. 
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5.4.1.2 Acceptance of condition  
The Acceptance of Chronic Health Conditions Scale154 was used in Paper IV to measure 

acceptance of MS. The scale, originally developed for people with MS and people with 

polio154, has been translated and adapted to the Swedish context155. It has shown good 

test–retest reliability in people with MS156. It is a self-assessment scale consisting of 10 

items scored from 1 to 5. The scores are summed to a total sum score ranging from 10 to 

50. Higher scores indicate higher level of acceptance154. 

5.4.2 Body function and structure 

5.4.2.1 Body mass 
Weight (kg) and height (m) were measured and used in Papers I, II, and IV, for calcula-

tion of body mass index (BMI): mass/height2 (kg/m2). 

5.4.2.2 Cognitive function 
Screening of cognitive function was performed in all papers using the MoCA108. The 

result was used as an exclusion criterion (MoCA score <21). MoCA is recommended as a 

useful and sensitive brief screening tool to identify cognitive impairment in people with 

MS109.  

The auditory Stroop test116 was used as the cognitive task in Paper II for assessment of 

cognitive–motor interference during dual-tasking in Paper II. The test challenges 

cognitive flexibility in selective executive functions (e.g., response inhibition), and has 

been suggested for assessment of cognitive–motor interference in people with MS72. 

Auditory Stroop consists of two stimulus words “high” and “low”, verbally presented 

either congruent or incongruent with a high or low pitch level through wireless 

headphones (RazerTM ManO’War) using Audacity software (version 3.0.2). The subject 

was instructed to verbally respond to the stimulus pitch with the words “high” or “low”, 

irrespective of the actual word presented, as quickly and accurately as possible. 

Congruent and the incongruent stimuli were randomised and equally represented. An 

interstimulus interval of 1.5 to 2.0 seconds was randomly delivered to avoid the stimuli 

becoming a metronome for walking. The auditory Stroop accuracy and response time of 

incongruent stimuli were used as measures for the test. Response time was measured 

from the beginning of a stimulus to the beginning of the corresponding response. During 

assessment of the dual-task conditions the subject was instructed to pay equal attention 

to both the motor and the cognitive task and to perform both tasks to the best of their 

ability.  

The Trail Making Test part B was used in Paper IV to assess the executive function cog-

nitive flexibility by set-shifting157. It has been suggested for use as a screening tool for 

cognitive impairment among people with MS158. In the Trail Making Test part B, the 

subject draw lines connecting a total of 25 encircled numbers and letters distributed on 

a sheet of paper. The subject must alternate between numbers and letters (e.g., 1, A, 2, 
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B, 3, C, etc.). The time (seconds) to connect all numbers and letters correctly, and the 

number of mistakes/errors are registered. 

The Ray Auditory Verbal Learning Test was used to assess verbal episodic memory in 

Paper IV159. The test is suggested for screening of verbal learning impairments in people 

with MS160. In this test, a list of 15 words is repeatedly read five times for the subject. 

Immediately each time the subject is asked to recall as many words from the list as 

possible (immediate recall). The subject is asked again, after 30 minutes have passed, to 

recall as many words from the list as possible (delayed recall). 

The Symbol Digit Modalities Test was used to assess cognitive processing speed in Paper 

IV111,161. The test is suggested for use in identifying cognitive decline in people with MS162. 

In this test, the subject is asked to pair specific numbers with given geometric figures. 

The number of correctly paired numbers and figures within 90 seconds is registered.  

5.4.2.3 Fatigue 
The Modified Fatigue Impact Scale163-164 was used for measurement of the impact of 

fatigue in Paper IV. This scale is a shortened version of the Fatigue Impact Scale163, which 

is a reliable and valid for use in people with MS164. The Modified Fatigue Impact Scale is 

a self-assessment scale consisting of 21 items which measures the impact of fatigue on 

physical, cognitive, and psychosocial functioning. The items are scored from 0 to 4, and 

the scores are summed. Higher scores indicate a larger impact of fatigue on cognitive, 

physical, and psychosocial functioning.  

5.4.2.4 Depression and anxiety 
The Hospital Anxiety and Depression Scale165-166 was used to measure symptoms of 

depression and anxiety in Paper IV. It is a self-assessment scale consisting of seven items 

probing anxiety and seven items probing depression. The items are scored from 0 to 3. 

The scores are summed separately on the anxiety and depression subscales. Higher sub-

scale scores indicate more severe anxiety and/or depression. 

5.4.2.5 Immunological markers in blood 
Feasibility in the blood sampling procedure was assessed in Paper IV. Blood samples 

were collected in standard EDTA tubes for the level assessment of, for example, 

inflammatory markers in plasma. Blood samples were centrifuged (1500G; 15 minutes) 

immediately after collection; plasma was then separated, aliquoted, and stored at −80°C 

until further analysis. 
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5.4.3 Activity and participation 

5.4.3.1 Balance control 
In all papers, the mini-Balance Evaluation Systems Test (the mini-BESTest)97, was used 

to measure balance control. The mini-BESTest has been found to be valid and reliable 

for measurement of balance control in people with MS118. The mini-BESTest is a clinical 

test where the underlying physiological systems of balance control (anticipatory 

postural adjustments, reactive postural control, sensory integration, and dynamic gait) 

are assessed. Scores range from 0 to 28 points with higher scores indicating better 

balance control97. 

Postural sway was assessed during standing in Papers II and IV, using APDM’s Mobility 

Lab™100. The subject was equipped with six wireless inertial measurement unit sensors 

(Opal sensors, APDM, Portland, OR, USA). Sensors were attached on the trunk, lumbar, 

wrists, and feet, according to APDM’s Mobility Lab system manual167. The APDM’s 

Mobility Lab has good to excellent test–retest reliability for measurement in people with 

MS168-169. 

The Falls Efficacy Scale International170-171, is a self-assessment scale that was used to 

assess an individual’s concerns about falling in Paper IV. The scale is valid and reliable 

for assessment of fear of falling in people with MS170 and consists of 16 items, where 

concerns about falling in everyday life situations are rated on a scale from 1 to 4. Higher 

scores indicate greater concern. 

5.4.3.2 Walking 
The 10-Metre Walk Test with dynamic start172 was used to measure walking in Paper IV. 

The test is valid for measuring walking in people with MS and has high correlation with 

walking measurements performed over longer distances173. The time it takes to walk 10 

metres was measured at both self-selected and maximum walking speeds. The mean 

value of two attempts at each walking speed were used for further calculations.  

The 2-Minute Walk Test174 was used to measure walking in self-selected walking speed 

in Paper IV. The test has strong psychometric properties and is recommended for use in 

people with MS172,174 The test was conducted in a straight 25-metre indoor walkway with 

180-degree turns at each end. The subject was instructed to walk for two minutes at a 

self-selected comfortable pace. The distance covered during 2 minutes walking back and 

forth was registered. The test was performed once. 

Spatial and temporal gait parameters were assessed during walking in Papers II and IV, 

using APDM’s Mobility Lab™100. The subject was equipped with the Opal sensors, as de-

scribed above167. The gait parameters (walking measures) used included speed 

(metre/second), stride length (metre), and step time (second). APDM’s Mobility Lab™ 

has good to excellent test–retest reliability for measurement in people with MS168-169. 
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The Six Spot Step Test175-176 was used to measure complex walking in Paper IV, and the 

test has acceptable reliability for use in people with MS175. The test is conducted in five* 

one-metre test field (Figure 7), which the subject is instructed to walk across in a criss-

cross pattern while kicking/shoving wooden blocks from the marked circles in the field. 

The mean time (seconds) of four trials is used for further calculations.  

 

 

Figure 7. The test field for performing the Six Spot Step Test. The subject starts the criss-

cross walk from standing in circle “A”, and kicks the wooden blocks placed in circles “B” 

to “F”. 

 

The 12-item Multiple Sclerosis Walking Scale103 is a self-assessment scale that was used 

to assess an individual’s perceived impact of MS on walking ability in Paper VI. The scale 

consists of twelve items where perceived limitation in walking ability during the last two 

weeks is rated on a scale from 1 to 5. Items are summed to generate a total score and 

transformed to a scale with a range of 0 to 100 (sum score percentage of the maximum 

score). High scores indicated greater impact on walking. 

5.4.3.3 Dual-tasking 
Dual-tasking was, in Paper II, assessed through evaluation of cognitive–motor 

interference in two motor tasks and one cognitive task. Dual-task effect was used as an 

outcome on cognitive–motor interference on motor and cognitive tasks. The dual-task 

effect was calculated as described by Kelly et al.177. For outcomes where a higher value 

indicated improvement/better performance, the following equation was used. 

