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Abstract

Ylva Nilsagård (2008): Walking ability, balance and accidental falls in persons 
with Multiple Sclerosis. Örebro Studies in Medicine, 94 pp.

By using a pragmatic paradigm, different research methodologies were em-
ployed in this thesis. MS-related symptoms may be exaggerated due to heat-
sensitivity and it is supposed that cooling garments relieve the symptoms. The 
effects of wearing a Rehband® vest were evaluated in a sample of 42 persons 
with MS in a randomised controlled crossover study. Both objective and subjec-
tive statistically signifi cant improvements were found when a cooled Rehband® 
vest was worn compared to the wearing of a room-tempered vest. 

Using a repeated-measures design, 10m and 30m timed walks and Timed Up 
and Go were studied in 42 persons with MS. Reproducibility was investigated 
within and between test points. High reproducibility was found both within 
(r=0.97–0.98) and between measure points (r=0.91–0.93). The correlation be-
tween the three tests was high (r=0.85). Differences at –23% to +40% were es-
tablished as being needed to detect genuine changes. Severity of MS infl uenced 
the size of the differences, especially for the 30m timed walk test. 

The 12-item MS Walking Scale was translated and used in a cross-sectional 
study. Out of 81 persons with MS, 89–96% perceived limitations in standing 
or walking. The internal consistency of the scale was acceptable for nine items 
(0.69–0.84). The concurrent validity between the 12-item MS Walking Scale 
and the investigated objective tests was low: Berg Balance Scale (r=–0.368**), 
Four Square Step Test (r=0.338**) and Timed Up and Gocognitive  (r=0.319*). 

A prevalence of falling was found at 63% in a longitudinal cohort study 
with prospectively registered falls including 76 persons with MS. The odds of 
falling were fi ve fold when there was a reported need of using a walking aid 
indoors and outdoors and by 2.5 to 15.6 times while there was disturbed pro-
prioception, depending on severity. The highest sensitivity was found for the 
Berg Balance Scale (94%) and the highest specifi city was found for the 12-item 
MS Walking Scale (82%). Positive predictive values at 70–83% were found for 
the Berg Balance Scale, Timed Up and Gocognitive, the Four Square Step Test and 
the 12-item MS Walking Scale. 

Finally, we explored and described factors that persons with MS perceive as 
related to accidental falls. A content analysis with a deductive approach was 
chosen. By conducting interviews, we found previously untargeted factors: 
 divided attention, reduced muscular endurance, fatigue and heat-sensitivity. The 
content of the interviews also gave support to previously reported risk factors 
such as changes in gait pattern, walking disability, impaired proprioception 
and vision, and spasticity. 

Key words: multiple sclerosis, cooling garment, gait, walking, balance, reliabi-
lity, validity, accidental falls, prediction, ICF

Avh_YlvaNilsagard_K131008.indd   5 08-10-14   07.38.48



Avh_YlvaNilsagard_K131008.indd   6 08-10-14   07.38.48



LIST OF PUBLICATIONS 
 
This thesis is based in the following papers, which are referred to in the text by the 
corresponding Roman numerals: 
 

I. Nilsagård Y, Denison E, Gunnarsson L-G. Evaluation of a single ses-
sion with cooling garment for persons with multiple sclerosis – a 
randomized trial. Disability and Rehabilitation Assistive Technology 
2006; 1(4): 225-233. 

 
II. Nilsagård Y, Lundholm C, Gunnarsson L-G, Denison E. Clinical rele-

vance using timed walk tests and ‘timed up and go’ testing in persons 
with Multiple Sclerosis. Physiotherapy Research International 2007; 
12(2): 105-114. 

 
III. Nilsagård Y, Gunnarsson L-G, Denison E. Self-perceived limitations of 

gait in persons with multiple sclerosis. Advances in Physiotherapy 
2007; 9(3): 136-143. 

 
IV. Nilsagård Y, Lundholm C, Denison E, Gunnarsson L-G. Predicting  

accidental falls in persons with Multiple Sclerosis – a longitudinal study. 
Accepted 25 May 2008, Clinical Rehabilitation. 

 
V. Nilsagård Y, Dension E, Gunnarsson L-G, Boström K. Factors per-

ceived as related to accidental falls in persons with Multiple Sclerosis. 
Accepted 2 October 2008, Disability and Rehabilitation. 

Avh_YlvaNilsagard_K131008.indd   7 08-10-14   07.38.48



Avh_YlvaNilsagard_K131008.indd   8 08-10-14   07.38.50



LIST OF ABBREVATIONS 
 
MS Multiple Sclerosis 
PwMS Persons with Multiple Sclerosis 
EDSS Expanded Disability Status Scale 
ICF International Classification of Functioning, Disability and Health 
CNS Central Nervous System 
 
 
 
 
 
 

Avh_YlvaNilsagard_K131008.indd   9 08-10-14   07.38.50



Avh_YlvaNilsagard_K131008.indd   10 08-10-14   07.38.50



Contents

1. INTRODUCTION ..................................................................... 15

1.1  Multiple Sclerosis  ...................................................................  15

1.2  Expanded Disability Status Scale  ............................................16

1.3.1  The International Classifi cation of Function,
 Disability and Health ..............................................................16

1.3.2  Structure of the ICF components, Figure A .............................17

1.4.1  Impairments ............................................................................17

1.4.2  Symptoms according to ICF core sets, Table 1  ........................19

1.5  Gait and walking ability ..........................................................19

1.6  Balance ....................................................................................20

1.7  Accidental falls ........................................................................20

1.8  Measurement of walking ability and balance ..........................21

1.9  Rehabilitation  ........................................................................ 22

1.10  Physiotherapy  .........................................................................22

1.11  Formulation of clinically based problems  ..............................  23

2.  PURPOSE  .............................................................................  25

3.  MATERIAL AND METHODS  .................................................27

3.1.1  Sampling  .................................................................................27

3.1.2  Inclusion criteria .....................................................................  27

3.1.3  Characteristics of the participating persons, Table 2 ...............28

3.2  Measures  ................................................................................28

3.2.1  Measures at the level of Body Function and Structure .............28

3.2.1.1  Fatigue Severity Scale ..............................................................28

3.2.1.2  Modifi ed Ashworth Scale ........................................................28

3.2.1.3  Lindmark Motor Capacity Assessment, part E ........................29

3.2.1.4  Clock Drawing Test .................................................................29

3.3.1  Measures at the level of Activity and Participation ..................29

3.3.1.1  10m timed walk .......................................................................29

3.3.1.2  30m timed walk .......................................................................30

3.3.1.3  Berg Balance Scale ...................................................................30

Avh_YlvaNilsagard_K131008.indd   11 08-10-14   07.38.50



3.3.1.4 Timed Up and Go ....................................................................30

3.3.1.5 Timed Up and Gocognitive ......................................................31

3.3.1.6  Nine-Hole Peg Test ..................................................................31

3.3.1.7  Four Square Step Test .............................................................  31

3.3.1.8  12-item MS Walking Scale .......................................................31

3.3.1.9  Static and dynamic static standing tests...................................32

3.3.1.10 Frenchay Activity Index ...........................................................32

3.4  Measures, Table 3 ....................................................................33

4.  DESIGN, PROCEDURE, DATA ANALYSES  ........................  35

4.1.1  Study I  .................................................................................... 35

4.2.1 Study II  ...................................................................................36

4.2.2  Figure B ...................................................................................37

4.2.3  Figure C ...................................................................................37

4.3  Study III...................................................................................37

4.4.1  Study IV ..................................................................................38

4.4.2  Figure D...................................................................................41

4.5  Study V ....................................................................................42

4.6  Ethical considerations ..............................................................43

5.0  RESULTS ................................................................................ 45

5.1.1  Results, Study I ........................................................................ 45

5.1.2  Table 4 ..................................................................................... 45

5.1.3  Table 5 .....................................................................................46

5.1.4  Clinical message, Study I .........................................................47

5.2.1  Results, Study II.......................................................................47

5.2.2  Table 6 .....................................................................................47

5.2.3  Table 7 .....................................................................................47

5.2.4  Table 8 .....................................................................................47

5.2.5  Table 9 .....................................................................................48

5.2.6  Clinical message, Study II ........................................................48

5.3.1  Results, Study III .....................................................................49

5.3.2  Table 10 ...................................................................................49

5.3.3  Clinical message, Study III ......................................................50

Avh_YlvaNilsagard_K131008.indd   12 08-10-14   07.38.50



5.4.1  Results, Study IV .....................................................................50

5.4.2  Table 11 ...................................................................................50

5.4.3  Figure E ...................................................................................51

5.4.4  Table 12 ...................................................................................51

5.4.5 Table 13 ...................................................................................53

5.4.6  Table 14 ...................................................................................54

5.4.7  Figure F ................................................................................... 55

5.4.8  Figure G................................................................................... 55

5.4.9  Figure H .................................................................................. 55

5.4.10  Figure I .................................................................................... 55

5.4.11  Figure J ....................................................................................56

5.4.12  Table 15 ...................................................................................56

5.4.13  Clinical message, Study IV ......................................................57

5.5.1  Results, Study V ......................................................................57

5.5.2  Quotes .....................................................................................57

5.5.3  Figure K ...................................................................................59

5.5.4  Clinical message, Study V ........................................................60

6.  DISCUSSION ..........................................................................61

6.1  Results summary .....................................................................61

6.2  Results discussion ....................................................................61

6.3  Methodological discussion ......................................................63

6.4  Future research ........................................................................67

7.  CONCLUSIONS ......................................................................69

8.  IMPLICATIONS ......................................................................71

9.  ACKNOWLEDGEMENTS ........................................................73

10.  APPENDIX ..............................................................................77

 Appendix 1 EDSS ....................................................................77

 Appendix 2 Berg Balance Scale .............................................. 78

 Appendix 3 Timed Up and Gocognitive  ................................ 79

 Appendix 4 Four Square Step Test  ......................................... 79

 Appendix 5 12-item MS Walking Scale ...................................79

11.  REFERENCES .......................................................................  81

Avh_YlvaNilsagard_K131008.indd   13 08-10-14   07.38.50



Avh_YlvaNilsagard_K131008.indd   14 08-10-14   07.38.50



15

1. INTRODUCTION 
 
1.1 Multiple Sclerosis 
Multiple Sclerosis (MS) is an autoimmune chronic disease affecting the Central 
Nervous System (CNS). The name originates from the multiple scars or scleroses 
caused by inflammatory processes in the CNS. These processes damage the mye-
lin sheets and lead to disrupted or disturbed transmission of the nerve signals. In 
combination with the destruction of neurons, this results in loss of function.82 The 
myelin damage may be fully or partially restored by a remyelination process.82 
MS is considered to be a primarily white matter disease but even early in the dis-
ease there is involvement of grey matter20 and may later dominate the pathologi-
cal progress.52  

The cause of the disease development is not quite established but it is 
regarded to be a possible combination of hereditary, environmental, geographical 
and viral causes. Sweden is one of the countries with the highest incidence 
(5.2/100.000)147 of PwMS. A prevalence between 96/100.000152 and 
154/100.000147 has been reported in Sweden, although clusters with even higher 
prevalence have been found.21 It is estimated that around 13.000 persons are di-
agnosed with MS in Sweden150. Diagnosis is established by the Poser criteria, 
which requires that two separate episodes in time and location be found in the 
clinical examination and be verified by cerebrospinal fluid analysis or magnetic 
resonance imaging.120 The McDonald criteria makes it possible to diagnose MS 
after one episode compatible with a MS-relapse, if verified in clinical examination 
and supported by magnetic resonance imaging alone or in combination with 
cerebrospinal fluid analysis.93 

The relapsing remitting form of MS, at onset, is the most common 
where symptoms occur for a period of time and then fully or partially regress. In 
time, however, the progression of the disease continues and the initially relapsing-
remitting form develops into a secondary progressive phase with ongoing loss of 
function. A median time between 11 and 19 years to reach a secondary progres-
sive phase from onset of MS has been reported.175 Around 15% are diagnosed as 
having a primary progressive form of MS without exacerbations.29  

The individual course of MS is difficult to predict but is suggested to 
relate to age at onset and time for occurrence of a progressive phase.175, 176 Sever-
ity of MS is commonly graded using the Expanded Disability Status Scale 
(EDSS)80 (Appendix 1). The median time to reach limitations corresponding to 
EDSS 4.0 has been estimated as eight years176 and to reach EDSS 6.0, between 
20176 and 28 years.158 The median age of reaching disability scores of EDSS 4.0, 
6.0 and 7.0 have been reported to be 44, 55 and 63 years, respectively.32 A benign 
course of MS is defined as having an EDSS score at 2-3 after 10 years of dis-
ease.117, 124 Being a young woman without motor symptoms at presentation indi-
cates a more benign course.33  

The age of debut is commonly between 20 and 40 years with a peak 
reported as early as 26 to 28150 up to 30 years.29 MS, consequently, strikes in the 
midst of life affecting major life areas such as work and family. At least two-
thirds of those affected are women.89  

Around 3.500 PwMS in Sweden are treated with disease modifying 
treatment.150 These treatments reduce the frequency of exacerbation and are, sub-
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sequently, aimed at PwMS having relapsing-remitting MS or exacerbations within 
a progressive phase. However, a wide range of symptomatic treatments offers an 
opportunity to reduce symptoms due to MS and is available regardless of MS 
form. Despite promising medical development, rehabilitation interventions are 
still of great importance in MS care, especially since adverse effects are rare. The 
multiplicity of symptoms, and the impact they have on daily functioning, strongly 
emphasise a multidisciplinary teamwork. Both those with MS and their signifi-
cant others should attract attention in MS care. 
 
1.2. Expanded Disability Status Scale 
EDSS was developed to measure disability in PwMS80 and is administered by neu-
rologists (Appendix 1). Changes in EDSS can be used to support clinical decisions 
and are frequently reported in scientific papers. The scale ranges from 0 to 10 in 
steps of 0.5 (except between 0 and 1). For ratings of 4.0 or lower, EDSS is based 
on scores from eight functional systems: pyramidal, cerebellar, brainstem, sen-
sory, bowel and bladder, visual, and cerebral (mental) function. Scores above 4.0 
are highly dependent on the person's ambulation status, which is a major criti-
cism of the scale. It is the distance a person can actually walk (capacity) that 
should be rated and used. Difficulties for PwMS in correctly estimating their 
maximum walking distance can impact the EDSS score.36, 127 MS is graded as be-
ing mild at EDSS 1.0-3.5, moderate at 4.0-5.5, severe at 6.0-9.5,149 and EDSS 10 
equals death due to MS.80  
 
1.3.1 The International Classification of Functioning, Disability and Health  
The comprehensive aim of ICF is to offer a standardised language and structure 
to describe health and health related conditions that can be used for research 
purposes as well as a clinical tool.173 Information is organised in two parts with 
each part having two components (Figure A). An attempt was made during the 
process of conducting this thesis to relate the performed studies to ICF. The 
measures used in the studies are mainly at the level of Body Function or Activity, 
but data was also collected at the level of Participation and for Contextual fac-
tors. ICF was used as a tool when categorising the open answers given in the 
study-specific questionnaire where activities performed during falls were de-
scribed in Study IV. ICF was used as a conceptual framework when constructing 
the interview guide and when coding and categorising the units of meaning as 
well as for presentation of the results in Study V. 
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1.3.2 Figure A  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
Structure of the components of the International Classification of Functioning, 
Disability and Health. 
 
 
1.4.1 Impairments  
Depending on the site of the lesions, different symptoms occur when having MS. 
The symptoms vary in presence and extent between different individuals and dur-
ing different time periods. Some of the symptoms are presented below.  
  