 

𝐷𝑢𝑎𝑙 𝑡𝑎𝑠𝑘 𝑒𝑓𝑓𝑒𝑐𝑡 (%) =
(𝐷𝑢𝑎𝑙 𝑡𝑎𝑠𝑘 − 𝑆𝑖𝑛𝑔𝑙𝑒 𝑡𝑎𝑠𝑘)

𝑆𝑖𝑛𝑔𝑙𝑒 𝑡𝑎𝑠𝑘
∗ 100 
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For values where a lower value indicated improvement/better performance, a negative 

sign was inserted into the equation, resulting in the presence of dual-task cost or benefit 

being indicated by either a negative or a positive dual-task effect value, respectively. 

 

 

𝐷𝑢𝑎𝑙 𝑡𝑎𝑠𝑘 𝑒𝑓𝑓𝑒𝑐𝑡 (%) =
− (𝐷𝑢𝑎𝑙 𝑡𝑎𝑠𝑘 − 𝑆𝑖𝑛𝑔𝑙𝑒 𝑡𝑎𝑠𝑘)

𝑆𝑖𝑛𝑔𝑙𝑒 𝑡𝑎𝑠𝑘
∗ 100 

 

5.4.3.4 Mobility 
Timed up and go test was used to measure basic mobility178-179, which was measured via 

the mini-BESTest97 in Paper IV. Within the mini-BESTest, the Timed up and go test is 

assessed with and without a simultaneous cognitive task. The test has been found valid 

for the assessment of functional mobility in people with MS179. In Timed up and go, time 

is measured while the subject rises from an armchair, walks 3 metres, turns, walks back, 

and sits down again. First a practice trial was performed, and the second trial was regis-

tered. 

5.4.3.5 Social and lifestyle activities 
The Frenchay Activities Index180 was used to assess the frequency of social and lifestyle 

activities in Paper VI. The index, originally developed for people with stroke180, is reliable 

and valid for use in adults and people with MS181-182. It is a self-assessment scale that 

contains 15 items covering social and lifestyle activities of various complexity, such as 

preparing meals, walking outside, and leisure activities. The items are scored between 0 

and 3, depending on how often the activities have been performed the last 3 or 6 months. 

The scores are summed, and higher total scores indicate higher frequency of social and 

lifestyle activities. 

5.4.4 Quality of life 

The Multiple Sclerosis Impact Scale-29183 was used to measure the physical and psycho-

logical impact of MS in Paper IV. This self-assessment scale consists of 29 items. Items 

are rated from 1 to 5. The physical (n = 20) and psychological (n = 9) item scores are 

summed separately and converted to a 0 to 100 number. A higher score indicates 

perceived worse physical or psychological impacts of MS, respectively, on health. The 

scale has satisfactory psychometric properties183. 

The EuroQol 5D184 was used to measure health status in Paper IV. The EuroQol 5D is a 

self-assessment scale consisting of a 5-item index (assessing self-care, mobility, usual 

activities, pain/discomfort, anxiety/depression), on a rating scale ranging from 1 to 5. 

The EuroQoL-Visual Analogue Scale consists of a 20-centimetre vertical line on which 

respondents mark their perceived overall health state ‘today’ which ranges from 0 (worst 

imaginable) to 100 (best imaginable). 
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The Life Satisfaction checklist185 was used for assessment of life satisfaction in Paper IV. 

It is a self-assessment scale consisting of 11 items that capture different domains in life: 

i.e., vocation, partner relationship, and life as a whole. The items are rated on a scale 

ranging from 1 to 6. The item scores can be summed to a total score and higher scores 

correspond to greater satisfaction.  

 

5.5 INTERVENTION DEVELOPMENT 

The intervention evaluated in the feasibility study reported in Paper IV was based on a 

highly challenging balance intervention delivered as a group training (the HiBalance 

programme) in people with Parkinson´s disease, described elsewhere138. The interven-

tion was adapted to people with MS through a co-design approach in a series of work-

shops (Figure 4). 

The co-design process consisted of a workshop series with the participation of different 

stakeholders, six people with MS, one representative from NEURO Sweden, and six 

physiotherapists specialising in MS rehabilitation. Participants were grouped to stimu-

late and support cooperation and discussion between participants. 

Participation in the workshops either face-to-face or via video-link was optional. Four 

workshop sessions were conducted (Figure 4), each lasting approximately three hours. 

The first two sessions (part 1) covered the theme balance challenges; and the final two 

sessions (part 2) covered the theme balance intervention delivery. Each participant 

participated once in each part (see Figure 4). The information from the workshop series 

was processed by summation, condensation, and discussions between A.W. and S.J. The 

results showed that among the participants, impaired motor–sensory function, stimuli-

rich environments, cognitive processing, and awareness of capacity were factors that 

presented challenges in maintaining balance (part 1). In terms of the balance interven-

tion delivery, participants reported control of variability in daily capacity and level of 

challenge in the intervention as vital factors for the adequate individual adaptation of 

the exercises (part 2). In the co-design workshop series, an adaptation framework was 

generated for transformation of the HiBalance PD intervention to a HiBalance MS 

version of the intervention. The stakeholders participated in the workshop series, but 

not in the subsequent adaptational process186.  

The research team processed the results from the workshop series and finalised the 

adaptation of the intervention. Findings from quantitative and qualitative data 

collection (No. 1 and No. 2) were included in the subsequent adaptational process, 

during which the exercise content was developed and concretised for a forthcoming 

balance training feasibility trial.  
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5.6 INTERVENTION 

The developed and adapted intervention delivered and evaluated in Paper IV was an 

individually adjusted progressive group training aimed to challenge the subsystems of 

balance control, specifically stability limits, motor agility, anticipatory postural adjust-

ments, and sensory integration. The level of difficulty and complexity in the balance 

exercises were increased in three consecutive blocks—A, B, and C (see Figure 1). Block 

A included basic single-task exercises based on the four subsystems of balance control. 

For progression in block B, a cognitive or motor dual-task was added separately to the 

basic exercises. In block C, exercises and dual-tasks were combined for enhanced com-

plexity. Exercises were individually adjusted in all blocks; for example, by altering and 

changing base of support, walking speed, vision and/or adding dual-tasks. 

The intervention period was ten weeks long and participants volunteered to participate 

in two or three weekly (optional) one-hour training sessions, with six to eight partici-

pants at each session, guided by two trainers. At the start of each training session, 

participants rated their current daily capacity on a rating scale from 1 to 10, where 1 

represented the worst imaginable capacity and 10 represented the best imaginable 

capacity. The session continued with a warm-up (≈10 minutes), balance exercises 

performed individually (≈25 minutes), and a group exercise with an obstacle course (≈20 

minutes). At the end of each session each participant rated the level of challenge of the 

training session on a rating scale designed specifically for the intervention by A.W., S.J., 

and co-supervisor Erika Franzén, in collaboration with researchers specialised in the 

field at VIA University College, Faculty of Health Science, Aarhus, Denmark, (≈5 

minutes). The scale ranged from 1 to 6, where a higher score indicated increased levels 

of challenge/intensity in the balance exercises. The rating scale for assessment of level 

of challenge in the balance training is presented in Table 5.  

 

Table 5. Rating scale for assessment of level of challenge in the balance training.  

The level of challenge in the balance training is… 

Score Level Interpretation 

6 Too high Never succeeds – Maximal effort is not enough to succeed 

5 High  Almost never succeeds – Maximal effort is needed to succeed 

4 Somewhat high  Both succeeds and fails – A lot of effort is needed to succeed 

3 Fairly low Both succeeds and fails – Some effort is needed to succeed 

2 Low  Almost always succeeds – A little effort is needed to succeed 

1 Too low  Always succeeds – No effort is needed to succeed 
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5.7 DATA ANALYSIS 

All statistical analyses in the papers included in this thesis were performed using IBM® 

SPSS® Statistics for Windows, Versions 26.0 and 28.0 (IBM Corp, Armonk, NY, USA), 

with the exception of the power calculation in Paper IV, which was performed using 

Stata version 15 (StataCorp, College Station, TX, USA). Overall, in all papers, normally 

distributed data were presented by mean values and standard deviations, and non-

normally distributed data and data in Paper IV (small sample) were presented by median 

values and ranges (interquartile or minimum and maximum range). Normality was 

assessed with the Shapiro–Wilk test, and by visual inspection of figures. A 95% 

confidence interval (95% CI) was used, and significance level was set at <.05. The 

statistical methods used in Papers I to IV are summarised in Table 6. 