Fatigue - defined as ‘an overwhelming sense of tiredness, lack of energy and feeling 
of exhaustion’132 - is one of the most disabling symptoms and, in fact, the most 
disabling symptom in 10% to 20% of PwMS.53, 57, 79 It is commonly present in 
MS-populations53, 57, 72, 81, 96 and covers both physiological and psychological as-
pects.178 Several possible underlying mechanisms are enlightened in a review178 
such as enhanced central motor drive, impaired inhibitory circuits in the primary 
motor cortex, relation to the amount of diffuse axonal damage and brain atro-
phy. Fatigue may be experienced both at rest and after activities and exercise. It 
varies over time and is predicted by depressive symptoms,83, 177 weak or moderate 
sense of coherence, living with a partner,177 and heat-sensitivity.83 Fatigue exagger-
ates other MS symptoms and becomes more explicit at warmer environmental 
temperatures.53, 57, 78  
 
Cognitive dysfunction is present in approximately 45% to 60%38 and may also 
be present in newly diagnosed PwMS73. The dysfunctions involve memory (re-
trieval from long-term storage and working memory), speed of information proc-
essing, holding and manipulating information in mind, and disability to plan, 
solve problems and self-monitoring.73, 129 In a longitudinal cohort study including 
81 persons with newly diagnosed MS, the most affected cognitive ability was 
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noted for visual organisation.73 Cognitive dysfunction may affect work, social 
activities and activities in daily life.73, 129 By using screening instruments, it is possi-
ble to detect cognitive dysfunction at an early stage. If dysfunctions are suspected, 
a neuro-psychologist may establish a neuropsychological profile to be used when 
planning further interventions.  
 
Spasticity is defined as ‘an inappropriate increase in velocity-dependent tonic 
stretch reflexes’ and is part of the upper motor neuron syndrome.91 Affecting 
mainly the lower limbs, it may disturb activity, positioning and resting. It is a 
common feature in PwMS with over 84% reporting spasticity in a cross-sectional 
survey128 including data for 20.380 individuals. The primarily goal with treating 
spasticity is to improve function or to ease care. Preferably, this can be achieved 
by combining patient education, physiotherapy and medication.119 Approximately 
half a sample of PwMS using either intrathecal baclofen treatment (n=198) or oral 
drugs (n=315) to treat spasticity, reported that they combine medication with 
physical therapy or stretching to alleviate their spasticity.128 
 
Limb weakness is usually asymmetrically manifested in the lower extremities, al-
though weakness may also appear in the upper extremities.91 Weakness was re-
ported as the most frequently occurring symptom, with a reported prevalence at 
80% and being present at any time by 89%.153 Evidently, impaired strength nega-
tively affects movements and transfers. 
 
Proprioception and sensory touch are sensory qualities commonly impaired in 
PwMS, often present at onset of the disease.91 Proprioception is the ability to 
sense the body and the parts of the body’s mutual position and relation to each 
other. Sensory touch is the ability to recognise surfaces and their structure and 
quality, and to feel light touch.  
 
Pain is frequently listed as one of the initial symptoms reported at disease onset.91, 

111 It can be divided into primary pain associated with MS lesions and secondary 
pain that results from disability instead of the disease process. A point prevalence 
at nearly 50% was reported in a systematic review.111 Within one month of as-
sessment, approximately 75% reported having had pain. Risk factors reported to 
increase the likelihood of pain are older age, longer disease duration, and higher 
EDSS.89, 111  
 
Heat-sensitivity is recognised in approximately 60-80% of PwMS61, 116, 154 and 
heat may aggravate several symptoms,91 possibly explained by the increased sensi-
tivity to heating in demyelinated axons. For example, fatigue,53, 57, 79 muscle weak-
ness and visual impairment,92 may increase in warm environments. Exposure to 
high temperatures was perceived as a negative extrinsic factor in a survey with 
2.529 PwMS.142 Different techniques to provide cooling are used in physiotherapy 
and these can often be taught as self-care management. Local cooling, cold baths, 
cryo cuffs and cooling garments exemplify some of those techniques. Reduced 
symptoms due to different cooling therapies have been reported in PwMS for 
ataxia,1 tremor,48 fatigue,10, 22, 54, 169 walking,54, 95, 134, 169 strength,10, 22, 95 balance,10 
and spasticity.54  
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The above-mentioned symptoms are presented in Table 1 according to the com-
prehensive ICF core set75 to illustrate the level at which they are classified. 
 
1.4.2 Table 1 Classification of symptoms according to the comprehensive ICF 
core sets for MS. 
Symptom ICF code ICF category title 
Fatigue Energy and drive functions B130 
Cognitive dysfunction Higher level cognitive functions 

Attention functions 
Visuospatial perception 

B164 
B140 
B1565 

Spasticity Muscle tone B735 
Limb weakness Muscle power functions B730  
Proprioception Proprioceptive function B260 
Light touch Touch function B265 
Pain Sensation of pain B280 
Heat-sensitivity Tolerance for heat and cold B5501 
Affected gait pattern Gait pattern functions B770 
Walking disability Walking D450 
Balance Not defined ------- 
B: Body Function and Structure, D: Activity and Participation 
 
 
1.5 Gait and walking ability 
Impaired gait pattern is reported as reduced speed,11, 45, 87, 130, 153, 156 reduced stride 
length,11, 45, 87 prolonged double limb support11, 87, deviations in muscle recruit-
ment11  and gait initiation.125 The changes in gait pattern may result from abnor-
mal muscle tone, limb weakness, incoordination, or disturbed proprioception. 
Reduced strength in hamstrings and in m. quadriceps correlates with reduced gait 
velocity at both comfortable and maximum speed.156 Physiotherapists analyse the 
gait pattern of patients in order to define the specific problem areas that need fur-
ther investigation before designing and carrying out proper interventions.  

Walking with a disrupted gait pattern demands more energy166 that 
may induce muscular fatigue or cause further increase in muscular tone. Ankle 
foot orthoses can be prescribed to assist dorsiflexion of the foot in order to facili-
tate gait pattern. The use of these orthoses does not, however, seem to affect gait 
speed26, 136 but instead diminishes the self-perceived limitations in walking.123 Or-
thoses assisting hip flexion seem promising since they have been reported to im-
prove gait performance evaluated with a timed 25-foot walk, Timed Up and Go, 
and a 6-minute walk test.148 Some situations require certain levels of gait speed 
such as, for example, when safely crossing a street. In Stockholm, a speed at 
1.2m/s is required for crossing a signalised intersection before the red light comes 
on, but the corresponding standard in Europe is 1.4m/s.151 

Limitations in walking ability are well recognised in PwMS45, 70, 72, 91, 96 
and are also present in the early course of the disease11, 87. This is reported to be 
the most important disability in persons with benign or moderate MS.66 Examples 
of limitations in walking ability are reduced walking distance, walking on a slope 
or uneven surface, and walking in crowds or in traffic. 
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Walking disability may restrict activities in daily living,44 participa-
tion in social activities44, 50 and work,50 while maintained mobility facilitates per-
forming activities in daily living and socialising with family and friends.50 Experi-
encing difficulties with walking, as rated using the 12-item MS Walking Scale, is 
also related to lower levels of physical activity.99 Environmental factors such as 
having shops and transit stops within walking distance and accessibility to free or 
low-cost facilities influence the actual distance walked positively.41 

1.6 Balance 
Balance is a complex motor skill requiring central processing of vestibular, visual 
and somatosensory information in order to activate the musculoskeletal system to 
produce coordinated eye movements, posture, stance and locomotion. The con-
cept of balance has been described to cover four subdivisions of motor skills in-
corporating postural control 1) on a stationary basis, 2) in voluntary movements, 
3) in involuntary movements, and 4) in external perturbations.122 All of these 
subdivisions may be negatively affected in PwMS143 and should consequently be 
recognised and targeted in physiotherapeutic interventions aiming to restore bal-
ance function. Different approaches have been evaluated in experimental clinical 
trials with reported positive effects.25, 64, 141 Balance function per se is not catego-
rised in ICF but is, instead, incorporated in different activities.173 

Balance is often negatively affected in PwMS55, 58, 87, 96, 114, 143 and limi-
tations may be present even in the absence of clinical disability.87 Problem with 
balance has been reported as the most common symptom alongside walking dis-
ability, followed by fatigue and bladder dysfunction.70 Forty-eight out of 58 
(83%) PwMS stated that they experienced balance problem and 40 of those re-
ported the problems as being constant. Another study55 reported that 82.5% of 
those with a progressive course of MS stated balance problems compared to 
73.4% in the relapsing-remitting subgroup. Persons with a progressive form of 
MS seem to perform somewhat worse in balance performance tests compared to 
those with a relapsing-remitting form.143 

 
 The above-mentioned symptoms are presented in Table 1. 
 
1.7 Accidental falls 
An accidental fall may be defined as ‘an unexpected contact with any part of the 
body on the ground’.157 The scientific base of knowledge concerning accidental 
falls in PwMS is accumulating,23, 51, 114, 145 but considering the impact falls may 
have in everyday life, the body of research is still rather small. PwMS are exposed 
to the risk of falling due to both their MS-specific symptoms and their limitations 
in performing activities. Attention should be paid to both individual and envi-
ronmental variables, and a multidisciplinary approach is preferable. A thorough 
evaluation of factors disposed to falls should be undertaken to guide the interven-
tions.  

The reported prevalence of falls is considerable and varies between 
31%145 and 57%.43 Several symptoms have been reported to be associated with 
falls; for example, limitation in walking and balance captured by the Equiscale,23 
the need to use an assistive device when walking,23 cognitive dysfunction,51 and 
urinary incontinence.51 Experiencing accidental falls may result in fear of falling, 
which in itself can lead to activity curtailment.114  
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To our knowledge, mainly data of retrospectively registered falls has, 
thus far, been investigated and published regarding PwMS. The participants have 
been asked to recall falls within different time frames: one month,27 two months,23 
three months,43 six months,51 and up to one year.145 The studies most commonly 
rely on self-reported data, which methodologically induce a lack of control and 
possible presence of cognitive dysfunction must be considered. 

1.8 Measurement of walking ability and balance 
There are many aspects to consider when choosing relevant measures. Obviously, 
it is vital that the measure reflects the impairments, activity limitations or partici-
pation restrictions that are of interest. Effects of interventions directed at the level 
of Body Function and Structure may also be experienced at the level of Activity or 
Participation.  

First of all, a measure must be reliable, and there are different types of 
reliability. Reproducibility describes the agreement between different observers 
(interrater reliability) or between observations made by one person (intrarater 
reliability) or by test results from separate test occasions on a patient or sample 
(test-retest reliability). Internal consistency is used to ensure that a measure includ-
ing several items actually addresses the same underlying concept.  

Secondly, a measure must be valid. Content validity determines 
whether the measure covers relevant or important content. Criterion validity is the 
correlation of a scale or a measure with a ‘gold standard’ and contains concurrent 
and predictive validity. When developing a measure that covers variables not di-
rectly observable, the underlying theory of that specific construct can be used 
(construct validity). Validity can describe how closely a measure is related to an-
other measure of the same construct (convergent validity) or how it is not related 
with a measure of a disparate construct (discriminant validity).146   

The functional level of the targeted individual or sample must be 
taken into consideration to avoid floor and ceiling effects. When evaluating ex-
pected change either originating from disease progression or regression or from 
effects of given interventions, measures’ responsiveness is important. Preferably, a 
measure should be quick and easy to administer and transferable into different 
environments. This facilitates repeated measurement enabling the observer to fol-
low the course of disease or recovery irrespective of costly equipment or premises.  

When evaluating gait pattern, thorough gait analysis requests expen-
sive equipment and laboratory facilities and is often not feasible to use in clinical 
practice. Thus, the evaluation is often performed in the clinical situation using 
descriptive terms. Likewise, postural control can be quantified in laboratory con-
ditions using a technological device even at the Body Function and Structure level. 
In clinical practice, other measures targeting Activity and Participation are often 
preferred. A simple way to evaluate walking ability is to measure the time to walk 
a certain distance at either self-selected comfortable speed or at forced speed. 
Walking distance and effort when walking can be evaluated using standardised 
tests such as the 2, 6 and 12 minute walks.19 Inexpensive and simple devices such 
as pedometers may be used to quantify distance covered and steps taken. Other 
measures reflect the subjective experiences of a certain limitation such as the 12-
item MS Walking Scale that measures perceived limitations within a variety of as-
pects in walking and balance demanding tasks66.  
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Some measures are closely related to walking but incorporate differ-
ent balance demanding tasks or basic mobility while walking. Timed Up and 
Go118 includes the task of rising up from a chair, walking 3m, turning, walking 
back and sitting down again, thus including balance performance as well as gait 
speed. Adding either a cognitive or a manual task sharpens the test.86, 139 Another 
measure is the Dynamic Gait Index that includes walking at different speeds, with 
head movements, walking around and over objects or climbing stairs.140 The Four 
Square Step Test, developed recently, requires a person to quickly step over ob-
stacles in four directions.40 Measuring refined balance tasks is possible with, for 
example, the commonly used Berg Balance Scale.12 Evidently, accidental falls can 
be used to measure balance since falling is the outermost consequence of poor 
balance.  

1.9 Rehabilitation  
Rehabilitation is described by the World Health Organization as a process that 
enables the individual to identify problems and to reach his or her optimal ability 
aiming to facilitate independence and social integration.174 In order to manage 
this, coordinated interventions supplied through a multidisciplinary approach are 
emphasised. The person receiving rehabilitation should take an active part in this 
goal-targeted and time limited process.144 This is especially important since the 
concordance in goal setting may differ between the PwMS and the rehabilitation 
team.16 The benefits of multidisciplinary rehabilitation for PwMS have been sum-
marised in a systematic review.76 The evidence is considered strong with regard to 
inpatient rehabilitation resulting in achievements at the level of activity and par-
ticipation according to the ICF. There is also strong evidence that low intensity 
rehabilitation conducted over a longer period of time positively affects quality of 
life. Although limited evidence, improvements in participation and quality of life 
are reported for outpatient and home-based rehabilitation. It is recommended 
that PwMS should undergo regular specialist evaluation to assess their needs for 
appropriate rehabilitation.76 Rehabilitation can also be used in conjunction with 
medical treatment related to exacerbations. Administrating steroids in combina-
tion with multidisciplinary rehabilitation is superior in comparison with the ad-
ministering of steroids in a standard neurology or day ward setting.35  
 
1.10 Physiotherapy 
Limitations in walking and balance are often a cause for referral to a physiothera-
pist for evaluation and intervention. Human movement throughout the lifespan is 
central in physiotherapy. Physiotherapists tailor interventions in order to reduce 
symptoms, improve or maintain function, develop strategies to manage symp-
toms, supply suitable assistive technology, promote overall health, educate and 
inform both individuals and their significant others, and to assist the person to 
achieve the highest possible level of independence.144, 167 Therapeutic exercise in 
physiotherapy, regardless of diagnosis, is beneficial and adverse events are rare. 
The exercise programmes should, preferably, be individualised and targeted.155 
There is strong evidence that exercise therapy can improve muscle power function, 
exercise tolerance functions and mobility-related activities. The evidence is moder-
ate for improvements in mood and upper extremity function with exercise ther-
apy compared to no exercise therapy for PwMS.126  

k l d d h ff h
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Increasing knowledge exists regarding the positive effects that exer-

cise may have on the CNS. Exercise may enhance neurobiological processes that 
promote brain health in ageing and disease. Regular physical activity may mediate 
favourable changes in disease factors as well as in symptoms associated with MS. 
Several favourable mechanisms induced by exercise resulting in promotion of 
neuroprotection and neuroplasticity has been described.170  

It is important to promote activity among PwMS since they may be 
less physically active than other nondiseased adults100 and since their symptoms 
may worsen due to low levels of physical activity.99 General recommendations for 
levels of physical activity have been described for PwMS.46, 113 There are a wide 
range of possibilities to participate in exercise despite having MS. Coaching a per-
son to find accurate exercise and optimal dosage lies within the area of expertise 
of physiotherapists. Those with stronger self-efficacy in relation to exercise seem 
to show greater adherence to an exercise program.90 This challenges physiothera-
pists to positively influence the persons’ beliefs in their capability to successfully 
carry out prescribed exercise programs. Considering the chronic course of MS, 
self-care management is essential; for example, PwMS need to be educated in how 
to economise with their energy and how to reduce negative symptoms themselves. 
 