 

Table 6. Overview of statistical methods used in Papers I–IV. 
 

a2-way random effects model using an absolute agreement. HSD= honestly significant difference. 

 

Statistical methods 
 Paper 

 I II III IV 

Descriptive 

Counts  X X X X 

Range  X X X X 

Minimum  X X X X 

Maximum  X X X X 

Frequency  X   X 

Percentage  X X  X 

Median  X X  X 

Interquartile range  X X   

Mean  X X   

Standard deviation  X X   

Confidence Interval  X X   

Analytical 

Intra class correlation coefficienta  X    

Quadratic weighted Cohen’s kappa  X    

Cohen’s kappa   X    

Standard error of measurement  X    

Percentage agreement  X    

Minimal detectable change  X    

Bland–Altman plot  X    

Paired sample t-test  X    

Shapiro-Wilk test   X   

Independent t-test   X   

Chi-square test   X   

One-way repeated measures Analysis of variance   X   

Two-way Analysis of variance   X   

Tukey’s HSD   X   

Bonferroni correction   X   

Wilcoxon signed rank test   X   

Independent samples sign test   X   

Median difference     X 

Sample size calculation      X 
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5.7.1 Paper I 

Test–retest reliability of the mini-BESTest total scores was assessed via analysis of the 

intraclass correlation coefficient (ICC) with a two-way random effects model using an 

absolute agreement definition: ICCagreement = σ2
p / σ2

p + σ2
o + σ2

residual. In this model σ2
p is 

the variance due to systematic difference between ‘true’ scores of patients; σ2
o is the var-

iance due to systematic difference between occasions; and σ2
residual is the residual vari-

ance187. The model is also referred to as 2.1188. Reliability of the mini-BESTest section 

scores was analysed by use of quadratic weighted Cohen’s kappa, and Cohen’s kappa was 

used for reliability analysis of individual items187. Paired sample t-tests were used to 

calculate mean difference (𝑑) and the standard deviation of 𝑑 (SDdiff) of the total scores 

between test (T1) and retest (T2) occasions, in the total sample and the mild MS and the 

moderate MS groups.  

The standard error of measurement (SEM) was used as a parameter of measurement 

error for mini-BESTest total scores and was calculated according to SEMagreement = √ (σ2
o 

+ σ2
residual). The limits of agreement (the estimated interval of differences between meas-

urements) were calculated according to 𝑑 ± 1.96 × SDdiff. As a parameter for measurement 

error for individual items, percentage agreement was used187.  

The minimal detectable change (MDC) was defined as 1.96 × √2 × SEM and was calcu-

lated to obtain a measure of the change in the total score that could be considered to be 

a true change beyond measurement error187 for the total sample of people with MS and 

the subgroups of people with mild and moderate overall MS disability. 

For interpretation, reliability was considered good to excellent if ICCagreement was above 

.75189. Strength of agreement was considered poor if weighted kappa and kappa values 

were below .40; fair to good between .40 and .75; and excellent if greater than .75190. To 

further check for and explore systematic differences, heteroscedasticity and outliers, the 

mini-BESTest total score data were visualised in a Bland–Altman plot.  

5.7.2 Paper II 

Summarised data from all assessments of standing and walking were exported from the 

Mobility Lab software to Excel (Excel, Microsoft), where further data processing was 

performed. Mean values of the three trials of standing were calculated for each measure 

(sway area and RMS sway). Likewise, the mean values of left and right legs in walking 

were calculated for each measure (speed, stride length, and step time). The calculated 

values of these measurements were then used in the statistical analysis of the cognitive–

motor interference. The first auditory Stroop stimulus in each trial was excluded from 

the analysis to eliminate any impact or bias of being surprised at the beginning of a trial. 

The recorded responses to the auditory Stroop stimuli were analysed using MATLAB 

version R2017b191. Response time was measured from the beginning of a stimulus to 

beginning of the corresponding response. Mean response time was calculated as the 
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mean of responses to all incongruent stimuli, irrespective of whether they were correct 

or incorrect, in each condition. The mean standard deviation (SD) of response time was 

used as a measure of intraindividual variability. Accuracy was calculated as the 

percentage of correct responses of the total number of stimuli, where missing responses 

were counted as incorrect responses.  

To assess whether there were significant differences between single- and dual-task 

performances within groups, the paired sample t-test was used for normally distributed 

data, and the Wilcoxon signed rank test for non-normally distributed data. To assess 

whether there were significant differences between groups in dual-task performance, an 

analysis of variance was used for normally distributed data and the independent samples 

sign test for non-normally distributed data.  

To control for a possible impact of cognitive function on the results, an exploratory 

analysis was performed after the main analysis was completed, on alternative groups of 

people with MS created based on the presence of mild cognitive impairment (MoCA 

score <26 but ≥21) and normal cognitive function (MoCA score ≥26)108. Normality of the 

data in this analysis was assessed as described above. 

A p-value <.05 was considered statistically significant in all analyses. Significance values 

in between-group analysis were adjusted using the Bonferroni correction for multiple 

tests. IBM® SPSS® Statistics version 28 was used to conduct the statistical analyses. 

5.7.3 Paper III 

The transcribed interviews were analysed using qualitative content analysis151 according 

to the inductive analysis process described by Elo and Kyngäs192. First, two transcripts 

were read though repeatedly by the first and the last author (A.W. and S.J.), and notes 

and headings were written down to describe all aspects of the content. These notes and 

headings in all transcripts were discussed to achieve a consensus on what was significant 

in relation to the objective of the study, and to ensure conformability. The remaining 

transcripts were then read repeatedly, and notes and headings were written down and 

discussed between the first and the last author. Subcategories were generated and 

grouped into generic categories and then abstracted to more latent main categories. 

Content-characteristic words were used to label each main category. The relationship 

between main categories was discussed thoroughly by the first and the last author and 

the results were then discussed with all co-authors until consensus on interpretation of 

the results was reached. The latent overarching theme was abstracted from the main 

categories through discussions between all authors. All 16 transcripts were included in 

the analysis.  

5.7.4 Paper IV 

Uncertainties regarding relevant feasibility aspects were summarised and evaluated 

both qualitatively and quantitatively. Due the small sample size (n=12), median, 
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minimum, and maximum values, frequency, and percentages were used to present quan-

titative data. Changes from baseline to follow-up were reported descriptively as trend 

directions in the outcome response. Change was analysed by calculating change in 

variables (follow-up value minus baseline value) and expressed as median difference. 

Attendance at training sessions was calculated as the number of sessions attended 

divided by the number of sessions participants planned to attend. It was reported as a 

median value, both for the whole sample as well as for the participants that completed 

the follow-up assessment.  

The sample size calculation for a future full-scale trial was performed based on the 

difference between the intervention group and the control group for the mini-BESTest. 

The difference (delta), was expected to be 3.3 points, based on the result from a similar 

study of balance training using the same outcome measure84. A two-sided t-test was used 

with the significance level set at .05, with 80% power, and with an assumption of a 20% 

dropout rate. Calculations were performed in consultation with the Division of 

Biostatistics, Biostatistics Core Facility, Karolinska Institutet. 

 

5.8 ETHICS 

The procedures in all studies in this thesis were conducted in accordance with the ethical 

principles of the Declaration of Helsinki193. All participants received oral and written 

information and gave their signed informed consent before enrolment. Participation in 

the studies was voluntary, and could be withdrawn at any time, without stating a reason, 

and without affecting care. The ethical review board in Stockholm, Sweden, approved 

the studies. The registration number for Papers I to III is 2018/374-31 with amendment 

2019-01562. For Paper IV the registration number is 2018/374-31 with amendments 2019-

01562 and 2020-05952. 
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6 RESULTS 

In this section the findings from the studies included in this thesis are summarised. 

Details regarding the results are presented in Papers I to IV. 

 

6.1 PAPER I  

Test–retest reliability for the total score of the mini-BESTest was considered good to 

excellent in people with MS with ICC (2.1) values >.75 (Table 7). The measurement errors 

were small and ranged between 1.3 to 1.7 in the mild and moderate MS groups, respec-

tively. The limits of agreement for the total MS sample were –3.4 and 4.6, and the 

minimal detectable change was 3.5 in the mild MS group to 4.7 in moderate MS group.  

 

 Table 7. Descriptive results and test–retest reliability of the mini-BESTest total scores. 