1.11 Formulation of clinically based problems 
Clinical problems were formulated that were based on the common presence of 
walking and balance disabilities in PwMS combined with the physiotherapists’ 
role in relation to these disabilities. New cooling garments had been marketed and 
it was felt important to evaluate whether they could be a useful self-administered 
intervention for PwMS to counteract the worsening of symptoms due to heat-
sensitivity. The effects of a single intervention were evaluated since it was of inter-
est whether it was possible to intervene instantly if exaggerated symptoms were 
experienced due to heat sensitivity. 

Valid and reliable measures are needed to evaluate the natural course 
of events due to MS as well as the effects of interventions. Reliability needs to be 
established for each population of interest. As a clinically working physiothera-
pist, questions arose regarding what measures to use and what the most suitable 
way to administer them were. When using measures, it is necessary to know how 
to interpret the gained results in terms of establishing genuine changes. To enable 
the use of already existing self-rating scales, these need to be translated into Swed-
ish and validated.  

Based on our clinical experience, accidental falls and near fall inci-
dents are rather common among PwMS. Besides surveying the frequency of acci-
dental falls and near fall incidents, we were interested in finding variables or 
measures easily collected in clinical practice that could predict falling. With predic-
tive knowledge, those at risk of falling can be identified and proper measures can 
be taken. However, in order to tailor the interventions properly, deepened knowl-
edge about which factors cause accidental falls was sought. Consequently, it be-
came apparent that more knowledge would be gained directly from those who 
experienced falls by conducting interviews. 

 

23
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2. PURPOSE 
 

The comprehensive aim of this thesis was to gain more knowledge about walking 
ability, balance, and accidental falls in PwMS. The specific aims were to: 
 
Study I … evaluate whether primarily gait and balance were improved if 

wearing a cooled Rehband® vest during a single session in compari-
son with a single session with placebo treatment.  

 
Study II … clarify the reproducibility, the smallest percentage difference 

needed to be able to detect a genuine change, and the correlation re-
garding the 10m and 30m timed walks and the Timed Up and Go.  

 
Study III  … describe the self-perceived walking limitations experienced by 

PwMS using the Swedish translation of the 12-item MS Walking 
Scale and to investigate it for internal consistency and concurrent va-
lidity. 

 
Study IV … describe the frequency of falls and near fall incidents and circum-

stances of falls, investigate predictive values regarding falls for four 
tests and clinical variables and calculate the correlations between ret-
rospective reported falls and prospectively recorded falls.  

 
Study V … explore and describe what factors PwMS perceived as being re-

lated to accidental falls using the ICF.  
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3. MATERIALS AND METHODS 
 
3.1.1 Sampling  
In Örebro County, adult PwMS with, roughly speaking, a remained ability to 
walk are cared for at the University Hospital by a team specialised in MS. The 
studies were directed at those within similar severity of MS as those cared for by 
the MS-team. Cooperation was sought with other centres caring for PwMS to 
ensure samples large enough for the planned studies. 

Commonly, neurologists rate EDSS when performing a clinical ex-
amination. The score is documented in the medical record and may be registered 
in the Swedish MS Registry.150 Different approaches were used when identifying 
eligible persons for inclusion. At the University Hospital in Örebro (Study I-IV) 
and the Primary Health Care district of West Östergötland County (Study III-IV), 
the Swedish MS Registry was used.149 At Mälar Hospital in Eskilstuna (Study I-
IV), Sahlgrenska University Hospital (Study III-IV), and the Primary Health Care 
districts of East Östergötland County (Study III-IV), local registries, personal 
knowledge, and medical records were used. However, when conducting Study III-
IV, EDSS scores were not available at one participating centre. This led to com-
plementary assessments for six PwMS being performed for the express purpose 
of these studies by a neurologist from the University Hospital in Örebro (L-GG) 
Of those registered in the Swedish MS Registry for the year 2005-2006, EDSS was 
reported for 90% in Örebro County, and for 65% in Östergötland County.149  
 
3.1.2 Inclusion criteria 
Purposeful samples were strived for and limits of severity of MS were based upon 
clinical reasoning. In order to be able to include a 30m timed walk test (which was 
repeated three times on each test occasion), the upper limit was set at EDSS 6.0 in 
Study I to II. The lower limit in Study I to II was set at EDSS 3.0 where some limi-
tation of walking capacity is often present. For Study III to IV we decided to keep 
the upper limit but chose EDSS 3.5 as the lower limit based upon discussions on 
how to achieve a representative sample including both fallers and non-fallers. All 
persons had to be diagnosed as having MS. Specific criteria are described below 
for each study. Characteristics for each sample are presented in Table 2. 
 
Study I-II: Registered EDSS between 3.0 and 6.0 was required together with self-
reported heat-sensitivity. Ongoing exacerbation of MS and factors preventing 
persons from walking 100m, such as heart or lung disease, were considered as 
exclusion criteria.  
 
Study III: A registered EDSS between 3.5 and 6.0 was an initial inclusion criterion, 
although data from three PwMS with an EDSS within 0.5 points outside these 
limits were allowed in the analyses. The ability to walk a minimum of 10m with 
bilateral support was required (excluding rollators). Exclusion criteria were those 
with ongoing exacerbation of MS, other physical illness preventing them from 
walking, or an inability to fill in the 12-item MS Walking Scale. 
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Study IV: A registered EDSS between 3.5 and 6.0 was an absolute criterion and an 
ability to walk a minimum of 10m with bilateral support was required (excluding 
rollators). Exclusion criteria were major difficulties in understanding instructions 
or filling in the questionnaires and evident hearing or visual loss and ongoing ex-
acerbation of MS.  
 
Study V: The persons were purposefully selected according to reported history of 
accidental falls registered in Study IV. Only an extended difficulty in understand-
ing and speaking Swedish were chosen as exclusion criteria.  
  
 
3.1.3 Table 2 Characteristics of the participants for the respective study.  
 Study I-II 

(n=43) 
Study III 
(n=81) 

Study IV 
(n=76) 

Study V 
(n=12) 

Age (mean, sd) 52 (±9) 50 (±11) 50 (±10) 55(±11) 
Male/ female 13/30 20/61 19/57 1/11 
EDSS (median)  4.0  4.5  4.5 5.5 
EDSS 1-3.5 (frequency) 15 22 21 1 
EDSS 4-5.5 (frequency) 18 36 35 6 
EDSS 6 (frequency) 10 23 20 5 
RRMS/SPMS/PPMS 22/13/8 45/27/9 40/27/9 3/9/0 
RRMS: Relapsing-remitting MS; SPMS: Secondary Progressive MS; PPMS: Primary Pro-
gressive MS. 
 
 
3.2 Measures 
Measures and variables used in the studies are summarised in Table 3. A study 
specific questionnaire targeting Body Function and Activity and Participation was 
constructed for Study I. For Study II, a form was developed where near fall inci-
dents, accidental falls and circumstances when falling were registered daily. Ques-
tionnaires for relevant data were designed for the respective study. In addition, the 
measures that follow below were used. 
 
3.2.1 Measures at the level of Body Function and Structure 
3.2.1.1 Fatigue Severity Scale is a questionnaire that measures the consequences of 
fatigue containing nine statements (1-7 points). A score is calculated by adding all 
statements (9-63 points) and dividing the sum by nine.79 The person is asked to 
rate his or her fatigue, defined as ‘a sense of tiredness, lack of energy and total 
body give-out’132 Internal consistency is reported at α=0.81, test-retest reliability 
at r=0.8479 and the scale discriminates between PwMS and healthy controls.28 Fa-
tigue Severity Scale correlates with other fatigue scales78 and has been recom-
mended for clinical use when evaluating PwMS.28  
 
3.2.1.2 Modified Ashworth Scale is an ordinal scale that allows the investigator to 
measure spasticity by grading the resistance of the muscles to passive stretching.18 
It extends the original Ashworth Scale6 in order to increase the discreteness at the 
lower end of the scale by a total of six grades.18 Interrater reliability for PwMS has 
been investigated for muscles in the lower limbs using the Ashworth Scale109 and 
was found to be good ( 0.70) for the m. soleus, the m. gastrocnemius and the m. 
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psoas, and between 0.36 and 0.69 for the m. quadriceps and the knee flexors. 
The Modified Ashworth Scale has reported an interrater reliability of the elbow 
flexor muscle with agreement in almost 87% of the ratings18 for persons with le-
sions in the CNS. The interrater reliability for the Modified Ashworth Scale has 
also been investigated in a sample consisting of nine PwMS with two physiothera-
pists performing the ratings. Out of 72 tested muscle groups, 55 were graded as 
having no increase in muscle tone in the lower limbs.112 The percentage of agree-
ment was 64% for combined lower limb score but for the respective muscles, it 
was only significant for the left m. quadriceps. Despite the shortcomings of the 
scales,5 they are still widely used both in clinical practice and in research.62 Alterna-
tive measures such as the patient-based MS Spasticity Scale has recently been de-
veloped67 but has not yet been translated into Swedish.  
 
3.2.1.3 Lindmark Motor Capacity Assessment, part E 
Two sensory qualities were measured in the lower extremities: light touch and 
proprioception using part E in the modified Motor Assessment Chart according 
to Lindmark et al.84 The chart was initially developed84 and validated85 to evaluate 
functional capacity after stroke, but has been used in its entirety or partially for 
different neurological diagnosis.45, 56, 64 Light touch was tested for the feet and leg 
and proprioception was measured for the big toes, ankles and knees. The scale is 
3-graded (0-2) where 0 equals total loss of function, 1 equals disturbed sensation, 
and 2 equals normal sensation.85  
 
3.2.1.4 Clock Drawing Test measures global cognitive function by a complex 
task. It involves a wide range of cognitive functions such as planning, visuospatial 
abilities, motor programming and execution, abstract thinking, inhibition of the 
tendency to be pulled by perceptual features of the stimulus and concentration 
and frustration tolerance.138 A paper with a pre-drawn circle is given to the person 
being investigated and he or she is asked to put the numbers on the clock and set 
the time at ‘10 past 11’. Several scoring systems have been used.138 In the present 
study, severity of impairment was graded between 0 and 5 giving the highest score 
to an intact clock.138 Deficit in motor performance does not heavily affect the per-
formance and the test is considered brief enough not to induce fatigue.8, 129 The 
Clock Drawing Test is recommended as a screening instrument for early cognitive 
dysfunction.8, 129 Sensitivity for discriminating PwMS without cognitive dysfunc-
tion from those cognitively impaired is reported at 93.4% and the specificity at 
85.8%.8 
 
All above measures provide ordinal data.  
 
3.3.1 Measures at the level of Activity and Participation 
3.3.1.1 The most common distance chosen both for persons with neurological 
and other conditions when evaluating gait velocity is 10m.59, 60 The 10m timed 
walk is considered to be valid, reliable, and sensitive to change161 and has been 
recommended for measuring disability and evaluating the effect of physiothera-
peutic interventions aimed at restoring mobility in PwMS.165 Test-retest variability 
has been reported for the 10m timed walk in self-selected speed for PwMS.97, 165 
The speed increased slightly (1.6m/min) when eight trials were conducted over the 
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same day.97 An individual test-retest score for gait speed tested five times on a sin-
gle day showed a variability of 20 ±8%.165 

Differences in procedure are reported in the scientific literature re-
garding using usual or comfortable pace versus fast pace and using a dynamic 
versus still start. The use of usual pace and a dynamic start is more commonly 
reported in neurological studies and the pace significantly impacts the mean walk-
ing velocity in persons with neurological conditions.60 Using a 10m distance with 
a static start at comfortable pace has been recommended for standardising the test 
procedure.59 The 10m timed walk can also be performed with a turn at 5m,164 
which can be useful if evaluating persons in their homes.  
 
3.3.1.2 The 30m timed walk at forced speed has been described as a functional 
test that correlates to force-platform measures in healthy persons.47 The use of a 
prolonged distance (30m) provides the opportunity to evaluate whether increased 
effort, due to longer distance and higher speed, affects the reproducibility. There 
is, to our knowledge, no published reliability study regarding the 30m timed walk 
for PwMS. 
 
3.3.1.3 The Berg Balance Scale is a performance-based measure intended for indi-
viduals with affected balance. It contains 14 items, graded from 0 to 4 points with 
a maximum of 56.12 High scores indicate better balance. It was based on the 
premise that balance is the ability to maintain an upright posture under different 
circumstances. The purpose of the Berg Balance Scale is to monitor functional bal-
ance over time and to evaluate persons’ response to treatment and to predict falls. 
It addresses two dimensions of balance 1) the ability to maintain upright posture, 
and 2) to make appropriate adjustments for voluntary movement: narrowing the 
base of support, asking subjects to lean toward the edges of a base of support, 
and altering sensory input to manipulate degree of difficulty.49 High interrater 
(r=0.96) and test-retest (r=0.96) reliability has been reported in PwMS.24 A cut-off 
at <45 points is suggested to increase the relative risk of multiple falling during the 
following year with 2.7.13 When using the same cut-off in an elderly sample pre-
dicting falls during six months, a sensitivity at 53% and a specificity at 92% was 
found17 and for persons post stroke, it predicted falls with a sensitivity at 65% 
and a specificity at 65%.4 This cut-off has also been used for PwMS resulting in 
sensitivity at 40% and specificity at 90%.27 The components of the task are cate-
gorised in relation to the components of ICF in Appendix 2. 
 
3.3.1.4 Timed Up and Go was designed to measure balance, mobility, and loco-
motor performance, including the risk of falls in elderly people with balance dis-
order.118 The Timed Up and Go is a development of the Get Up and Go test88 by 
adding a time component. Time elapsed is registered from rising from a chair, 
walking 3m, turning around, walking back, and sitting down. High interrater 
reliability has been established for persons with Parkinson disease (0.87-0.99),98 
elderly medically stable persons attending a Day Geriatric Hospital (0.99)118 and 
for those with spinal cord injury (0.97).163 The Timed Up and Go test was further 
developed by adding a manual task86. By calculating the difference between Timed 
Up and Gomanual and Timed Up and Go, diffTUG is achieved. It is proposed that a 
diffTUG at 4.5s identify elderly people prone to fall,86 although less encouraging 
predictive ability is reported by others.4, 139 
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3.3.1.5 Timed Up and Gocognitive is a development of Timed Up and Go by the ad-
dition of a cognitive task; namely, subtracting 3 from a randomised number be-
tween 20 and 100.139 This allows balance to be measured during a multi-task 
condition that may resemble everyday situations more than a single-task condi-
tion does. The additive task of subtracting has also been used when measuring 
balance function in laboratory conditions and has been useful when classifying 
older persons with a mildly increased risk of falls from those without.31 Other 
cognitive tasks also seems valuable when identifying older persons at risk of fal-
ling such as reciting alternative letters from the alphabet when walking.168 Our 
hypothesis was that multi-task conditions are more likely to cause accidental falls 
than single-task conditions and, for that reason, the Timed Up and Gocognitive was 
chosen for Study IV. The components of the task are categorised in relation to the 
components of ICF in Appendix 3. 
   
3.3.1.6 Nine-Hole Peg Test is a performance-based measure of dexterity in the 
upper extremities161 recommended for PwMS.131 The person tested firstly places 
pegs in holes in a box and then removes them as fast as possible. After one trial 
attempt, the test is performed twice for both hands. A score is calculated as the 
mean value of the four tests. Both intrarater and interrater reliability in a MS-
population is reported at 0.98 respectively.130  
 
3.3.1.7 The Four Square Step Test is performance-based and measures the ability 
to quickly step over obstacles in different directions.40 Four sticks at 2.5cm height 
are placed on the floor at 90 degrees angles to each other. The person is asked to 
complete a sequence of stepping into the squares (forwards, sideways, backwards 
and sideways) first clockwise and then back again without touching the sticks and 
facing forwards, if possible. Time to complete the sequence is recorded. The Four 
Square Step Test is based on the knowledge that trips and slips are common rea-
sons why older people fall. Interrater reliability has been reported for older people 
at r=0.9940 and for those with vestibular disorders at r=0.93.171 A cut-off was 
suggested at 12s to identify persons with vestibular disorders having one or more 
risk factors for falls with a sensitivity at 80% and specificity at 92%.171 In a sam-
ple of community-dwelling adults (>65 years), the optimal cut-off was, instead, 
suggested to be 15s, giving a sensitivity at 85% and specificity at 88% for identi-
fying multiple fallers.40 A correlation has been established between the Four 
Square Step Test and the Step test (r=-0.83) and the Timed Up and Go (r=0.88) 
for community-dwelling adults.40 The components of the task are categorised in 
relation to the components of ICF in Appendix 4. 
 
3.3.1.8 The 12-item MS Walking Scale was developed as a patient-rated measure 
of walking ability.66 Twelve items were generated from patient interviews, expert 
opinion, and literature review. The person rates the extent to which his or her 
ability to walk and perform activities while standing has been affected by MS dur-
ing the previous two weeks. Each item is scored on a 1 to 5 scale and a total score 
is generated (0-100). High scores indicate a greater impact on walking ability. The 
psychometric qualities are consistently reported as satisfactory.66, 94, 101 Parameters 
other than gait speed and distance are reflected, such as the need to use support, 
the need to concentrate when walking, and the ability to stand while doing things. 
It is considered reliable and valid.66, 94, 101 Although the 12-item MS Walking Scale 
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is diagnosis-specific, it remains to have satisfactory psychometric criteria as a 
problem-specific scale after the removal of all MS-specific details and used upon 
different neurological conditions.69 The items of the scale are categorised in rela-
tion to the components of ICF in Appendix 5. 
  
3.3.1.9 Static and dynamic standing tests. The time for steady stance tests was 
tested using footprints taped on the floor to standardise positions, as described 
by Frzovic et al.: feet apart, feet together, stride stance, tandem stance and single 
leg stance.58 A maximum time of 90s was used since previous research investigat-
ing PwMS has reported a ceiling effect using a maximum testing time of 30s for 
feet apart58, 143 or feet together and stride stance.58 As a test of dynamic standing 
balance, the Step test was chosen.65 A time limit of 15s and a 17-cm-high step were 
used. 
 
3.3.1.10 The Frenchay Activity Index was originally developed for persons with 
stroke68 but was also found feasible for use in MS-populations.43 It is a 15-item 
questionnaire that mainly covers domestic chores, leisure and work-related activi-
ties, and other outdoor activities. The total score ranges from zero (low) to 45 
(high) frequency of activities.162  
 
Timed Up and Go, Timed Up and Gocognitive, the Nine-Hole Peg Test, the Four 
Square Step Test and static and dynamic standing tests supply ratio data. The 
Berg Balance Scale, the 12-item MS Walking Scale, and Frenchay Activity Index 
are considered ordinal scales.  
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3.4 Table 3 Measures used in the respective study in alphabetical order. 
Measures Study I Study II Study III Study IV Study V 
10m timed walk      
12-item MS Walking Scale      
30m timed walk      
Berg Balance Scale      
Clock Drawing Test      
EDSS      
Fatigue Severity Scale      
Four Square Step Test      
Frenchay Activiy Index      
Modified Ashworth Scale      
Modified Motor Capacity 
Assessment, part E 

     

Nine-Hole Peg Test      
One-legged stance      
Oral temperature      
Standing feet together      
Step test      
Tandem stance      
Timed Up and Go      
Timed Up and Gocognitive      
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4. DESIGN, PROCEDURE, MEASURES AND DATA ANALYSES 
 
4.1.1 Study I 
Design 
A randomised crossover trial was conducted using a washout period of seven 
days (Figure B). Varied block sizes (Örebro: 6-12, Eskilstuna: 4-8) were used as-
signing the PwMS to begin with active or placebo treatment. Active treatment 
consisted of wearing a cooled Rehband® vest while seated for 45min. Placebo 
treatment consisted of wearing a room tempered Rehband® vest instead while 
seated for 45min. The allocation was concealed using sealed envelopes. The inves-
tigators were blinded to the intervention and an attempt to blind the participants 
was conducted. The allocation schedule was followed without protocol violation.  

A power analysis based upon a 10m timed walk was performed us-
ing an 80% power to detect an estimated clinically significant change at 2s be-
tween treatments, an estimated standard deviation at 5s, and the correlation be-
tween successive measurements at 0.6s. A significance level was set at 0.05. A 
minimum sample size was set at 42 PwMS. Forty-eight PwMS were included and 
randomised and 43 completed the intervention (Figure C).  
 
Procedure  
Participating centres were Örebro University Hospital (36 randomised/32 com-
pleted) and Mälar Hospital in Eskilstuna (12 randomised/11 completed) (Figure 
C). The three physiotherapists who collected the data were trained to ensure strict 
application of the testing procedures, and a manual was available. Four measure 
points were used for the tests: directly before and after each period of active cool-
ing or placebo, respectively. The same physiotherapist administered all tests to a 
given person. A stopwatch accurate to two decimal places was used in the testing. 
The persons sat down for at least five minutes before testing started. They were 
encouraged to wear comfortable shoes and the same footwear on all test occa-
sions. The use of orthopaedic devices and walking aids was noted to ensure that 
conditions were the same on all testing occasions. Indoor and outdoor tempera-
tures were measured at each measure point in order to control for environmental 
factors. The primary outcomes were 10m and 30m timed walk in terms of time 
and stride length. Furthermore, the following measures and variables were used: 
oral temperature, spasticity, standing balance tests, Timed Up and Go, and the 
Nine-Hole Peg Test. One day after either active or placebo intervention, the 
PwMS filled in a study specific questionnaire. In the questionnaire, the PwMS 
rated presence and potential changes of fatigue, spasticity, weakness, pain, diffi-
culty with balance or transfers or dressing/ undressing or thinking clearly, gait 
disturbance, dysarthria, or over-long time to recover. The choice of included 
questions was based on earlier findings regarding subjective experiences after us-
ing a cooling garment.54 Furthermore, their general experience of wearing the vest 
was evaluated using a Visual Analogue Scale 0-100mm, as was the time when 
they experienced any possible effects from the intervention.  
 
Statistical procedure 
The analysis was performed using the differences within-persons (the measures 
after treatment minus baseline values).2 Mainly non-parametric methods were 
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chosen due the fact that data was not normally distributed. The Mann Whitney 
U-test was used to perform calculations of periodic, carry over and treatment ef-
fects for the primary outcomes including the objective variables. Analysis of peri-
odic effect compares potential differences between the periods for the two groups. 
If there is no such difference present, we expect the mean differences between the 
periods in the two groups to be equal but have an opposite sign. The treatment 
periodic or carry over effect evaluates if there is any interaction between the par-
ticipants’ mean values for the two treatment conditions. Treatment periodic effect 
or carry over effect was absent in all but two objective variables. Therefore all 
values were used in the analysis of treatment effect for the objective variables and 
for Visual Analogue Scale (VAS). Wilcoxon signed ranks tests were used for 
analysis of the study specific questionnaire, performing simple comparison of 
treatments. A paired t-test was used to analyse temperatures indoors and out-
doors. 
 
4.2.1 Study II 
Design 
A repeated measures design was used including three measure points. The PwMS 
were randomised into two groups with two different time schedules (Figure B). 
Data obtained from Study I was used. The group starting with the placebo con-
tributed with two measure points at baseline with 45min between and one meas-
ure point seven days thereafter with 45min between. The group starting with ac-
tive treatment in Study I contributed with one measure point at baseline and two 
measure points seven days later.  
 
Procedure 
Participating centres were Örebro University Hospital and Mälar Hospital in 
Eskilstuna (Figure C). The 10m timed walk test at a self-selected speed was per-
formed from a still start behind a starting line. Time was registered from when 
the command ‘Go’ was given, until the persons passed a second line. The test was 
performed three consecutive times, generating a total of 387 values. For Timed 
Up and Go, a 47 cm-high chair with arm and back supports was used. The dis-
tance was marked with tape on the floor and a cone marked the turning point. 
The persons were encouraged to walk as quickly as was consistent with safety. 
After one trial attempt, Timed Up and Go was performed twice, generating a to-
tal of 258 values. The 30m timed walk test at a forced speed was performed three 
consecutive times, generating a total of 387 values. 
 
Statistical procedure 
Reproducibility was evaluated within a single measure point as well as between 
three different measure points, and the correlation between the three different 
tests was calculated. Since the distribution of data was skewed, all calculations 
were performed using log-transformed data.  

Intra class correlation is the correlation between two measurements 
(single rating or mean value of ratings) on the same target.137 The combined col-
lected data was analysed so the effect of the data collector contributed to the 
variability of the ratings. Intra class correlation2,1 was used since it penalises sys-
tematic errors when analysing repeated measures within the same occasion, when 
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repeating the measuring after one week, and to compare the first value to the 
mean value. Intra class correlation1,1 was used to assess the correlation between 
the 10m and 30m timed walk and Timed Up and Go.  

If measurement error is present, the difference between two meas-
urements may be caused by this error and not by actual difference in perform-
ance. To determine a genuine change in performance, quantification of the small-
est percentage difference has been developed.9 Since data was not normally dis-
tributed, the smallest real ratio was instead calculated. 

 
4.2.2 Figure B 
 
 
 
 
 
 
 
 
Schedule for active treatment with cooled vest 45min, placebo 45min with a room-
tempered vest, the four test occasions in Study I, and for the three measure points used in 
Study II (shaded).  
 
4.2.3 Figure C  
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
  
 
Flowchart Study I-II. 

4.3 Study III 
Design 
A cross sectional design with data gathered at one point from a convenience sam-
ple was used. Eighty-two PwMS were included and 81 were analysed (Figure D). 

82 eligible PwMS were sent 
a letter of invitation 16 were not subjectively 

heat-sensitive  

17 declined participation  
1 was unable to be  

contacted48 were randomised  

5 dropped out during  
the study  

43 were analysed 

Placebo 
22 ˚C

Placebo 
22 ˚C

Active 
-20 ˚C

Active 
-20 ˚C

7 days 
washout

7 days 
washout

Group II 

Group I 4 

44  33  

33  22  

2 

11  

11  
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Procedure 
Participating centres were Örebro University Hospital, Mälar Hospital in 
Eskilstuna, Sahlgrenska University Hospital in Gothenburg and the Primary 
Health Care districts of West and East Östergötland County. The test procedure 
was implemented and performed at the respective unit involving seven physio-
therapists trained for securing accordance of the test procedure. The Berg Balance 
Scale, Timed Up and Gocognitive and the Four Square Step Test were performed in a 
randomised order. One practice trial was performed for the Four Square Step 
Test and Timed Up and Gocognitive followed by two performances, and the best 
values were used in further calculations. The 12-item MS Walking Scale was 
completed at the end of the session. 
  
Statistical procedure 
Kendall’s tau coefficient was used for calculations of 1) correlations between the 
12-item MS Walking Scale (S) and Timed Up and Gocognitive, the Berg Balance Scale 
and the Four Square Step Test, 2) correlations between specific items, and 3) cor-
relations between Timed Up and Gocognitive, the Berg Balance Scale and the Four 
Square Step Test. Kendalls tau measures the degree of correspondence between 
two rankings with the hypothesis being that there is no correlation between the 
rankings of the respective scale. Two-tailed tests are used since the correlation can 
be either negative (high values in one scale correlates with low values on another 
scale) or positive (the scales have the same direction).2 

Internal consistency measures if each item in a scale measures the 
same concept and was calculated using Cronbach’s alpha. The coefficient ranges 
from 0 (the items in the scale have no correlation with each other) and 1 (perfect 
correlation). When comparing groups, alpha coefficients at 0.7 to 0.8 are consid-
ered sufficient, but when evaluating individuals, values at 0.9 are recommended.14 
 
4.4.1 Study IV 
Design 
A longitudinal cohort design was conducted with prospectively collected data for 
accidental falls during twelve weeks involving five units. Seventy-six PwMS com-
pleted the study (Figure D) and were analysed. 
 
Procedure 
Participating centres were Örebro University Hospital, Mälar Hospital in 
Eskilstuna, Sahlgrenska University Hospital and Primary Health Care districts of 
West and East Östergötland County. The PwMS were tested on one occasion at 
the respective unit involving seven physiotherapists trained for securing accor-
dance of the test procedure. Information was collected on age, gender, height, 
weight, history of falling, fear of falling, avoiding activities due to fear of falling, 
use of assistive devices for walking or transferring, urinary incontinence and 
medication. Medications were later classified (L-GG) for possible side effects e.g., 
dizziness, tiredness or reduced blood pressure. The test procedure included ex-
amination of sensory touch, proprioception and spasticity all in the lower ex-
tremities, fatigue and cognition.  

The Berg Balance Scale, Timed Up and Gocognitive and the Four Square 
Step Test were performed in a randomised order in blocks of six within each cen-
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tre using a computerised random-number generator. One practice trial was per-
formed for the Four Square Step Test and Timed Up and Gocognitive followed by 
two performances and the best values were used in further calculations. A ran-
dom-number table was used for the numbers chosen in the Timed Up and Gocogni-

tive. The 12-item MS Walking Scale was completed at the end of the session. Daily 
self-registry of falls and near fall incidents followed during twelve weeks. Every 
fortnight, data for two weeks were sent to one of the authors (YN) who made 
reminder phone calls if the data did not return in the scheduled time. In order to 
describe the circumstances when falling, pre-categorised alternatives and one 
open alternative ‘other’ were used. After completion of the twelve weeks, a fol-
low-up telephone call was made. The PwMS were then asked to recall the number 
of actual falls during the twelve-week period to investigate the correlation be-
tween actual falls and retrospective falls.  
 
Statistical procedure 
Spearman’s rho was calculated to assess agreement between prospectively col-
lected data and retrospectively reported data for accidental falls during the study 
period of twelve weeks and between the number of falls and near fall incidents.2 
The variables were ranked and then correlated. Spearman’s correlation was used 
since data was not normally distributed. 

Since established cut-offs for the respective test or variables investi-
gated were not available for PwMS, they were chosen in order to maximise the 
sum of sensitivity and specificity for calculation of predictive values. The percent-
age of correctly identified fallers and non-fallers were reported as sensitivity and 
specificity. The Youden Index was calculated (sensitivity + specificity –1). 