T1=test occasion 1, T2=test occasion 2. SD=standard deviation. Min–max=minimum–maximum. 𝑑=mean difference of 

the total sum scores between T2 and T1 with the standard deviation of 𝑑 (SDdiff) shown in parentheses. P=significance 

value of 𝑑 from paired samples t-test. ICC=intraclass correlation coefficient with 95% confidence intervals (95% CI) 

shown in parentheses. SEM=standard error of measurement. MDC=Minimal detectable change. 

 

The section scores of the mini-BESTest the test–retest reliability were fair to good or 

excellent with weighted kappa values >.40 in the total MS sample. Furthermore, regard-

ing the item scores, all items, with exception of item 6 (compensatory step, lateral), 

showed fair to good or excellent test–retest reliability, calculated using the total MS 

sample. The percentage agreement on individual items ranged between 61% and 100% 

for the total MS sample. For detailed results see Paper I. 

 

6.2 PAPER II 

During the standing task in the cognitive–motor interference study, no statistically 

significant within-group differences in the sway measures were found between single-

task and dual-task performance. Except between mild and moderate MS in sway area, 

the dual-task performance during standing differed (statistically) significantly between 

Sample 

 Mini-BESTest total scores  

𝒅 (SDdiff) P ICC (95% CI) 
SEM 

(Score 
points) 

MDC 
(Score 
points) 

 T1  T2  

 Mean (SD) 
Min–max 

 Mean (SD) 
Min–max 

 

Total MS sample (n=54) 
 20.1 (4.2) 

8–26 
 20.7 (4.3) 

9–27 
 

.6 (2.0) .03 .88 (.80–.93) 1.5 4.1 

Mild MS (n=28) 
 22.5 (3.1) 

12–26 
 23.4 (2.9) 

16–27 
 

.8 (1.6) .01 .83 (.62–.92) 1.3 3.5 

Moderate MS (n=26) 
 17.5 (3.7) 

8–22 
 17.9 (3.8) 

9–25 
 

.4 (2.4) .42 .80 (.60–.90) 1.7 4.7 
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all groups in the between-group analyses; i.e., individuals with moderate MS performed 

worse than those with mild MS, who in turn performed worse than healthy controls. 

During walking, all groups had statistically significant slower speed and shorter stride 

length under dual-task condition compared to single-task condition. In moderate MS, 

step time was also statistically significantly prolonged under the dual-task condition 

compared to the single-task condition. Furthermore, individuals with moderate MS 

walked slower (–.19 and –.31 metres/second), had shorter stride length (–.14 and –.23 

metre), and longer step time (.03 and .04 seconds), with statistical significance com-

pared to the other groups. Individuals with moderate MS had a statistically significant 

larger dual-task cost in stride length (difference in dual-task effect (%) =–2.0) compared 

to those with mild MS. 

In the cognitive task, the median auditory Stroop accuracy was 100% in both single-task 

and dual-task conditions of both motor tasks across the three groups. Although the 

median accuracy in the single-task condition was also 100% in moderate MS, the 

variance (interquartile range=5.0) showed that some people had difficulties with the 

task. However, since all values across the groups were less than, or equal to, the median, 

the between group comparisons of auditory Stroop accuracy could not be computed. 

However, only the mild MS group showed a statistically significant negative dual-task 

effect (7.5% increased response time) during walking (single-task=.86 seconds, SD=.17; 

and dual-task=.92 seconds, SD=.17). Furthermore, the moderate MS group had a statis-

tically significant longer response time compared to the other two groups during stand-

ing (.15 and .18 seconds) and during walking (.16 and .24 seconds). In healthy controls, 

the performance of auditory Stroop was not affected by dual-tasking.  

In the analysis of performance of the cognitive task in two different dual-task conditions, 

a statistically significant 7.5% increase in auditory-Stroop response time from dual-task 

standing (.86 seconds, SD=.16) to dual-task walking (.92 seconds, SD=.17) was revealed 

in the mild MS group. Moderate MS and healthy controls did not show significant 

increases in response time from standing to walking. 

 

6.3 PAPER III 

A total of five main categories emerged in the qualitative content analysis in Paper III: 

Balance is an automatic skill that requires attention; Contributors to balance 

impairment; Burdens of balance impairment; Management of balance impairment; and 

Negotiation between capacity and ambition for continuing the good life. Through these 

main categories the overarching theme “Restrained by impaired balance control and 

struggling to keep up” was generated. The content of the main categories is described 

below, and the categories, main categories and overarching theme are shown in Figure 

8. 
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Figure 8. The figure depicts the categories, main categories, and the overarching theme 

generated by the data analysis. 

 

6.3.1.1 Balance is an automatic skill that requires attention 
Unaffected balance control was perceived as a basic, automatic ability enabling the 

individual to move around freely without the risk of falling and without requiring 

concentration. Now, when living with balance impairment, balance issues related to MS 

required increased attention and concentration when performing movement-related 

activities. Activities that were perceived as simple to perform before, were now perceived 

as challenging, and the margin for keeping one’s balance had become lower. The expe-

rience of balance impairment contributed for some to perceptions of a distance between 

self and body; the idea that the body did not automatically move as it was supposed to 

do.  
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6.3.1.2 Contributors to balance impairment 
Participants described that the impairments of various body functions (i.e., sensory, 

motor, and cognitive functions), either solely or in interaction with other functions, 

were major contributors to their balance impairment. Not being accustomed to how the 

body now behaved caused unsteadiness and uncertainty in balance control and made 

moving around unreliable and unpredictable. Further, it was described how, for 

example, impaired somatosensory or motor functions were compensated for by use of 

vision or enhanced concentration/attention in order to retain balance control. Environ-

mental conditions, such as being in a crowd, on unstable or shifting ground conditions, 

and/or reference points, and high temperatures were also described as contributors to 

balance impairment. The lack of automaticity in balance required enhanced attention 

and concentration. However, lack of ability to maintain concentration was also 

described as contributing to balance impairment. Fatigue was another contributor 

perceived as generally affecting balance control; i.e., balance and steadiness in 

movement deteriorated as physical and/or mental energy ran out. Stress—whether it 

originated from within the individual or from their surroundings—also affected balance. 

Beside affecting balance, being stressed contributed to fatigue, which was perceived as 

having a blocking effect on movement.  

6.3.1.3 Burdens of balance impairment 
Deteriorated balance control constantly introduced changes to daily routines experi-

enced as burdens negatively affecting one’s lifestyle. Spontaneity in various activities was 

constrained, limited activity, and restricted participation. Also, the strive to be inde-

pendent by avoiding asking for help in maintaining balance also restricted participation. 

Among those experiencing fatigue impaired balance was described as an additional 

burden hindering performance of various activities. Presence of unpredicted day-to-day 

variation in physical and/or mental capacity also contributed to insecurity and distrust 

when moving around.  

Participants described falling as unforeseen and that it sometimes was a stressful and 

even violent event. Falling was linked to both impaired body functions and to environ-

mental conditions. Increasing one’s confidence in maintaining balance in actual 

environmental conditions, or ‘trust’—to be secure in one’s own capacity—was described 

as necessary. Not feeling secure was seen as contributing to distrust. Experience of wors-

ening balance control led to grief and worry, and it affected self-image and identity. 

6.3.1.4 Management of balance impairment 
To manage and come to terms with current disabilities involved ongoing time-intensive 

psychologically based strategies related to coping, which included stress management 

by planning, prioritising, and doing one thing at a time. Management of impaired 

balance and the risk of falling required attention and awareness. Such situations 

sometimes had to be dealt with alongside other peoples´ attitudes and worries, and it 
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often felt as if one’s balance impairment became a bigger deal than it was and could lead 

to avoidance of activity. However, sometimes reasoning with others was positive. 

Unfamiliarity with current disabilities, their possible progression, and how they could 

influence balance contributed to a feeling of not having control, and that moving around 

now was performed approximately, not specifically. Such insecurities were managed by 

use of strategies including stress management by planning, prioritising, and doing one 

thing at a time. Planning was a necessity that enabled spontaneity in chosen activities. 

Further, compensatory actions aiming at maintaining balance control substituted func-

tions to counteract balance impairments. 

There was an ambiguous feeling to being dependent due to balance impairment but grief 

over the disease’s progression was, by some, considered to be a waste of energy. A 

struggle to accept one’s limitations and being less ambitious to better manage valued 

activities was described. Those experiencing fatigue described how they constantly used 

recovery routines to not overuse body functions. Finally, management of impaired 

balance through communication with others about ones’ difficulties could be a 

beneficial strategy, especially communication around the use of walking aids. 