Positive predictive value is the proportion of persons with test results 
above (below for Berg Balance Scale) the cut-off that are correctly classified as 
fallers. Negative predicted value is the proportion of persons with test results be-
low (above for Berg Balance Scale) the cut-offs that are correctly classified as non-
fallers.3  

The likelihood ratios summarises how many times more (or less) 
likely a person that experiences accidental falls has test results worse or equal to 
the cut-offs. Likelihood ratios above 10 or below 0.1 are considered strong.37 The 
ratio describes the probability of a specific test result in, for example, fallers to 
the probability in non-fallers63. Positive likelihood ratio is the ratio of the propor-
tion of fallers correctly classified as fallers divided by the proportion of non-
fallers incorrectly classified as fallers. Positive likelihood ratio is calculated as sen-
sitivity/(specificity-1) and shows how much the odds increase for being a faller 
with a positive test result. Negative likelihood ratio is the ratio of the proportion 
of fallers incorrectly classified as fallers divided by the proportion of non-fallers 
correctly classified, and is calculated as (1-sensitivity)/specificity.63 

Simple logistic regression analysis was used to identify clinical vari-
ables related to falls (as they would be potential confounders) and for the investi-
gated measures. Multiple logistic regression analysis was used to evaluate the test 
effect while adjusting for the clinical variables found to be significantly related to 
falling. Odds are a way of describing the ratio of the probability that the event of 
interest occurs to the probability that it does not.15  
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Nagelkerke’s R2 was used as a measure of explanatory value for 
comparisons between the tests and the clinical variables.103 It is a measure of the 
proportion of variance explained by the regression model (Table 12). 
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4.4.2 Figure D  
 
 
 
 
 
  
 
    
 
 
    
 
 
 
 
 
 
 
 
 
 
 
Flowchart Study III-IV. 
 
 
 

82 PwMS included 
and tested  

4 PwMS were excluded due 
to violation of inclusion  
criteria (EDSS, age) 

2 PwMS dropped out  
directly at study start 

81 PwMS were finally  
analysed in Study III 

76 PwMS were finally  
included in Study IV 

1 excluded due to violation of 
inclusion criteria (age) 
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4.5 Study V 
Design 
A qualitative content analysis with a mainly deductive approach was used to ana-
lyse the text material achieved by the interviews.42 The ICF173 was used as a 
framework both to create an interview guide and to analyse data. Nineteen 
PwMS had reported at least one fall during a twelve-week period (Study IV). 
Since then, one had died and two had moved outside the county. Four persons 
declined participation due to personal reasons. Consequently, data from twelve 
PwMS living in Örebro County were gathered during semi-structured interviews. 
 
Procedure 
Before the interviews, background data was collected including the Frenchay Ac-
tivity Index.68 The interviews were conducted by one of the authors (YN). The 
interview guide was derived from the ICF’s domains and the focus was repeatedly 
placed on falls. The focus of the interviews was the individual’s perception of 
which factors they thought either prevented or triggered accidental falls. Loca-
tions of the interviews were voluntary. Of twelve persons, nine were interviewed 
in their homes and three at Örebro University Hospital. The opening question 
was: “You were invited to participate since you have reported experiencing falls. 
Can you please tell me as much as possible about the circumstances when you 
fall?“ The interviews took 30 to 60min, were tape-recorded and transcribed ver-
batim. The transcribed interviews were analysed in the steps described below. 
NVivo software121 was used as support. 
 
Data analyses 
The following steps were taken during the analyses of the interviews: 
 

1. The transcribed interviews were read in their entirety to obtain an overall 
picture.  

2. Categories were created and defined inductively, independently of ICF, us-
ing a pilot interview in order to ensure that statements, which might not fit 
ICF critera and thereby impede the validity of the results, would not be 
missed. 

3. The categorisation of the statements in the pilot interview was discussed 
with a co-author (KB), resulting in refined categories. The ongoing inter-
views were then coded and new nodes were created when needed and defi-
nitions were refined.  

4. The created categories were matched with ICF, resulting in further analysis 
where some existing categories were merged or divided in order to match 
ICF definitions. Each category was, thus, named and defined according to 
the ICF. The categories were placed into the ICF model, and relationships 
within the model were considered. The statements in each category were 
concentrated into a running text and several quotes were initially chosen 
to illustrate the categories. The texts of the separate categories were then 
reread in several steps, moving back and forth between the text and the 
output of the content analysis, checking for consistency in coding. From 
earlier selected quotes, those reflecting the categories content the most 
were finally chosen.  
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5. The categories were then ranked according to the number of informants 
having reflected upon issues related to each node and upon the amount of 
paragraphs coded for the separate nodes.  

6. The matrix coding queries- function121 was used to investigate potential 
differences or similarities depending on attribute variables such as type of 
MS, and whether living in an apartment or in a house, living alone or liv-
ing with a partner. 

 
All steps of the analytic procedure were continuously discussed with a co-
author until consensus was reached (KB).  

 
4.6 Ethical considerations 
Ethical approval and advisory opinion was obtained for the included studies from 
the Regional Ethics committee in Uppsala. Participation in the studies was volun-
tary and written informed consent was received. The choice to participate or not 
in the studies did not affect the access to care of the participants and they were 
informed of their right to terminate their participation at any time.  
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5. RESULTS  
 
5.1.1 Study I  
Statistically significant improvements were found, both objectively measured and 
subjectively rated, when using a cooled Rehband® vest (Table 4-5). Statistically 
significant subjectively rated improvements were found for fatigue, spasticity, 
weakness, balance, gait, transfers, ability to think clearly and time to recover (Ta-
ble 4). Improvements were found for the 10m and 30m timed walks and for 
Timed Up and Go as well as for the one-legged stance and tandem-stance right 
(Table 5). No statistically significant differences were found for oral temperature, 
objectively graded spasticity, standing with feet together, tandem stance left, the 
step test, the Nine-Hole Peg Test, pain, dressing/ undressing or dysarthria (Table 
4-5). 
 
5.1.2 Table 4 Subjective experiences of effects of receiving placebo and active 
cooling treatment. Frequencies and p-values are reported. N=43, except in the 
active cooling group for effect on dysarthria and thinking clearly where n=42. 

 

 

Symptoms Placebo Active cooling garment P-values 
 Less of Same More of Less of Same More of   

Fatigue 2 34 7 24 16 3 <0.001*** 

Spasticity 1 41 1 21 19 3 <0.001*** 

Weakness 0 39 4 21 22 0 <0.001*** 

Pain 0 43 0 6 36 1 0.059 

Balance problems 0 40 3 22 20 1 <0.001*** 

Gait disturbance 1 39 3 27 14 2 <0.001*** 

Transfers 1 40 2 16 27 0 <0.001*** 

Dressing/undressing 1 41 1 3 40 0 0.180 

Dysarthria 0 43 0 0 42 0 1.000 

Thinking clearly 1 41 1 6 36 0 0.034* 

Time to recover 2 38 3 17 25 0 <0.001*** 
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5.1.3 Table 5 Differences between post placebo and baseline values, and for post-
active treatment and baseline values. Medians and inter-quartile ranges (25-75 
%) are given together with p-values. N=43 except for oral temperature where 
n=42. 
 
Variables Placebo Active treatment  P-values 

10m timed walk (s) 0.12 (-0.18 - 0.61) -0.30 (-1.01 - 0.12) 0.001*** 

10m timed walk (steps) 0.17 (-0.17 - 0.67) -0.50 (-0.83 - 0.08) <0.001*** 

30m timed walk (s) 0.38 (-0.26 - 1.43) -0.71 (-1.93 - 0.40) <0.001*** 

30m timed walk (steps) 0.67 (0.17 - 2.38) -1.00 (-1.92 - 0.17) <0.001*** 

Oral temperature (˚C) 0.00 (-0.10 - 0.15) -0.05 (-0.20 - 0.12) 0.426 

Modified Ashworth  0.00 (-0.50 - 0.62) -0.50 (-1.25 - 0.50) 0.296 

Standing, feet together (s) 0.00 (0.00 - 0.00) 0.00 (0.00 - 0.00) 0.720 

Tandem stance, right (s) -1.74 (-10.10 - 0.00) 0.31 (-1.06 - 4.06) 0.025* 

Tandem stance, left (s) -0.93 (-3.86 - 0.19) 0.20 (-0.66 - 3.52) 0.055 

One-leg stance, right (s) -1.14 (-3.75 - 0.30) 0.14 (-1.00 - 1.02) 0.003** 

One-leg stance, left (s) -0.01 (-1.10 - 0.52) 1.36 (-0.81 - 3.11) 0.045* 

Step test, right (steps) 0.25 (-0.50 - 1.00) 0.50 (-0.25 - 0.75) 0.990 

Step test, left (steps) 0.00 (-0.12 - 0.62) 0.50 (-0.50 - 1.00) 0.720 

Timed Up and Go (s) 0.15 (-0.48 - 0.90) -0.54 (-1.43 - 0.22) 0.003** 

Nine- Hole Peg Test score  0.32 (-2.95 - 2.83) -0.25 (-2.85 - 2.57) 0.990 
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5.1.4 Clinical message - Study I 
Objective and subjective effects were found when wearing the Rehband vest® in-
dicating clinically relevant results likely to have a positive effect on everyday life 
and thus encourage an active life-style. 
 
5.2.1 Study II  
The reproducibility of the 10m and 30m timed walk tests and Timed Up and Go 
was very high. An intra class correlation coefficient at 0.97-0.98 was found within 
a single measure point. The corresponding coefficient between measure points was 
0.91-0.93 (Table 6). Comparisons between first attempts, mean values of timed 
gait tests and best value of Timed Up and Go as calculated using Intra Class Cor-
relation1,1 revealed correlations at 0.99 to 1.0 (Table 7). These results were pro-
duced independently of EDSS above 4.0 or not. 
 
5.2.2 Table 6 Test retest results as calculated with Intra Class Correlation2,1

 pre-
sented at a 95% confidence interval, using the results of the first attempt at the 
respective measure point. 
 30m timed walk 10m timed walk Timed Up and Go 
Total 0.93 (0.89 0.96) 0.92 (0.86 0.95) 0.91 (0.83 0.95) 
EDSS 3.0-4.0 0.96 (0.92 0.98) 0.87 (0.74 0.94) 0.84 (0.66 0.93) 
EDSS 4.5-6.0 0.89 (0.77 0.95) 0.91 (0.82 0.96) 0.88 (0.76 0.95) 
 
 
5.2.3 Table 7 Comparisons between first attempts; mean values of timed gait tests 
and best value of Timed Up and Go as calculated with Intra Class Correlation2, 1 

presented at a 95% confidence interval.  
 30m timed walk 10m timed walk Timed Up and Go 
Total  1.00 (0.99 1.0) 0.99 (0.95 1.0) 0.99 (0.93 1.0) 
EDSS 3.0-4.0 0.99 (0.98 1.0) 0.98 (0.77 1.0) 0.96 (0.69 0.99) 
EDSS 4.5-6.0 1.00 (0.99 1.0) 0.98 (0.96 1.0) 1.00 (0.98 1.0) 
 
 
To be able to detect a genuine change, an improvement of –23% to –29% or a 
deterioration of +30% to +40% is needed (Table 8). However, the size of this 
change differed depending on EDSS. For less severely affected persons (EDSS 3.0-
4.0), a smaller percentage increase or decrease was required, especially for the 30m 
timed walk in comparison with more severely disabled persons.  
 
5.2.4 Table 8 The smallest percentage difference required for detecting a genuine 
change is presented for the 10m and 30m timed walk tests and for Timed Up and 
Go. The first attempts from the two baseline sessions were used. 
 30m timed walk 10m timed walk Timed Up and Go 
Total 29 / +40 23 / +30 24 / +31 
EDSS 3.0-4.0 14 / +17 23 / +29 21 / +27 
EDSS 4.5-6.0 38 / +60 25 / +33 27 / +36 
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The correlation between all the three measures was high (0.85) (Table 9). The 
correlation between the timed walk tests and Timed Up and Go was lower for 
those with EDSS 3.0-4.0 compared to those with EDSS 4.5-6.0  
 
5.2.5 Table 9 Correlations between the test results as calculated with Intra Class 
Correlation1,1 presented at a 95% confidence interval. Values from the first at-
tempt in the first testing session were used. 
 All tests 30m / 10m 30m / TUG 10m / TUG 
Total 0.85 

(0.76 0.91) 
0.85 

(0.74 0.92) 
0.85 

(0.74 0.92) 
0.83 

(0.71 0.91) 
EDSS 3.0-4.0 0.76 

(0.59 0.88) 
0.85 

(0.69 0.93) 
0.72 

(0.45 0.87) 
0.70 

(0.42 0.86) 
EDSS 4.5-6.0 0.83 

(0.67 0.92) 
0.81 

(0.56 0.92) 
0.83 

(0.61 0.93) 
0.85 

(0.66 0.94) 
TUG: Timed Up and Go 
 
5.2.6 Clinical message – Study II 
Due to the high correlations, the choice of using only one measure and using only 
one attempt seems sufficient. Severity of MS (EDSS) is of importance when esti-
mating the smallest real ratio needed to establish a genuine change, especially if 
using the 30m timed walk test.   
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5.3.1 Study III  
Walking ability was rated as limited in a majority of the investigated persons. 
Apart from perceived reduction in gait speed and distance, the qualitative aspects 
of walking were perceived as being limited (Table 10).  
 
5.3.2 Table 10 Median (M) and interquartile range (25-75%), frequency distribu-
tion and percentage reported for the items in the MS Walking Scale: n=81, except 
for item 6 where n=80. 
Item 1- 12 Not at 

all 
=1 

A little 
 

=2 

Mode- 
rately 

=3 

Quite 
a bit 
=4 

Extre-
mely 
=5 

1. Limited your ability to walk?  
M=4 (3-4) 

7 
(8.6) 

12 
(14.8) 

15 
(18.5) 

34 
(42) 

13 
(16) 

2. Limited your ability to run?  
M=5 (5-5) 

3 
(3.7) 

2 
(2.5) 

2 
(2.5) 

7 
(8.6) 

67 
(82.7) 

3. Limited your ability to climb up and 
down stairs? M=4 (3-4) 

6 
(7.4) 

9 
(11.1) 

20 
(24.7) 

28 
(34.6) 

18 
(22.2) 

4. Made standing while doing things 
more difficult? M=3 (2-4) 

9 
(11.1) 

19 
(23.5) 

22 
(27.2) 

22 
(27.2) 

9 
(11.1) 

5. Limited your balance when standing 
or walking? M=3 (3-4) 

4 
(4.9) 

9 
(11.1) 

30 
(37) 

27 
(33.3) 

11 
(13.6) 

6. Limited how far you are able to walk? 
M=4 (4-5) 

4 
(5.0) 

6 
(7.5) 

9 
(11.3) 

29 
(36.3) 

32 
(40.0) 

7. Increased the effort needed for you to 
walk? M=4 (3-5) 

5 
(6.2) 

8 
(9.9) 

12 
(14.8) 

33 
(40.7) 

23 
(28.4) 

8. Made it necessary for you to use sup-
port when walking indoors? M=3 (2-4) 

17 
(21.0) 

16 
(19.8) 

17 
(21.0) 

15 
(18.5) 

16 
(19.8) 

9. Made it necessary for you to use sup-
port when walking outdoors? M=4 (1-5) 

22 
(27.2) 

5 
(6.2) 

8 
(9.9) 

19 
(23.5) 

27 
(33.3) 

10. Slowed down your walking?  
M=4 (2-5) 

8 
(9.9) 

13 
(16.0) 

6 
(7.4) 

24 
(29.6) 

30 
(37.0) 

11. Affected how smoothly you walk?  
M=4 (3-5) 

5 
(6.2) 

9  
(11.1) 

13 
(16.0) 

18 
(22.2) 

36 
(44.4) 

12. Made you concentrate on your 
walking? M=4 (3-5) 

6 
(7.4) 

5 
(6.2) 

15 
(18.5) 

25 
(30.9) 

30 
(37.0) 

 
The internal consistency was acceptable for nine of the twelve items (0.69-0.84) 
Lower values were obtained for items regarding abilities to run, to climb up and 
down stairs and standing activities (0.56-0.62). 

The correlations calculated between the 12-item MS Walking Scale 
and the investigated objective tests were low; the Berg Balance Scale (r=-0.368), 
Timed Up and Gocognitive  (r=0.319) and the Four Square Step Test (r=0.338). This 
was also the case between different items of the 12-item MS Walking Scale and 
test results from Timed Up and Gocognitive, the Four Square Step Test or items from 
the Berg Balance Scale (r=-0.184 – 0.385). 
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5.3.3 Clinical message – Study III 
The 12-item MS Walking Scale captures several aspects of perceived limitations in 
walking ability among PwMS and can be used for clinical and research purposes. 
The scale provides complementary information to the Berg Balance Scale, Timed 
Up and Gocognitive and the Four Square Step Test. 
 
5.4.1 Study IV  
Forty-eight persons (63%) reported a total of 270 accidental falls during a 
twelve- week period and 2.352 near fall incidents. Most falls occurred during the 
afternoon when performing daily activities (Table 11). Two persons reported hav-
ing a fracture as a consequence of falling during the study period. 
 
5.4.2 Table 11 Circumstances and frequency of reported activities when falling; 
n=270. 
 
Circumstance Frequency % 
Time  Morning 

Afternoon 
Evening  
Night 
Missing or unclear data 

69 
94 
51 
7 
49 

31 
43 
23 
3 
 

    
Self-perceived 
fatigue  

Not at all 
As usual 
Somewhat more than usual 
Much more than usual 
Missing or unclear data 

24 
86 
89 
23 
48 

11 
39 
40 
10 
 

    
Being in a hurry  
 

Not at all 
As usual 
Somewhat more than usual 
Much more than usual 
Missing or unclear data 

103 
81 
48 
1 
37 

44 
35 
21 
<1 

    
Reported  
activities 
 
 

Personal hygiene 
Working in the kitchen 
Cleaning indoors 
Working outdoors 
Physical activities/ leisure pursuit 
Other activities 
Missing or unclear data 

19 
31 
24 
24 
63 
57 
52 

9 
14 
11 
11 
29 
26 
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Sum of falls and sum of near fall incidents were moderately correlated at r=0.57. 
The correlation between retrospectively and prospectively collected data regarding 
falls was r=0.82 (Figure E). 
 
 
5.4.3 Figure E 
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Correlation (r=0.82) between retrospectively recalled falls and registered falls; n=61. 
 
 
EDSS, spasticity, use of walking aid and proprioception differed significantly 
between fallers and non-fallers (Table 12). When adjusting for these variables, the 
measures were not significantly related to falling (Table 13).  
 
5.4.4 Table 12 Possible effect modifying clinical variables.  
Self-reported data Non-fallers 

n=28 
Fallers 
n=48 

Odds Ratio 
 (95% CI)  

R2 

Age, years (mean, range) 50 (32-75) 50 (25-71) 1.00  
(0.96; 1.05) 

0.000 

Body Mass Index, kg/m2,  
(median, range) 

24 (18-33) 24 (18-36) 1.02  
(0.91; 1.16) 

0.003 

EDSS (median, range) 4.0 (3.0-6.0) 5.0 (3.5-6.0) 1.99  
(1.22; 3.40) 

0.133 

Fatigue Severity Scale  
(Median, Range) 

6.5 (1.9-9.0) 6.5 (1.7-9.0) 0.98  
(0.77; 1.25) 

0.000 

Spasticity (median, range) 2.0 (0-14) 4.0 (0-28) 1.14  
(1.02; 1.31) 

0.089 

Gender, Male 6 (21) 13 (27) 1.36  
(0.46; 4.37) 

0.005 

History of falling 12 (43) 29 (60) 2.04  
(0.80; 5.34) 

0.066 

Urinary incontinence 17 (61) 32 (67) 1.08  
(0.41; 2.80) 

0.000 
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Self-reported data Non-fallers 
n=28 

Fallers 
n=48 

Odds Ratio 
  (95% CI) 

RR22 

Cognitive dysfunction 9 (32) 21 (44) 0.99 (0.65; 1.46) 0.000 
Medication with potential  
side-effects1 

18 (64) 33 (69) 1.22 (0.45; 3.27) 0.003 

MS type Relapsing 
remitting 

17 (61) 23 (48) Ref 0.022 

 Secondary 
progressive 

8 (29) 19 (40) 1.76 (0.63; 5.13)  

 Primary pro-
gressive 

3 (11) 6 (12) 1.48 (0.34; 7.79)  

Fear of  
falling 

No  9 (32) 22 (46) 0.95 (0.57; 1.58)3 0.001 

 Some  
 

11 (39) 12 (25)   

 Moderate 8 (29) 10 (21)   
 Extreme 0 (0) 4 (8)   
Avoidance Never 8 (29) 15 (31) 1.04 (0.66; 1.65)3 0.001 
 Seldom 7 (25) 11 (23)   
 Sometimes 11 (39) 15 (31)   
 Often 2 (7) 7 (15)   
Walking aid None 9 (32) 4 (8) 2.27 (1.23; 4.37)2 0.120 
 Indoors or 

outdoors 
5 (18) 8 (17)   

 Both indoors 
and outdoors 

14 (50) 36 (75)   

Disturbed 
superficial 
touch 

Feet 12 (43) 25 (52) 1.45 (0.57; 3.76) 0.011 

 Leg 11 (39) 26 (54) 1.83 (0.72; 4.81) 0.028 
Disturbed 
propriocep-
tion 

No 14 (50) 10 (21) 2.50 (1.36; 5.12)2 0.158 

 Big toes 12 (43) 21 (44)   
 Ankles 0 (0) 11 (23)   
 Knees 2 (7) 6 (12)   

Descriptive statistics and odds ratios for falling reported with 95% confidence intervals. 
Frequencies (%) are given unless otherwise stated. 1Fatigue, dizziness and/or reduced 
blood pressure; 2Odds ratio for each step of the ordinal scale; R2: Nagelkerke 
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5.4.5 Table 13 Medians, ranges and, odds ratios (95% CI) for falling per test. 
OR (95% CI) Tests Non-fallers 

n=28 
Fallers 
n=48 Simple1 Multiple2 

R2 

Berg Balance 
Scale 

51  
(28-56) 

48  
(9-56) 

0.92  
(0.86; 0.98) 

0.94  
(0.85; 1.01) 

0.116 

Timed Up 
and Gocognitive 

13  
(8-33) 

17  
(8-69) 

1.05  
(1.00; 1.13) 

1.00  
(0.95; 1.08) 

0.066 

Four Square 
Step Test 

14  
(9-48) 

18  
(8-93) 

1.05  
(1.01; 1.12) 

1.02  
(0.98; 1.09) 

0.118 

12-item MS 
Walking 
Scale 

58  
(0-96) 

75  
(0-100) 

1.03  
(1.01; 1.05) 

1.01  
(0.98; 1.04) 

0.128 

1 Simple logistic regression; 2 multiple logistic regressions adjusted for EDSS, propriocep-
tion, spasticity and use of walking aid; R2 Nagelkerke. 
 
 
Of all the investigated test, the Berg Balance Scale was the most sensitive (per-
centage correctly identified for fallers with the respective cut-offs) at 94% (Table 
14, Figure F) followed by Timed Up and Gocognitive (73%) (Table 14, Figure G). 
The self-reported need to use walking aids had a sensitivity of 75%. The highest 
specificity (percentage correctly identified for non-fallers) for the test was the 12-
item MS Walking Scale (Table 14, Figure H) at 82%. Similar results were ob-
tained by using the clinical variables proprioception in the lower extremities 
(93%), EDSS (82%) and spasticity (71%).  

Highest positive predictive values were found for proprioception, the 
12-item MS Walking Scale, EDSS and the Four Square Step Test (81-90%) (Table 
14) and the best negative predictive values were for the Berg Balance Scale (75%) 
(Table 14, Figure I). 

Highest positive likelihood ratios were reported for proprioception 
(5.0), the 12-item MS Walking Scale (2.9), EDSS (2.7), and the Four Square Step 
Test (2.4). The highest negative likelihood ratio was found for proprioception 
and EDSS. When comparing the scales and variables regardless of cut-offs, we 
found the best explanatory values for proprioception followed by EDSS (Table 
12) and the 12-item MS Walking Scale (Table 13).  
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5.4.7 Figure F   
 

 
 
The Berg Balance Scale correctly identified 94% of those who fell in our sample using a 
cut-off at 55points (sensitivity). 
 
 
5.4.8 Figure G  
 

 
 
Timed Up and Gocognitive correctly identified 73% of the fallers using a cut-off at 13.6s 
(sensitivity). 
 
 
5.4.9 Figure H 
  

 
 
82% of the persons scoring below the cut-off at 75 on the 12-item MS Walking were 
correctly identified as non-fallers (specificity).  
 
 
5.4.10 Figure I  
 

             
 
 
 
 
 
 
Percentages of those with a test result worse than the respective cut-off and that actually 
fell during the study period (positive predictive values). 
 

Berg Bal-
ance Scale 

55p 

Timed Up 
and Gocognitive 

13.6s 

Four Square 
Step test  

16.9s

12-item MS 
Walking 

Scale 75 
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The odds for falling are presented for the 1st to 4th quartile (Figure J) with the re-
spective cut-offs (Table 15). In general, the worse performance of the tests, the 
greater the odds of falling.  
 
5.4.11 Figure J  
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Odds for falling divided into quartiles for the respective scale and EDSS. For exact val-
ues, see table 15. FSST: Four Square Step test; BBS: Berg Balance Scale; TUG: Timed Up 
and Gocognitive; MSWS: 12-item MS Walking Scale. 
 
 
 
5.4.12 Table 15 Odds for falling divided into quartiles for the respective scales 
and EDSS shown in Figure J. 
Tests 1st  

quartile 
2nd 

quartile 
3rd 

quartile 
4th 

quartile 
Four Square Step Test (s) -12 12.1-17 17.1-24 24.1 
Berg Balance Scale (p) 9-41 42-49 50-53 54-56 
Timed Up and Gocognitive (s) -12.0 12.1-15.2 15.3-21.4 21.5-69.4 
12-item MS Walking Scale (score) -49 50-67 68-81 82-100 
EDSS 3-3.5 4-4.5 5-5.5 6 
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5.4.13 Clinical message – Study IV 
The Berg Balance Scale identified the highest proportion of fallers and the 12-item 
MS Walking scale identified the highest proportion of non-fallers. If a PwMS has 
disturbed proprioception or spasticity in the lower limbs, reports a need to use a 
walking aid both indoors and outdoors increasing the odds of falling, a risk 
analysis should be performed considering the increased odds of falling. 
 
If a PwMS:  
 * scores 55points or less on the Berg Balance Scale, the probability that he or she 
will fall is 70%. 
 
* scores 75 or more on the 12-item MS Walking Scale, the probability that he or 
she will fall is 83%. 
 
* needs 16.9s or more to complete the Four Square Step Test, the probability that 
he or she will fall is 81%. 
 
* needs 13.6s or more to complete the Timed Up and Gocognitive, the probability 
that he or she will fall is 73%. 
 
 
5.5.1 Study V  
The persons described factors perceived as risk factors for accidental falls not 
previously established in MS populations in relation to falls. Those factors were 
divided attention, reduced muscular endurance, fatigue and heat-sensitivity. 
  
5.5.2 Quotes: 

”So it’s easy to walk and think about something else and look at some-
thing else. Yes, when I come across something that gets in the way,.. 
maybe it’s someone who talks to me, getting in the way, or anything 
really, … I find it difficult to walk and get wobbly… because I’m not 
just concentrating on walking.” 

 
”Falling … I do that more when I’m physically tired.” 

 
”I’ve never fallen in the forenoon or rather it happens more in the eve-
ning because by then I’ve used up all my energy and I can’t manage to 
stand on my legs any longer. ” 

 
”Yes, I can’t bear heat so it’s really… well, … I can’t deal with it the 
same as I manage during the winter… because the heat just exhausts me 
more than anything else…. Oh, while I’m thinking about it, I’ve noticed 
that I’ve often got problems with cramp and I get it much more in the 
summer. ” 

 
In addition, previously reported risk factors such as changed gait pattern, limited 
walking ability, impaired proprioception, seeing and, spasticity were described. 
Walking, recreation and leisure, maintaining and changing body position, lifting 
or carrying, taking care of the home, washing of the body, moving around, pre-
paring meals and housekeeping were limited. 
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”Yes, it’s really hard if I come across a mass of people; yes, so it is, … 
but I wouldn’t manage without the sticks (Nordic walking poles). In 
any case, sometimes you don’t even think you’ll come across a mass of 
folk that you might have to jostle your way through”. 

 
”It’s things like when I’m standing, washing my face,… as soon as I 
shut my eyes mainly .. that’s when I fall.”   

 
”I can’t lift heavy pots. I don’t bring hot food to the table. ” 

 
”So we don’t have guests so often - and if you don’t invite some people 
to your house you don’t get invited out very much. This has become 
something I just can’t do. ” 

 
 
Having access to supportive persons and using assistive device were considered to 
reduce falls. Unsuitable physical environment and climate conditions were con-
sidered to induce falls. Several preventative strategies were described to partially 
compensate for the impairments, limitations and restrictions. The ability to use 
adequate preventing strategies and to adapt to the life situation was described and 
classified as personal factors (Figure K). 

 
 
”It means an awful lot, so it does. It’s not just support, it’s mental 
support too…- that you have someone with you that knows you’re 
a bit wobbly and doesn’t question it.” 

 
”… because if I stumble a little or something like that, my sticks 
(Nordic walking poles) get me steady again”. 

 
”I walk near walls. It’s quiet good because you’ve always got some-
thing there close by. You really need to take it very carefully with 
everything at home. It’s a bit harder outside but I walk all the time 
and watch the ground properly. ” 

 
”Even though it’s hard, I need to figure all these things out myself. 
It doesn’t matter what others say you should do about this or that, 
you’ve got to let it mature, allow it… I guess it’s first and foremost 
not just to feel: ‘I’m so lazy since I haven’t done more than this” … 
but rather it’s an achievement that I’ve managed to do this. Al-
though it’s taken many years!” 
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5.5.3 Figure K  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Factors described as being connected with accidental falls and their interaction using the 
International Classification of Functioning, Disability and Health; presented with the 
category identified by most informants first. 
 