6.3.1.5 Negotiation between capacity and ambition for continuing the good life 
Being able to perform valuable activities perceived as important to quality of life was 

limited by the impaired balance. However, participants described how they negotiated 

between current capacity and their ambition for continuing the good life. Sometimes 

performing valuable activities was described as ‘worth it’ even if it resulted in fatigue, 

concerns of falling, and associated consequences To be independently in charge of how 

one’s capacity should be used, despite limitations, was described as important. It was 

expressed that one’s mindset was important to maintain one’s quality of life despite one’s 

limitations. 

 

6.4 PAPER IV 

In the feasibility study a total of 19 people with MS were interested in participating in 

the intervention, and of those 15 (79%) were eligible. The first twelve eligible people with 

MS who underwent inclusion assessments were included (100%). Three of those who 

were eligible were not assessed for inclusion, since the sample size was set at 12 

participants. Participant flow from recruitment to follow-up assessment is presented in 

Figure 9.  
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6.4.1.1 Feasibility results regarding the progression criteria  
In the feasibility study of the intervention, four out of six progression criteria (PC) 

were met. 

Progression criteria met: 

- Assessment of eligibility (PC1), where 79% (n=15) of interested people with MS 

were considered eligible after the screening process. 

- Feasibility to include participants (PC2), where 100% (n=12) of eligible people 

with MS who underwent inclusion assessments were included. 

- Willingness to recommend the intervention (PC5), where 100% (n=10) of par-

ticipants reported willingness to recommend the intervention. 

- Suitability of the mini-BESTest as the primary outcome (PC6), where 8% (n=1) 

of the included participants achieved the highest score and 0% (n=0) the lowest 

score in the mini-BESTest. 

 

Progression criteria not met: 

- Retention of participants to follow-up (PC3), where 67% (n=8) of included par-

ticipants were retained at follow-up. 

- Attendance at training sessions (PC4), with a 70% median attendance at train-

ing sessions during the intervention period.  

 

Reasons for dropping out from the study were reported as occurring due to external 

circumstances beyond the control of the study: an accident the day before the inter-

vention began (n=1); the planned transportation to training did not work out (n=1); 

and not having time to complete the training period (n=1). 

6.4.1.2 Feasibility results regarding remaining evaluated aspects 
The study procedures were considered feasible, since information about the study 

corresponded with how the participants experienced it. Furthermore, assessment for 

inclusion and data collection procedures at baseline and follow-up were feasible (sam-

pling of blood included), and participants reported willingness to remain in the study 

for a six-month follow-up.  

Intervention delivery was considered feasible, since the availability of training sessions 

at several time slots and the training session length itself were both feasible. However, 

most participants stated a need to refrain from other activities (e.g., rearrangement of 

work and family activities) in order to be able to prioritise the intervention, since their 

regular schedule was full. Furthermore, the variation in overall MS disability between 

participants was perceived as a source of inspiration rather than a disadvantage, as it 

contributed to reflection and new perspectives. The intervention was perceived to be 

safe, and the intervention content—exercise progression, individual adjustment, and 

monitoring the level of challenge in exercises—was considered feasible. Furthermore, 

the rating scale for assessment of the level of challenge in the balance training was 
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described as comprehensible and easy-to-use. Regarding the use of a home exercise 

programme, it was considered to be a possible supplement, but could not replace 

guided group training sessions—the high intensity/level of challenge in the training 

could not be reached at home, and exercise equipment was not available. Perceived 

effects of the intervention were increased safety and improved balance control or 

maintained balance control if ongoing deterioration in physical status was present.  

Potential outcome measures were found feasible. Furthermore, a positive trend in out-

come response on balance control was measured with the mini-BESTest, with a 

median difference of 3.5 points between baseline and follow-up assessments. The 

power calculation, performed with the significance level set to .05, with 80% power, 

and an assumed dropout rate of 20%, suggests a feasible number of participants for 

recruitment, namely, the recruitment of 70 people with MS (35 in each group). 
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7 DISCUSSION 

 

7.1 SUMMARY OF MAIN FINDINGS 
The work in the present thesis included investigation of test–retest reliability of the 

mini-BESTest, explorations of balance control in people with MS regarding cognitive–

motor interference and their experiences living with impaired balance control. 

Furthermore, the work included development of a balance training intervention 

specific to people with MS followed by evaluation of the feasibility of the developed 

highly challenging balance training intervention for a future efficacy trial. 

The findings showed that the mini-BESTest96 total score is a reliable measurement of 

balance control in people with mild to moderate overall MS disability over time, while 

the section and item scores are useful for identifying balance impairment. The 

minimal detectable change showed that a change of four points or more in the mini-

BESTest total score is needed to determine a ‘true’ change in balance control in people 

with MS with mild to moderate overall MS disability. The analysis of cognitive–motor 

interference showed no interference during standing. People with MS, irrespective of 

their level of overall MS disability, and healthy controls showed walking interference 

during performance of a cognitive dual-task. Only people with mild MS showed 

cognitive interference during dual-task walking. An association between increased 

level of overall MS disability and greater deterioration of dual-task capacity during 

walking was revealed. The qualitative study revealed that people with MS experienced 

balance impairment to be limiting and to restrict participation in everyday activities. 

It was often perceived as too energy demanding and costly to independently perform 

activities requiring balance control. Life revolved around being restrained by impaired 

balance control and struggling to keep up—a negotiation between capacity and 

ambition for continuing the good life was described. Finally, most feasibility aspects 

of the developed balance training intervention for people with MS—recruitment 

process and rates on inclusion and retention, study procedures, intervention delivery, 

and potential outcome measures—were found to be feasible. Four out of six 

progression criteria were met, the two criteria not met identified some further 

adaptations which need to be considered to improve retention and training session 

attendance before embarking on a full-scale efficacy trial. 

7.1.1 The mini-BESTest 

The test–retest reliability for the total score of the mini-BESTest was considered good 

to excellent (ICC values >.75) with small measurement errors (ranging between 1.3 to 

1.7) which were in line with findings in previous studies in people with MS118,194, as well 

as with findings in people with other neurological conditions195-198, people with 

balance disorders95 and people with increased risk of falling199. Also, the reliability 

results of section scores were in line with previous studies in people with MS118,194, 

except for the results for reactive postural control and sensory orientation, where our 
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results showed lower reliability. A possible explanation for the differences regarding 

one of the studies might be the use of self-reported disease severity118 instead of the 

commonly-used EDSS25. Subjective and objective measures of overall MS disability are 

known to differ, which affects comparability of results200. Another possible explana-

tion might be smaller sample sizes118,194, which also reduce comparability of the results. 

Additionally, retesting was, in one of the studies, performed only for those partici-

pants reporting no change in health status194. Only including participants with 

unchanged health status implies a risk of overlooking the common day-to-day 

variation in capacity among people with MS, thereby affecting the validity of the 

results for the targeted population. In our study retesting was performed regardless of 

day-to-day variation in capacity. With the day-to-day variation included in the test–

retest set-up, reliability was found to be higher and the measurement error smaller 

among people with mild MS. This indicates that balance control is more affected by 

day-to-day variation in capacity in people with moderate MS compared to those with 

mild MS. Despite the aforementioned differences, the result regarding minimal 

detectable change was similar between our study and the two other reliability studies 

in people with MS118,194. Our results showed that the mini-BESTest total score has good 

to excellent test–retest reliability and small measurement errors, and is therefore 

recommended for use in people with mild to moderate MS. The reliability for two of 

the sections were lower and should therefore be interpreted more cautiously. 

7.1.2 Balance control and dual-task capacity 

The study on dual-task capacity (Paper II), and the interview study (Paper III), both 

explored balance control in people with MS, but used different approaches (quantita-

tive versus qualitative). Exploring balance control with different approaches provides 

an opportunity to intertwine and study the field from a wider perspective. 

The overarching theme generated in the interview study revealed that participants felt 

restrained by impaired balance control and that they struggled to keep up with activ-

ities in their everyday lives. It was described how balance control, which used to be an 

automatic skill employed in various activities, when living with MS is limited and 

affected performance and participation in everyday activities. They described that 

balance control, when living with MS, requires focused attention and concentration 

when moving around. The perception of reduced automaticity in balance control 

reflects the cognitive–motor interference shown during the combined walking and 

cognitive tasks in the study on dual-task capacity. The mild MS group had a 

significantly increased response time in the cognitive task during walking, which 

might imply that walking requires greater processing resources and thus also limits 

cognitive processing46 in mild MS. This result is of importance since it highlights a 

difficulty which often can be a hidden impairment experienced by the individual with 

MS but not noticed by others. A dual-task cost on the cognitive task in motor–

cognitive activities among people with MS with mild to moderate overall MS disability 

has also been shown in other studies72,74, which strengthens the results of the present 

thesis. Further, the dual-task results showed that the group with moderate MS 



 

53 

performed worse than the mild MS and healthy groups in dual-task walking and had 

greater variation in cognitive–motor interference compared to the other groups. A 

probable explanation of this is that higher overall MS disability is linked to greater 

limitation in ambulation, implying greater variation in dual-task capacity. Also, in the 

EDSS construct higher scores on the scale are determined by ambulation, which 

suggests a similar explanation of greater variance. In all, a combination of the results 

from the two studies illustrates that automaticity in balance and walking is affected 

and limits activity in people with mild to moderate MS compared to a healthy 

population.  

Impaired balance control was described in the interview study as not only limiting 

current activity. It was also perceived that what one did or intended to do before, 

during, and after an activity had to be thoroughly considered, since the capacity to 

maintain balance and be continuously active was often limited due to lack of energy 

and to variation in day-to-day capacity. Being independent in performing activities 

was described as highly valued, but it was often perceived as too energy demanding to 

manage to keep independence during activities requiring balance control. In order to 

cope with this, interviewed participants described that they themselves needed to get 

to know and become aware of their own capacity, and then prioritise what activities 

they thought were important and valuable to perform and what activities that they 

could assign lower priority. Learning to live with such constraints and use behavioural 

tools to equilibrate activity and non-activity might take time and differ between 

individuals. Healthcare should be prepared to support patients to “move forward” 

through the use of person-centred interventions to better reach the needs of the 

individual.  

The influence of the environment on one’s ability to keep balance control in various 

activities was described by the participants. Their experience can be related to 

Bernstein’s theory of movement (degrees of freedom), in which the impact of environ-

mental conditions on how a specific movement can be accomplished 39. Difficulties in 

focusing on keeping balanced and at the same time registering, interpreting, and 

reacting to ongoing environmental stimuli—difficulties that contributed to increased 

fall risk and to reduced activity—was described. The perceived need of paying 

constant attention to be able to keep one’s balance when simultaneously performing 

tasks and/or being in stimuli-rich environments is in line with the results in the 

extended analysis performed in the study on dual-tasking. In this analysis the response 

time in the cognitive task was compared between the two motor–cognitive activities 

(standing versus walking). All groups (mild MS, moderate MS, and healthy controls) 

showed a longer response time during walking compared to during standing, but only 

mild MS showed a statistically significant difference. However, the difference in effect 

on response time between the two dual-task activities was three times greater among 

people with MS than among healthy controls. This result again highlights that the 

aforementioned hidden impairment in people with MS is not present in the healthy 

population, implying that motor tasks require greater processing resources in people 
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with MS201-202, but can be performed automatically within a healthy population50. 

Worth noting here is that the difference in effect between dual-task standing and dual-

task walking was nearly as large in mild MS as in moderate MS, even though mild MS 

had a significantly shorter response time, which again highlights the difference in 

dual-tank capacity between people with mild and people with moderate overall MS 

disability. 

Physical impairments were the starting point for describing factors affecting balance 

for interviewed participants, whereas aspects of cognitive function were subsequently 

described as either needed to compensate for the physical shortcomings or as being 

in short supply themselves. The shortcomings described as influencing balance 

control in people with MS (e.g., sensory, motor, and cognitive functions) are in accord-

ance with Horak’s recognised model of balance control 37. However, our results imply 

that fatigue and unpredictable day-to-day variation in capacity are prominent aspects 

in balance impairment in people with MS, which should be considered in an MS-

adapted version of the model by Horak. Our results from the study on dual-task 

capacity and the interview study are in line with the results from a recent review which 

concludes that greater disability and cognitive dysfunction may be associated with 

poorer dual-task performance201. Together these results highlight the influence of 

cognitive function on balance control in people with MS. 

Interestingly, we found a trend of a dual-task benefit in the sway measures across all 

groups—mild MS, moderate MS, and healthy controls—when performing the task in 

eyes-closed condition. Such dual-task benefit was not recognised or found in the 

interviews, but on the other hand participants described the importance of adequate 

visual function to compensate for other impairments. In the literature, two other 

studies that also used eyes-closed condition in the sway task have reported similar 

results203-204. An explanation for this finding might be that mild stress induced by dual-

tasking can enhance attention205, which transferred to our study, generates a dual-

task benefit of balance performance during standing with eyes closed. Furthermore, 

our study revealed a difference in performance in standing with eyes closed between 

people with MS and healthy controls, which might be explained by common impair-

ments in somatosensory and vestibular functions in people with MS14. 

Aminian and colleagues90, have shown how the experience of balance impairment, 

risk of falling and other people’ attitudes contribute to activity limitation. Other 

studies have reported that mobility problems, motor and visual impairments, and 

fatigue all affect social participation and that decreased social participation is 

associated with depression206 and low quality of life207. These results are in line with 

our qualitative findings. Beside impact on activities and participation, impaired 

balance control was described as affecting identity and self-image, and reduced one’s 

confidence in being capable. Such negative thoughts might create barriers to 

resilience and management of disease progression208. To oppose this, the participants 

used psychologically- and physically-based coping strategies, which contributed to 
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resilience by not allowing balance impairment to affect life too much. Furthermore, 

deciding for oneself whether to continue doing valued activities or not, even if it could 

result in falling or becoming fatigued, was expressed as important for the individual 

in their pursuit of the desired life. The results from the interviews highlight the 

importance for healthcare providers working in the MS rehabilitation field to practice 

person-centred care so as to support patients in their autonomous decision-making 

process.  

7.1.3 Feasibility of an intervention study 

Within this thesis, a highly challenging balance training intervention was developed 

using a co-design process and adaptation of an existing balance training intervention 

(HiBalance PD). In the co-design process, a selection of stakeholders (people with MS, 

the NEURO Sweden, and physiotherapists) were invited to participate in a workshop 

series, which promoted anchoring and acceptance among both providers and 

receivers of the intervention. The workshop series guided and highlighted to 

researchers which parts of the HiBalance PD intervention needed to be adapted 

specifically to the targeted patient group. Awareness of one’s capacity and monitoring 

of their day-to-day variability in capacity emerged as important aspects in adapting 

the HiBalance PD program to people with MS. Furthermore, continuously monitoring 

the level of challenge in the exercises also emerged as an important aspect. These two 

adaptation aspects are in a sense related, as variability in capacity in MS determines 

the level of challenge or intensity under which the training can be performed safely 

but with progressive overload. To counter this, we developed the rating scale for 

assessing the level of challenge in the balance training. By use of this scale, the 

intensity/challenge in balance training could be kept at a high level with greater 

accuracy, regardless of the individual’s current capacity. In addition, the self-

assessment could, for the individual, contribute to increased/enhanced awareness of 

one’s current capacity. A continuously high intensity level is crucial in a balance 

training intervention that is intended to be progressive. These aspects were therefore 

integrated into the intervention, by having the participants rate their daily variation 

in capacity at the beginning of each session, and then at the end of each session having 

each participant rate the intensity or level of challenge of the training session on a 

rating scale. This is in line with recent research, which highlights the importance of 

supporting participants in reaching an appropriate intensity of balance training for 

maximised intervention effectiveness83,136. Furthermore, recent studies have 

investigated methods for monitoring the intensity of balance exercises84,209. However, 

reported methods differ widely, but share an overall ambition to increase intensity209 

through detailed instructions to the therapist on how to actively aim for a specific 

level of challenge84. In the different balance exercises performed during the feasibility 

intervention, the participants were encouraged to aim for a fairly low to somewhat 

high level of challenge in order to obtain a high training effect but to avoid the risk of 

accidents and injuries. The feasibility of the developed self-assessment rating scale for 

level of challenge was assessed by participants, who perceived the scale as easy to 
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understand and useful for specific exercises performed during a session but found it 

more difficult to use when grading a whole session, which may need to be considered 

when designing future trials. Furthermore, a validity and reliability evaluation of the 

scale is needed in future studies. 