Impairment of Body Function  
Attention (b140) 
Muscular endurance (b740) 
Heat-sensitivity (b5501) 
Gait pattern (b770) 
Fatigue (b1300) 
Seeing (b210) 
Proprioception (b260) 
Muscle tone (b735) 
Blood pressure (b410)

Activity   Participation 
limitation                 restriction 
Walking (d450) 
Recreation and leisure time (d920) 
Maintain and change body position (d410-20) 
Lifting and carrying (d430) 
Taking care of home (d650) 
Washing the body (d510) 
Move (run, climb,) (d455) 
Move around indoors (d460) 
Preparing meals (d630) 
House holding (d640) 
Handling stress (d240) 
Dressing (d540) 
Driving (d475) 
Shopping (d620) 
Work and occupation (d840)

Environmental factors 
Supportive persons (e310-e355) 
Assistive devices (e120, e1151) 
Climate (e225) 
Attitudes (e420-e445) 
Private building (e155) 
Public building (e150) 
Sounds (e250)

Personal factors 
Preventing strategies  

- organise and plan activities 
- adjust or replace activities 
- choose to use assistive devices  
- choose the environment 

 

Adapt to life situation

Barriers  (inducing falls)  
Unsuitable physical environment 
High temperature 
Icy and snowy weather 
Not having or using assistive devices

Facilitators  (preventing falls) 
Having supporting persons 
Having assistive devices 
Suitable physical environment 

Health condition 
Multiple Sclerosis 
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5.5.4 Clinical message – Study V 
With the knowledge of what factors PwMS perceive as being related to accidental 
falls, physiotherapists may tailor interventions to decrease the risk of falling. The 
interventions may be directed at all levels of the ICF and include, for example, 
hands-on treatment, physical exercise, task-specific training, prescription of assis-
tive devices, information and education. By taking advantage of the different pro-
fessional expertise in a MS-team, all aspects can be scrutinised. 
 
This message was given by one person at the end of Study IV illustrating some of 
the factors perceived as being related to falls:  
 

” Hi! 
 

Now 12 weeks have gone and I’m sending my last correspondence to you. This 
time has been useful for me (hope it’s also been the same for you). This time has 
got me thinking about why I fall. 

 
I’ve come to the conclusion that I shouldn’t be in such a hurry or lose concentration 
when I’ve been still for a longer time because that’s when I get so stiff. I also need 
to think about lifting my feet properly so that I don’t stumble on the edge of the 
rug or something like that. I shouldn’t turn my head too fast either when I’m mov-
ing around otherwise I’ll fall flat. 

 
Greetings from 302” 
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6. GENERAL DISCUSSION AND IMPLICATIONS 
 
6.1 Results summary 
Working as a physiotherapist in a team caring for PwMS raises many clinical 
questions. Increased knowledge within a few areas of interest has been gained by 
conducting the studies within this thesis, although much research remains to be 
done. This is a summary of our findings. 

We suggest using cooling garments as a self-administered intervention 
where adverse events are unlikely to occur and that heat-sensitive PwMS may 
benefit from.105 When using timed 10m or 30m walking tests or Timed Up and 
Go, one attempt is sufficient, and in most cases, one of the tests can be chosen to 
save both time and energy. We present limits for establishing a genuine change for 
Timed Up and Go and for the 10m and 30m timed walk tests. If a person walks 
30% slower in the 10m or 30m timed walk tests or performs the Timed Up and 
Go at a 40% slower rate, a genuine deterioration is established. A genuine im-
provement is established when the PwMS (EDSS 3.0-6.0) walks 23-29% faster 
when performing the investigated tests.104  

By using the 12-item MS Walking Scale, different self-perceived as-
pects of walking limitations are captured.66 Limitations in walking were stated by 
the majority (89-96%) of the investigated sample (EDSS 3.5-6.0). The need to use 
support was stated by 73% when walking indoors and by 79% when walking 
outdoors. The scale seems to capture aspects other than the Berg Balance Scale, 
Timed Up and Gocognitive and the Four Square Step Test do, since concurrent validity 
was not established between the 12-item MS Walking Scale and these tests.107 The 
scale may contribute with valuable information since it reflects the subjective per-
spective of the limitations. 

We found a prevalence of falls at 63% that indicates the importance 
of recognising and intervening against falls in PwMS (EDSS 3.5-6.0). Two hun-
dred and seventy falls and 2.352 near fall incidents were reported. In the investi-
gated sample, the Berg Balance Scale had the highest sensitivity (9 %) followed by 
reported use of a walking aid indoors and outdoors (75%) and Timed Up and Go 
(73%). The highest specificity was found for loss of proprioception (93%), the 12-
item MS Walking Scale (82%), EDSS (82%) and the Four Square Step Test (75%). 
Loss of proprioception (90%), the 12-item MS Walking Scale, EDSS and the Four 
Square Step Test (81-83%) presented the best positive predicted values. Negative 
predictive values were, in general, lower than the positive values, with the excep-
tion of the Berg Balance Scale (75%).108 The PwMS identified variables not earlier 
targeted in research as being the cause of falls in MS populations. This applies to 
divided attention, reduced muscular endurance, fatigue and heat-sensitivity.106  
 
6.2 Results discussion 
The actual differences in time achieved at group level in performance between post 
placebo and baseline values and post active treatment and baseline values when 
wearing a Rehband® cooling garment may be scrutinised for clinical relevance. 
For example, for the 10m and 30m timed walk, the difference was highly statisti-
cally significant but the difference was only 0.42s and 1.09s, respectively. The 
largest time differences were found for tandem stance right (2s) and for one legged 
stance right (2.28s) between the different conditions. We argue that since the ob-
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jectively measured improvements are in parity with those subjectively rated, these 
differences were also clinically relevant. Improvements in walking after the use of 
a cooling garment have also been reported in other studies.34, 54, 134  

Walking speed is often used as a clinical measure as well as in re-
search to evaluate interventions or to determine changes in functional status. The 
findings in Study II are in line with otherwise published research.74, 77, 133, 165 For the 
10m timed walk, a difference at approximately 20-30% is considered as a genuine 
change104, 165; similar to that reported for a 25-foot timed walk at 20%.74, 77, 133 
With a longer distance, such as the 30m timed walk, larger differences are needed 
(29-40%) and seem to vary depending on the severity of MS.104 A test retest reli-
ability for 10m timed walk at approximately r=0.91-0.92 seems plausible when 
evaluating PwMS.104, 112  

The mean walking speed of the investigated PwMS in Study I and II 
was 1.15-1.17 m/s104, 105, which is markedly slow. The following reference values 
have been reported for healthy persons aged 20 to 69 years: women walking at 
self-selected speed 1.54–1.35m/s7 or 1.24-1.16 m/s110 and for men 1.59-1.47m/s7 
or 1.23-1.28 m/s.110 Reference values for a fast walking speed are reported as 1.63-
1.64s for men and 1.69-1.56s for women. Likewise, the time to complete Timed 
Up and Go was longer (mean value 12.5-13.9s) for the PwMS compared to that of 
published normative values (mean value 5.31-7.24s) for healthy persons aged 20-
69.71  

The relevance of using walking speed as an outcome variable of an 
intervention may be questioned. To walk faster may in fact be a compensatory 
strategy for a person with balance problems. On the other hand, to walk slower 
may be a successful adjustment in order to gain more control over movements 
and possibly prevent evolvement of additional spasticity. Other aspects of walk-
ing may, therefore, be of interest to evaluate. 

The 12-item MS Walking Scale addresses limitations in running, stair 
climbing, balance, walking distance, effort when walking, the need to use support 
or assistive device, smoothness in walking and the need to concentrate when 
walking.66 The use of patient-based measures may help capture limitations possi-
bly not reflected by objective measures. The internal consistency for items rating 
limitations in running, climbing stairs and, standing while doing something, was 
not satisfactory. Better values could possibly be obtained if investigating a sample 
without restrictions regarding EDSS, since the original scale was developed to 
include all PwMS regardless of EDSS; although those unable to walk at all will 
just tick a box indicating this on the form. It could also be argued that the item 
that has the limitations of standing activities should be dismissed since the scale 
measures limitations in walking ability. The remaining nine items all had an alpha 
coefficient around 0.7 but below 0.9. Consequently, the scale is primarily rec-
ommended for use at group level. The scale has been revised by withdrawing all 
MS-specific terms and tested in a population consisting of different neurological 
diseases with promising results.69   

The prevalence of accidental falls was found to be 63%, which is 
higher than previously reported.23, 27, 43, 51, 145 There are also some disparities for 
the predictive value of some variables compared to that reported by Finlayson et 
al.51 where we found no significant association with falling for gender, presence 
of bladder incontinence, medication intake, or fear of falling. However, we found 
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an association for spasticity that was opposite to the findings of Cattaneo et al.23 
Unambiguous agreement is found for the association between the need to use 
walking aids and accidental falls.27, 108, 145 If detecting those prone to falls is more 
important than detecting those who are not prone, proprioception measured by 
the modified Motor Capacity Assessment, part E was the most promising vari-
able, followed by 12-item MS Walking Scale in the investigated sample. All inves-
tigated tests, proprioception, spasticity, the need for using of walking aids, and 
EDSS had positive predictive values that exceeded the prevalence of falling at 
63%. Two persons reported having had a fracture during the study period, and 
fractures are the most commonly reported injury after experiencing a fall, at least 
for PwMS aged 55-94 years.115  

Frequency of falling among healthy persons in the age corresponding 
to that of the sample in Study IV is not published, to our knowledge. A fall fre-
quency at 27% within one year for elderly persons ( 65 years) is reported, which 
is lower than that found for PwMS.23, 43, 51, 145 
 
6.3 Methodological discussion 
This thesis includes PwMS with limitations for registered EDSS. Thus, the gener-
alisability of the findings should be considered for persons or samples with simi-
lar severity of MS. By using a multi-centre approach in Study I-IV, sufficient sam-
ple sizes were achieved and the generalisation of the results were also reinforced 
by having participants from five different centres. The distribution of gender in 
the respective studies were, with the exception of Study V, in parity with the es-
timated ratio of at least 2:130 with more women affected than men. 

A general weakness of the studies is that EDSS was mainly achieved 
from medical records or registries instead of rated at the time for the test occa-
sions. It is possible that the actual EDSS has changed in either direction for an 
individual since it was last registered. It could be suggested that where there is a 
more active progression in MS, a more frequent contact with the neurologist can 
be expected, thereby giving an updated EDSS, whilst with a more sedentary 
course of MS, longer periods of time may have elapsed since the latest rating of 
the EDSS score. However, it is most probable that the EDSS could be somewhat 
higher than earlier registered for the total study group due to the time factor and 
the progressive feature of the disease. Neurologists at the respective unit did the 
ratings primarily. Agreement between raters on the EDSS has been reported to be 
69%.135 It is uncertain as to whether or not these above mentioned aspects inflict 
the results. 

Besides being used as an inclusion criterion and as a descriptive vari-
able of the samples, EDSS was used in the analyses in Study II and IV. A distinc-
tion between those having a more severe MS within the study group depending 
on EDSS was used for calculations of test-retest reliability, correlation between 
tests, and when calculating the smallest percentage difference to detect a genuine 
change for timed walk tests and Timed Up and Go.104 EDSS was also used for 
calculations of predictive values for accidental falls.108  

The recruitment of study participants in some centres was facilitated 
by the use of the Swedish MS Registry.149 Since registration is voluntary, the grade 
of coverage is not perfect. Those registered were easily identified as eligible for 
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participation. Otherwise, local registries personal knowledge of the patient was 
crucial for identification.  

The measures used in the studies reflect both objective and subjective 
perspectives of PwMS. Only the 12-item MS Walking Scale66 is patient-specific. 
The other measures used are symptom or task specific, and some of them have 
been recommended when evaluating PwMS: Fatigue Severity Scale28, the Clock 
Drawing Test8, 129, the 10m timed walk test165 and the Nine-Hole Peg Test.131 The 
ceiling effect found using the Berg Balance Scale is noteworthy when evaluating 
PwMS (EDSS 3.5-6.0), since the cut-off for predictive values was close to the 
maximum score (55/56p).  

The chosen measures targeted Body Function and Structure, and Ac-
tivities and Participation according to the ICF.173 The Berg Balance Scale, Timed 
Up and Go, Timed Up and Gocognitive and the Four Square Step Test are classified 
by their developers as being performance-based.12, 118, 139 They can be used in dif-
ferent settings and environments i.e., rehabilitation units, acute care, Primary 
Health Care, the patient’s home, and so on. However, according to the definitions 
of the ICF,173 they do not measure performance but rather capacity.  

Average daily steps taken may measure the level of physical activity, 
and for PwMS who walked either with or without a cane, the average daily steps 
measured by pedometer ranged from 1.190 to 19.473 with an average of 5.887 
steps per day,41, 160 which is considered to be low active.159 Information of daily 
estimated walking distance was asked for in Study IV since it was believed that 
persons with a more active lifestyle were more exposed to the risk of falling. A 
more sedentary life style could, on the contrary, be a result of having experienced 
falls. Unfortunately, there were major difficulties for the PwMS to estimate their 
walking distance, which became apparent both from phone calls and the filled in 
forms. Thus, we had to exclude walking distance in the analyses. The difficulties in 
estimating one’s maximum walking distance are confirmed by others. Overestima-
tion is reported at 43-47% and underestimation at 36-37%.36, 127 Ringel reported 
that only 21% of 100 PwMS made accurate estimations of the maximum walking 
distance.127 Créange et al. measured the correlation between patients’ estimation of 
their maximal walking distance and the distance measured by a global positioning 
system odometer. Although a statistically significant correlation was found at 
r=0.41, the error (objective minus subjective walking capacity) ranged from –
6.419m to +3.950m.36 The capacity of walking also differs within the sub samples 
of PwMS according to their EDSS. PwMS with an EDSS score at 3.5-4.0 have been 
reported to have a maximum walking distance between 2.310m and 670m in a 
study by Creange et al., while the corresponding distance for those with EDSS 5.5-
6.0 ranged from 1.850m to 468m.36 It is a challenge to find relevant and accurate 
measures for performance. Suggestions within the area of walking are, for exam-
ple, pedometers. 

Randomised controlled trials are preferred when evaluating interven-
tions. Power calculations are performed to ensure the inclusion of a sufficient 
number of participants to answer the research questions. By predetermining the 
sample size, type II errors can be avoided. In Study I, it was not considered possi-
ble to reach the estimated sample size if conducting a parallel group design, so a 
randomised crossover design was chosen instead. The within-subject comparison 
in crossover analyses is considered to be an advantage. It is important to establish  
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the time for the washout period between interventions to eliminate a carry over 
effect. Seven days were chosen since it seemed most unlikely that any effect of the 
cooling garment could be sustained for this long and since it seemed practically 
possible for the participants to visit the Department of Physiotherapy at this in-
terval.  

Blinding of the patient and the person who measures the effect, as 
well as of the person that provides the intervention, is considered to be important 
so as not to transfer any expectations of the effect. To achieve successful blinding 
of the patients is often problematic when evaluating rehabilitative or physio-
therapeutic interventions. It might also be difficult to identify and differentiate the 
different supposedly beneficial components within, for example, physiotherapy.172 
Blinding of the patient was strived for in Study I105 by not giving any information 
with regard to whether or not the garment was cooled at the respective session. 
The success rate of the blinding could have been measured but was not since it 
was considered that it might possibly draw unnecessary attention to the different 
temperatures provided. The problem with obtaining accurate blinding of the pa-
tients is a weakness of this study.  
 A repeated measure design was used in Study II104 that investigated 
the 10m and 30m timed walk and Timed Up and Go. The timed walk tests were 
measured three times on each occasion, and the Timed Up and Go was measured 
twice since this was compatible with standard procedure in clinical practice. 
When measuring the time to walk a certain distance at either ‘self-selected speed’ 
or at ‘forced speed’, the actual choice of speed is left to the person performing the 
tests. It is possible that walking at ‘self-selected speed’ is a distinguishing feature 
in an individual and, therefore, unlikely to change easily. Timed walk tests are, 
however, commonly used for a vast number of diagnoses. The repeatability of the 
tests is important to be aware of since it guides both how many repetitions we 
chose to measure and how we interpret the results. 
 The translation process of the 12-item MS Walking Scale followed 
the steps outlined by Streiner & Norman.146 The participants filled in the scale 
after having performed the Berg Balance Test, the Four Square Step Test and 
Timed Up and Gocognitive in a randomised order. By filling in the scale while super-
vised by a physiotherapist, certain clarification or help with reading the questions 
could be given if needed.  