To evaluate the feasibility of a future full-scale trial of the intervention, six quantitative 

pre-defined progression criteria were used alongside qualitatively-assessed feasibility 

aspects. Generally, the intervention was considered feasible, but two of the six 

progression criteria were not met. The criteria, retention and attendance at training 

sessions, were both related to the degree of trial participation. Four participants did 

not complete either the intervention or both the intervention and the follow-up 

assessment, which contributed to the low retention rate. Regarding attendance, the 

progression criterion was not met in the assessment of the whole sample, but the 

criterion was met for those who completed the follow-up assessment. In order to find 

out which level of training session attendance is required to detect effect on the 

primary outcome, attendance at training sessions was calculated for those who 

completed the follow-up assessment.  

In the feasibility study, no home exercise program was included. Home training could 

be a complement to supervised sessions, including core stability and fitness exercises, 

which are exercises that have previously been shown to positively impact balance 

control85. The participants voiced that a home exercise program would not be a 

suitable complement to supervised group sessions, since it is much less likely that they 

would attain the necessary level of difficulty in the exercises at home. On the other 

hand, a home exercise program could, however, add additional training benefits for 

the individual, as it could also contribute to increased awareness and experience of 

managing common activities performed in a known environment. Furthermore, a 

future development of a home exercise program could be beneficial for use in future 

studies, including people with MS who live far away and who therefore cannot travel 

to the training facility two to three times a week, which was a barrier among the 

participants in our study. 

The mini-BESTest was found to be both feasible and suitable, as the primary outcome 

for the targeted patient group. The median change in total score of the mini-BESTest 

after the intervention period showed a positive trend in effect, close to the minimal 

detectable change for the target group. Moreover, positive trends in effect were also 

seen for maximum walking speed (10-Metre Walk Test), complex walking (Six Spot 

Step Test), and self-perceived impact of MS on walking ability (Multiple Sclerosis 

Walking Scale). These results were confirmed by how the intervention effect was 

perceived among the participants. Interestingly, the result showed a negative trend 

for self-selected comfortable walking speed. A possible explanation could be that 

participants were exposed to different exercises during the intervention, which they 

reflected upon by the end of each training session. This might have resulted in an 

increased awareness of balance impairment. This is in line with ongoing research, in 
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which personalised education, exercise, and motivation components are proposed to 

be included in balance interventions designed to reduce fall risk and enable self-

management149.  

 

7.2 METHODOLOGICAL CONSIDERATIONS  

7.2.1 Internal validity 

Papers I and II used design and statistics where groups were compared. To strengthen 

internal validity, the groups compared should be similar in relevant demographic 

characteristics. In Paper I, the main analysis was performed on the total sample of 

people with MS, but analyses were also performed on groups of people with mild and 

moderate overall MS disability. The characteristics of the two groups differed regard-

ing age and disease course, which can be expected based on how the disease 

progresses over time. Paper II compared groups of people with mild and moderate 

overall MS disability with sex-and-age-matched healthy controls. Regarding these 

characteristics, the recruitment of healthy controls matched the total sample of people 

with mild to moderate MS.  

In the lower range of the EDSS the presence of functional impairments is minimal or 

small, making assessment more difficult. This could cause information bias, due to the 

risk of misclassification of participants; i.e., false positive inclusion and false negative 

exclusion of participants in Papers I, II, and IV. In these cases, the EDSS assessment 

was discussed within the research group in order to minimise the risk of misclassifi-

cation. 

A learning effect in various items can diminish test–retest reliability results, as has 

been described previously for the mini-BESTest95,118,195,197. When data is collected over 

time in administrator-assessed instruments, there is a risk that the assessment does 

not remain consistent but instead drifts in some direction depending on the adminis-

trator. These potential problems, as well as the day-to-day variation of functional 

capacity in the studied population, contributed to the decision to use an ICC absolute 

agreement with a two-way random effects model in the analyses, since ranking was 

not of interest187. The risks of bias presented above highlights the importance of 

standardised administration and scoring procedures—i.e., giving instructions, 

assessing, and scoring in a standardised procedure in accordance with the test 

manual—in both research and clinical settings, for high quality assessment of balance 

control with the mini-BESTest. In the present reliability study, the risk of drifting in 

data collection was counteracted by regularly reading the assessment manual.  

For exploration of cognitive–motor interference in Paper II, the auditory Stroop was 

used as the cognitive task. This task, which challenges executive functions and 

involves conflicting stimuli, is suggested for use in studies of cognitive–motor 

interference in people with MS114. Furthermore, in our study, the conflicting stimuli 



 

58 

were delivered with a larger difference in frequency between high and low pitches 

than has been previously described210. Therefore, the risk of not perceiving the 

difference in frequency between pitches was reduced, as was the risk of information 

bias. 

Data coverage in Papers I and II was excellent. All participants in Paper I completed 

both test occasions, and all participants in Paper II completed all assessments 

included in the study procedure. However, attrition was large in Paper IV, leading to 

a low retention rate and low completion of follow-up assessments in comparison with 

other intervention studies84-85,135-136, which also was reported. A total of four partici-

pants did not complete either the intervention or both the intervention and the 

follow-up assessment. Adaptations to improve retention need to be considered by tak-

ing dropouts into account when recruiting. 

7.2.2 External validity 

The inclusion of a larger sample solely consisting of people with MS representing a 

wide range of overall MS disability according to the EDSS assessment is a major 

strength in Paper I. An even larger sample size would have been desirable, however, 

the credibility of our findings is supported by adherence to the recommendations of 

including more than 50 people with MS187,211. The sample in Paper I varied in years 

since diagnosis and disease course. The distribution between women and men within 

this sample was the same as within the MS population, which supports the generali-

sability of the study results to the overall MS population. 

Strengths in Paper II included that it, compared to other studies in the field, included 

a larger sample of people with MS and comparisons with healthy controls. The similar 

demographics and sizes across the three groups, a sample distribution reflecting the 

prevalence of the underlying condition, supports the generalisability of the results. 

A major strength of Paper IV was that a previously designed highly challenging 

balance intervention was, with stakeholder involvement, reused and developed to be 

applied to people with MS. Another strength was that the trial was conducted under 

similar conditions as a full-scale trial. In contrast, the study’s main limitations include 

the small sample size, and the lack of a randomisation procedure, blinding, and a 

control group.  

Regarding the sample in Paper IV, all 12 participants were mildly impaired in at least 

two of the EDSS functional systems, and 6 of the participants were moderately 

impaired in at least two EDSS functional systems. The presence of impairments in 

several functional systems, which was also observed in the included participants with 

a low EDSS score, reveals the complexity of cases where interacting impairments 

contribute to limited balance control in people with MS. To further strengthen the 

study’s external validity and to specifically target people with MS with balance 

limitations in a future full-scale trial, a measurement for balance control should be 

added to define balance limitations at inclusion; for example, the mini-BESTest, with 
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an upper limit set for inclusion. Similar cut-off scores on outcomes have been set in 

other balance interventions, in order to ensure higher precision in the criteria for 

reaching the targeted patient group84,212. 

7.2.3 Trustworthiness 

The quality of content analysis is dependent on its trustworthiness213. To achieve 

trustworthiness in Paper III, a checklist for improvement of trustworthiness214 was 

used. Trustworthiness is defined by the terminology of credibility (participants are 

identified and described accurately), dependability (stability of data), conformability 

(objectivity and accuracy of data), transferability (potential for extrapolation) and 

authenticity (whether researchers faithfully show a range of realities). Consideration 

of trustworthiness should be addressed at each phase—preparation, organisation, and 

reporting—of a content analysis study214. In Paper III this was addressed in all phases, 

for example by the collection of data through semi-structured interviews on a sample 

of people with MS experiencing balance impairment, by the thorough and structured 

categorisation and abstraction process, and by the systematic reporting of results with 

categories covering the data and systematic use of quotations. 

In Paper III the study sample was purposefully selected from the first round of data 

collection (No. 1), based on sex, age, and overall MS disability. Additional results from 

the mini-BESTest were used to ensure that the sample experienced impaired balance, 

which contributes to the credibility of the study sample. The results are therefore 

transferable to similar groups of people with MS, but not to those with very different 

characteristics, or to other patient groups. 

For consideration of the data’s dependability, the participants were interviewed at 

least two months after participation in the reliability study, so that their statements 

and descriptions would not directly link to their previous participation. Furthermore, 

the interviewer had not been involved in data collection in the reliability study, which 

refers to the conformability of the data. 

Themes and formulation of open-ended questions in the interview guide were based 

on previous studies and on the authors' clinical experiences of meeting people with 

MS with impaired balance. Having physiotherapeutic experience meeting people with 

MS might contribute to preconceptions and bias. However, it can also serve as 

valuable keys to reach deeper in the interviews.  