The objective measures were chosen for different reasons. Together 
they cover several aspects of balance function. The Berg Balance Scale12 is com-
monly used and familiar to physiotherapists working with persons with neuro-
logical diagnoses in general. The Four Square Step Test40 is a rather new test that 
provides information of ability of rapidly stepping over obstacles. It does not re-
quire extensive equipment and is quickly administered. The Timed Up and Gocogni-

tive139 requires divided attention and, therefore, seems highly interesting when 
evaluating PwMS. The measures and separate items or subcomponents of the 
measures seemed relevant when validating the 12-item MS Walking Scale.  
 A longitudinal cohort study with prospectively collected falls was 
conducted to evaluate the predictive values of four measures and clinical vari-
ables.108 The major criticism of the study is that no predetermined cut-off values 
were used. A power calculation was initially performed using the Berg Balance 
Scale with a 95% confidence interval and a cut-off at 45 of 56 points. It was be-
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lieved that 75% of the study population would have 45 points and 25% 46, 
and it was assumed that 20% with 46 points would fall at least once in 3 
months. If 60% with 45 fell, there would be a need for 68 persons to reach 80% 
power. By considering a dropout rate of 20%, 82 PwMS were to be included. 
However, since defined cut-offs were not available when planning the study, we 
later decided to create cut-offs to maximise the sum of the sensitivity and the 
specificity. Thus, the analyses were not performed according to the initial power 
calculation. Instead, MS-specific cut-offs are presented for future research and 
clinical practise. It was believed that the impairments of Body Function and Struc-
ture, as well as the limitations of Activities and Participation, were different in 
PwMS compared to previously investigated populations for whom the cut-offs 
had been established earlier. Cut-offs must be determined for separate popula-
tions as reflected by the different cut-offs suggested for the Four Square Step Test: 
12s for persons with vestibular disorders,171 15s for community-dwelling adults 
over 65 years,40 and 24s for persons with unilateral transtibial amputation.39 The 
cut-off we present at 55 points for the Berg Balance Scale is close to that reported 
as being most optimal (54 points) for community-dwelling people in a prospective 
study.102  

Daily registration of accidental falls was asked for but it was not 
possible to control the compliance to this instruction. It is also possible that the 
participants interpreted the definition of ‘near fall incident’ in different ways de-
spite the provided definitions. Actual falls are more likely to be interpreted in a 
similar way between the participants but the reporting of falls was also collected 
by self-registration.  
 A qualitative content analysis design with mainly deductive approach 
was chosen to study factors perceived as related to accidental falls in PwMS.106 
Using the ICF173 when designing the interview guide and coding the data governed 
the choice of using a deductive approach. A manifest analysis seemed appropriate 
due to the focus and perspective of the research question. A description of the 
obvious components of the communication was strived for, rather than interpret-
ing the underlying meaning of the text. The use of a framework supplying stan-
dardised operational definitions was believed to increase the reliability. Interviews 
seemed appropriate resulting in richer data compared to, for example, question-
naires. The fact that the informants were aware that the interviewer was a physio-
therapist might be seen as either strength or a weakness. It could be argued that 
persons reveal specific information to a physiotherapist depending on previous 
experience gained in earlier professional meetings. On the other hand, good 
knowledge of the symptoms when having MS could be advantageous. The com-
puter software NVivo121 was used during the analytic procedure and this facili-
tated moving back and forth from the entirety of the text to the categories. 

An effort was made to relate the conducted studies to ICF in order to 
facilitate communication. The ICF is based on a biopsychosocial model and offers 
a standardised language and framework to describe health and health related is-
sues.173 Differentiation between activities and participation was, however, not 
strived for during the analyses. To be able to do this, there must be an explicit 
purpose to enable the researcher to account for that aspect throughout the study.  
Our intention was to explore and describe factors perceived as related to acciden-
tal falls rather than the consequences of experiencing accidental falls. Limitations 
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in activities may or may not restrict participation depending on environmental 
factors such as the use or non-use of assistive device, which, in turn, can be re-
lated to personal factors such as coping strategies. A limitation may restrict one 
person but not another person. Health can be seen as a successful identification 
and management of limits and possibilities of the different parts of ICF, and ICF 
can, thus, be an effective tool in Health Care.   
 
6.4 Future research 
The effect of wearing a cooled Rehband® vests was tested with the persons rest-
ing.105 From a physiotherapeutic perspective, it would be most interesting to 
evaluate the effects of using the vests in combination with exercise. It is possible 
that the exercise tolerance may be enhanced by using a cooling garment while 
training. 

The Swedish translation of the 12-item MS Walking Scale107 could be 
modified and evaluated in persons with different neurological diagnoses, as was 
done with the original version by Holland et al.69 Further evaluation of validity 
and reliability could also be conducted both for the original scale66 and for the 
generic version.69  

Since the cut-offs in Study IV108 were based on the same data as was 
used for the evaluation of the predictive abilities of the scales, further research is 
needed to verify them. Preferably, such studies should use prospectively collected 
data for falls to eliminate the risk of recall bias.  

Measures capturing those factors not earlier targeted in MS popula-
tion in relation to falls could be used in future clinical practice as well as when 
planning intervention studies of falls i.e., divided attention, muscular endurance, 
fatigue and heat-sensitivity. To develop and evaluate a fall-chart based on the 
obtained knowledge is challenging.  

The results from Study IV108 and V106 reveal that several things may 
cause accidental falls. This calls for tailored interventions targeting several com-
ponents of the ICF, which can be provided tentatively by professional expertise 
within MS-teams. 
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7. CONCLUSIONS 
 
Walking and balance ability are often affected when having MS, and these and 
other disabilities may be exaggerated by heat. For those experiencing heat- 
sensitivity, the use of Rehband® cooling garments may provide positive effects on 
everyday life.  

In clinical praxis and for research purposes, the 10m and 30m timed 
walk and Timed Up and Go may be used to objectively measure walking ability. 
When evaluating PwMS (EDSS 3.0-6.5), it is sufficient to choose one of the meas-
ures since the correlations are high; it is also sufficient to use just one attempt 
since the reproducibility is high. To establish a genuine change, a smallest percent-
age difference at approximately –23% or +31% for the 10m timed walk and 
Timed Up and Go is needed. The smallest percentage difference needed to detect a 
genuine change in the 30m timed walk test differed depending on the severity of 
MS. With EDSS ≤4, the difference should exceed –14% or +17% compared to  
-38% or +60% with an EDSS >4.  

The 12-item MS Walking Scale provides supplementary information 
regarding qualitative components in walking limitations that are common in 
PwMS. The scale is translated into Swedish and is available for clinical and re-
search purposes.  

Accidental falls and near fall incidents occur rather commonly in 
PwMS (EDSS 3.5-6.0). Several clinical variables and measures can contribute to 
identify those at risk of falling. Penetrating the need to use assistive devices, de-
termining the EDSS score, testing proprioception and spasticity, and using objec-
tive and subjective measures will provide help when identifying possible fallers.  

Additional knowledge about what may cause accidental falls was 
achieved by data derived directly from those who fell. Attention was brought to 
the importance of factors such as divided attention, muscular endurance, fatigue 
and heat-sensitivity.  
 
 

69
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8. IMPLICATIONS 

There is some evidence that the use of a cooled Rehband® vest has positive ef-
fects at group level. The vests are used in clinical practice for PwMS cared for at 
the hospital. The purpose may be to achieve a general effect of the cooling or to 
tolerate exercise better. Different vests are lent out for a test period to those that 
are interested in buying them. In Örebro County, a cooling garment is, unfortu-
nately, not considered as a free assistive device.  

In clinical practice, we have reduced the trials to one for the 10m 
timed walk and the Timed Up and Go. Values of smallest percentage differences 
needed to evaluate whether a genuine change is established. This information can 
be used to evaluate changes in performance and provide information used in the 
decision process for initiation medical or physiotherapeutic measures, and to 
evaluate treatments of medical and physiotherapeutic character. 
 The Swedish translation of the 12-item MS Walking Scale is seen as a 
complement to objective measures when evaluating walking. The patient com-
pletes the scale either at home before the visit to the clinic or during the visit. 
 Checklists including predictive variables can be produced to supply 
more information regarding who is, and who is not, at risk of accidental falls. 
This improves the possibility for identifying those at risk. The additional informa-
tion regarding factors and situations that cause or prevent falls can be used to 
survey the problem and when planning and conducting interventions. 
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Expanded Disability Status Scale                                                            Appendix 1 
0 Normal neurological exam 
1.0 No disability, minimal signs in 1 FS (grade 1) 
1.5 No disability, minimal signs in more than 1 FS (grade 1 in 2 or more FS) 
2.0 Minimal disability in 1 FS (1 FS grade 2, others 0 or 1) 
2.5 Minimal disability in 2 FS (2 FS grade 2, others 0 or 1) 
3.0 Moderate disability in 1 FS (1 FS grade 3, other 0 or 1), or mild disability in 3-

4 FS (3-4 FS grade 2, others 0 or 1) though fully ambulatory 
3.5 Fully ambulatory but with moderate disability in 1 FS (1 FS grade 3) and 1-2 

FS grade 2; or 2 FS grade 3; or 5 FS grade 2 (others 0 or 1) 
4.0  Fully ambulatory without aid, self-sufficient, up and about some 12 hours a 

day despite relatively severe disability consisting of 1 FS grade 4 (others 0 or 
1), or combinations of lesser grades exceeding limits of previous steps.  Able to 
walk without aid or rest some 500m 

4.5 Fully ambulatory without aid, up and about much of the day, able to work a 
full day, may otherwise have some limitation of full activity or require minimal 
assistance; characterised by relatively severe disability, usually consisting of 1 
FS grade 4 (others 0 or 1) or combinations of lesser grades exceeding limits of 
previous steps. Able to walk without aid or rest for some 300m 

5.0  Ambulatory without aid or rest for about 200m; disability severe enough to 
impair full daily activities (e.g. to work full day without special provisions). 
(Usual FS equivalents are 1 grade 5 alone, others 0 or 1; or combinations of 
lesser grades usually exceeding steps for step 4.0) 

5.5 Ambulatory with out aid or rest for about 100m, disability severe enough to 
preclude full day activities. (Usual FS equivalents are 1 grade 5 alone, others 0 
or 1; or combinations of lesser grades usually exceeding specifications for step 
4.0) 

6.0 Intermittent or unilateral constant assistance (cane, crutch or brace) required 
walking about 100m with or without resting. (Usual FS equivalents are combi-
nations with >2 FS grade 3+) 

6.5 Constant bilateral assistance (canes, crutches or braces) required walking 
about 20m without resting. (Usual FS equivalents are combinations with >2 FS 
grade 3+)  

7.0 Unable to walk beyond 5m even with aid, essentially restricted to wheelchair; 
wheels self in standard wheelchair and transfers alone; up and about in wheel-
chair some 12 hours a day  

7.5 Unable to take more than a few steps; restricted to wheelchair; wheels self but 
can not carry on in standard wheelchair a full day; may require motorized 
wheelchair 

8.0  Essentially restricted to bed or chair or perambulated in wheelchair; but may 
be out of bed itself much of the day; retains many self-care functions; generally 
has effective use of arms  

8.5 Essentially restricted to bed much of the day; has some effective use of arm(s); 
retains some self-care functions.  

9.0 Helpless bed patient; can communicate and eat 
9.5 Totally helpless bed patient; unable to communicate effectively or eat/ swallow 
FS: Functional System      
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Appendix 2                                                             Berg Balance Scale 
Items ICF 

codes 
Explanations to codes 

1: ‘Stand up. Try not to use your 
hands as support’ 

d4103 To sit down and rise up from sitting  

2: ‘Stand for 2 minutes without sup-
port’  

d4154 To maintain a standing position 

3: ‘Sit with your arms crossed for 2 
minutes’  

d4153 To maintain a sitting position 

4: ‘Sit down’ d4104 To take and leave standing position or 
change position from standing such as sit-
ting.  

5: ‘Move from one chair to another 
and back, use your hands as little as 
possible’  

d4200 Transfer in sitting without changing the 
body position 

6: ‘Close your eyes and stand still for 
10 seconds’  

b260,  
b235 
d4154  

Proprioceptive function 
Vestibular balance function 
Maintain standing position 

7: ‘Put your feet together and stand 
still without support’  

d415 To maintain a body position 

8: ‘Lift your arm to 90 degrees. Ex-
tend your fingers and lean forward 
as far as you can’  

d4452 
 
d4106 

To use hands and arms to reach out, touch 
(and grip) something  
To adjust and change the distribution of 
body weight in standing 
 

9: ‘Pick up the shoe on the floor in 
front of you’  

d430 
d4105 

Lift and carry objects 
To lean the body downwards or sideways 
such as when bending and reaching for 
something 

10: ‘Twist and look directly behind 
your left shoulder. Repeat to the 
right’  

d4 
 

Transfers 
 

11: ‘Turn 360 degrees. Stop. Turn 
360 degrees in the other direction’  

d4 Transfers 

12: ‘Put your feet alternately at the 
stool. Keep on until each foot 
touched the stool 4 times’  

d4 
 

Transfers 
 

13: ‘Put one foot directly in front of 
the other. If you can’t place it there, 
try to put it so that your heel on the 
forward foot is in front of the other 
foot’s toes’  

d4104 
 
d415 

To intake or leave standing position    
Maintain body position 

14: ‘Stand on one leg as long as you 
are able to without support’  

d4104 
d415 

To intake or leave standing position   
Maintain body position 
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Timed Up and Gocognitive                                                                                                                       Appendix 3
Subcomponents  ICF codes Explanations to codes 
rise from the chair d4103 Sit down or rise from sitting to standing 
walk 3 metres d4500 Walking <1km 
turn around d4508 Walking, ‘turning around’ 
walk back d4500 Walking <1km 
sitting down d4130 Sit down or rise from sitting to standing 
subtracting b1720 Simple arithmetic calculation 
 

         
Four Square Step Test                                                                                 Appendix 4
Subcomponents  ICF codes Explanations to codes 
Stand with or without unilateral sup-
port from assistive device 

d4154 To maintain a standing position 

Step over obstacle to the right d4 Transfer 
Step over obstacle backwards d4 Transfer 
Step over obstacle to the left d4 Transfer 
Step over obstacle forwards d4 Transfer 
 
                             
The 12-item MS Walking Scale                                                                  Appendix 5
Items ICF codes Explanation of codes 
1. …limited your ability to walk d450 Walking 
2. …limited your ability to run d4552 Moving around ‘running’ 
3. …limited your ability to 
climb up and down stairs 

d4600 Moving at home  

4. …made standing while doing 
things more difficult 

d4-6  Transfers, Personal care, Home life 

5. …limited your balance when 
standing or walking 

d4-6 Transfers, Personal care, Home life: nd  

6. …limited how far you are 
able to walk 

d4500-01 Walking distance 

7. …increased the effort needed 
for you to walk 

 
d450 

‘Effort‘ nd 
Walking 

8. …made it necessary for you 
to use support when walking 
indoors 

d4600-01 
 
d465 

Move in one’s home or other buildings 
To move with device, for example,  
rollator 

9….made it necessary for you to 
use support when walking out-
doors 

d450  
d4602 

Walking 
Move outside the home 

10. …slowed down your  
walking  

d450 Walking 
‘Speed’ nd 

11 …affected how smoothly 
you walk 

b770 Gait pattern 
‘Smoothly‘ nd 

12 …made you concentrate on 
your walking 

b140 
b450 

Attention function 
Walking 

nd = not defined
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