To ensure the authenticity of the qualitative analysis, the original interviews were 

constantly reviewed. All interviews were initially analysed by the first author, but to 

guarantee similarity between analysis steps, each interview and each analysis step 

were discussed between the first and the last author. To increase analysis 

transparency, quotations that best mirrored the content of each category were 

selected when reporting results.  
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7.3 ETHICAL CONSIDERATIONS 

The research within this thesis included humans and the procedures in all papers were 

conducted in accordance with the ethical principles of the Declaration of Helsinki 193. 

The declaration is a statement for how research procedures should be conducted to 

protect the rights and respect of the individual. Autonomy of the individual was 

ensured by voluntary participation and the fact that the individual could refuse and 

withdraw participation at any time without giving a reason. All participants received 

oral and written information about all phases of the project. The information included 

specific information about procedures and estimated time for measurement and 

training in the parts of the project in which they participated, as well as information 

on risks and rights. Informed consent was signed before enrolment by all participants. 

No compensation or other benefits were offered to the subjects participating in the 

research.  

A potential risk of falling was considered for those participating in the balance training 

intervention (Paper IV). Therefore, the training was conducted in groups of six to eight 

participants, led by two research physiotherapists. The exercises and the gradual 

progression of the training were individually adjusted over the ten-week intervention 

period. The supposed beneficence of participating in the training regarding a positive 

training effect was considered to outweigh the possible risks of the training. 

Regarding justice, there was no control group in the feasibility trial. However, the 

trend in outcome response indicated a benefit—improved balance control—from 

participating in the training. If this had been a controlled trial, the participants in the 

control group had been offered the opportunity to participate in the training another 

time, after completion of the intervention period. 

The data collection in all papers comprised of questionnaires and tests assessing 

aspects of cognitive function. Some questions in the questionnaires could potentially 

have been perceived as intrusive to the individual's private sphere and the cognitive 

tests might have been perceived as revealing impaired ability. To strengthen and 

protect the autonomy of the participant in this part of data collection, so that this 

would not be perceived as threatening or harmful, participants were informed that 

they themselves could decide what to share or not to share with the data collector. 

In the study on cognitive–motor interference, it was considered a risk that participants 

could become aware of how simultaneously performing a cognitive task could affect 

the walking ability. If this was difficult to understand, the participant had the oppor-

tunity to discuss the experience with the data collector or with the other researchers. 

People with MS that participated in the co-design workshop series may have reflected 

on their own concerns regarding the topics raised and the subsequent discussions. If 

needed, participants with MS were offered the opportunity to discuss this with the 

researchers/facilitators involved in the project. 
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Regarding the sampling of blood conducted in Paper IV, the risk of infection was 

considered to be small. Participants were informed that the purpose of the blood 

sample was only research, that it had no treatment-related benefits, and that the blood 

samples would only be used in the manner to which the participant had consented. 

The blood sampling procedures were conducted according to Lagen (2002:297) om 

biobanker i hälso- och sjukvården m.m.215. 

The research in this thesis has relevance for a future full-scale trial, since it spans 

domains of preclinical and clinical research, combines expertise from multiple profes-

sions, and involves collaboration between research institutions. Furthermore, it 

includes people with MS themselves, representatives from a patient organisation, and 

physiotherapists specialised in MS rehabilitation. The results revealed in this thesis 

have relevance for conduction of a future full-scale randomised trial, the results of 

which will, in turn, have immediate clinical relevance for the measurement and train-

ing of balance control and dual-tasking in people with MS. The people with MS in the 

study samples of this thesis project are representatives from the group that will benefit 

from this research in the future.  

 

7.4 CONCLUSIONS 

The mini-BESTest has good to excellent test–retest reliability and is suitable for 

assessing balance control in both research and clinical settings in people with mild to 

moderate overall MS disability. As an outcome measure, the test should be used in its 

entirety. The different sections of the test can be used in the clinic to more precisely 

determine which of the underlying systems might be affected. However, the sensory 

orientation and reactive postural control sections of the mini-BESTest should be 

interpreted more cautiously.  

Cognitive–motor interference in people with MS is also present in the early phases of 

the disease, as shown during dual-tasking with slower walking and the need for longer 

response time in the cognitive task compared to healthy controls. People with 

moderate MS perform worse in almost every aspect of motor and cognitive 

assessments in the dual-task condition, compared to mild MS and healthy controls. 

Furthermore, during standing, people with MS perform worse in standing measures 

compared to healthy controls. No cognitive interference is shown in healthy controls 

during motor tasks. 

People with MS experience balance control as a skill, which prior to disease-related 

disability could be employed automatically in various activities but which now 

requires attention and awareness. Body functions perceived as central to maintaining 

balance were somatosensory–motor functions, vision, and management of mental 

and/or physical fatigue. Aspects of cognitive function were also brought up as either 

facilitating or hampering balance control. Furthermore, day-to-day variation in 

capacity and being in stimuli-rich environments were conditions which negatively 
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influenced balance, which in turn limited and restricted participation in activities. 

People with MS with impaired balance control use various strategies to still be able to 

perform valued activities and thereby maintain quality of life despite one’s disabilities.  

The overall trial design and delivery of the intervention in a future full-scale efficacy 

trial of the balance training intervention is feasible. Four out of six progression criteria 

were met, and the mini-BESTest is considered to be a suitable primary outcome of the 

intervention. The power calculation performed suggests a feasible number of partici-

pants to recruit. However, factors related to retention—how to facilitate participants' 

trial completion—and intervention delivery should be considered prior to implement-

ing a full-scale trial. 

 

7.5 IMPLICATIONS FOR CLINICAL PRACTICE 

The findings of this thesis have several implications for clinical practice. Regarding 

measurement of balance control with the mini-BESTest in people with MS, the total 

score should be used. Assessment via the mini-BESTest in people with mild to 

moderate overall MS-disability can be used to customise balance rehabilitation for the 

individual with high precision and accuracy. Furthermore, the result regarding 

minimal detectable change contribute to clinical usefulness and the ability to interpret 

the total scores in people with MS. The mini-BESTest sections may be used to 

determine which subsystems of balance control might be affected, although the 

sensory orientation and reactive postural control sections should be interpreted with 

caution. 

The findings of this thesis give support for the assessment of motor—cognitive dual-

task performance as an estimate of disability in people with MS. The assessment of 

dual-task might increase awareness of dual-task capacity and understanding of limi-

tations, which can possibly be used as tools in rehabilitation of the individual patient 

and by giving direction on how these constraints can be managed. Furthermore, 

balance training, which includes dual-tasking, can also positively impact health-

related quality of life.  

The findings of this thesis also highlight the importance of person-centred care in 

people with MS, regarding assessment of balance control, and the treatment and 

management of limitations. The findings imply that, along with a standard 

examination of people with MS in the clinic, the physiotherapist should also seek 

information about the individual’s experiences of how impaired balance diminishes 

participation in various activities. The person-centred focus might increase both the 

quality and efficiency of therapy if it involves both measurement of function and 

interviews focused on the individual's thoughts of how their health condition affects 

life and valued activities. Then therapy can be designed based on the underlying 

mechanisms of balance impairment and be aimed at enabling the patient to be less 
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restricted when participating in valued activities, which likely contributes to increased 

motivation. 

Finally, the results from the feasibility study (Paper IV) show that it is possible for 

rehabilitation and balance control training to be carried out at a high level of challenge 

but still adjusted to individual capacity. 

 

7.6 FUTURE RESEARCH AND DIRECTIONS 

Future research on the mini-BESTest is needed on the interpretation of a change in 

the total score; i.e., the minimal important change from the patient’s perspective187. 

Additionally, the ability to detect change over time (responsiveness) with the mini-

BESTest, is needed.  

Future studies on cognitive–motor interference should be conducted using longer 

walking trials and during standing, both with eyes closed and with eyes open. Further-

more, studies exploring brain activity during dual-tasking are warranted to better un-

derstand the mechanisms of cognitive-motor interference. This could be performed 

with functional near-infrared spectroscopy, which enables the measurement of real-

time brain activity during different motor tasks216.  

Future effectiveness studies of balance training interventions should include a larger 

sample size with blinding and randomisation to both intervention and control groups. 

Furthermore, methods to control intensity or level of challenge should be used in bal-

ance training interventions and outcomes on dual-tasking should also be included. 

Furthermore, the effect of the future full-scale trial of the balance training interven-

tion should also be evaluated qualitatively from the perspective of people with MS for 

increased knowledge about the effects of balance training in this group. 
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