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SUMMARY ENGLISH

Neuromuscular disorders encompass a variety of sub groups in which impaired muscle strength is
the principal symptom, that in most cases are caused by mutations in genes that affect the
neuromuscular unit. Despite very different phenotypes, a common feature to all neuromuscular
disorders is the impact on muscle strength, which influences all domains of function as defined in
the International Classification of Function, disability and health. When the consequences of a
neuromuscular disorder is evaluated, it is thus necessary to describe both capacity — defined as the
impact on body functions - and capability — the impact on activity and participation. This puts
demands on the assessment methods used for evaluation, which alone or in combination should be
able to provide a holistic picture of the patient.

The two disorders of interest in this thesis are spinal muscular atrophy (SMA) and congenital
myopathy (CM). SMA represents a group of very weak patients in whom the natural course of
disease hasn’t been well described due to lack of responsiveness in the methods used for evaluation
of impairment and activity. Congenital myopathy is an umbrella term that covers a range of
subtypes with similarities and differences but with experienced fatigue as a general clinical
symptom, which seems to impact activity and participation, although this has never been
investigated systematically.

The four studies encompassed by this thesis investigated how the characteristic features in the two
disorders can be evaluated. The results from studies I-111 contribute to the knowledge on the natural
history of SMA, and to the knowledge about which clinical assessment methods are the most
applicable to evaluate impairment and activity in these weak patients. The results suggest that upper
limbs - where muscle strength and functions are best preserved in SMA - should be the area of
focus if changes over time or results of interventions should be evaluated. Study IV concerns the
impact of fatigue as perceived by patients with SMA and CM. The hypothesis of fatigue being a
problem in patients with CM was confirmed, and the applicability of an existing instrument to
evaluate fatigue in the two disorders was illustrated. Experienced fatigue is easy to assess and

provide important information on impact of function from the patients’ perspective.



DANSK RESUME

Neuromuskulare sygdomme eller muskelsvind er en betegnelse for en reekke sygdomsgrupper, hvor
hovedsymptomet er nedsat muskelkraft forarsaget af genetiske mutationer, der pavirker funktionen
af den motoriske enhed. Der er stor variation i graden af nedsat muskelkraft afhsengig af den
enkelte muskelsvindstype, men det er en falles betingelse, at den nedsatte muskelkraft har
konsekvenser for funktionsevnen, som denne er beskrevet i den internationale klassifikation af
funktionsevne, funktionsevnenedseattelse og helbredstilstand.

Nar man skal undersgge konsekvenserne af at have en neuromuskulaer sygdom, er det saledes
ngdvendigt at beskrive savel pavirkning af kropsfunktion som pavirkning af funktion pa aktivitets -
og deltagelsesniveauet. Det stiller krav til de metoder, man anvender til undersggelsen, idet
metoderne hver for sig eller i feellesskab skal kunne give et fuldt og deekkende billeder af patienten.
| dette studie har der veeret fokus pa to forskellige neuromuskulaere sygdomme, spinal muskel atrofi
(SMA) og kongenit myopati (CM). Diagnosen SMA omfatter en gruppe patienter med en vasentlig
pavirkning af muskelkraften. Sygdomsforlgbet er ikke vel beskrevet, hvilket til dels skyldes at de
undersggelsesmetoder, der har veeret anvendt ikke har veeret tilstreekkelig fglsomme til at beskrive
funktionsevnen og &ndringer i denne. Kongenit myopati er en overordnet diagnose, der rummer en
raekke undertyper med savel ligheder som forskelle. Det er imidlertid generelt, at patienter med CM
oplever, at treethed er en faktor, der influerer pa de daglige funktioner og har stor betydning i
hverdagen. Dette er aldrig blevet undersggt.

De fire studier, der er omfattet af denne afhandling, undersgger hvordan de karakteristiske treek ved
de to former for neuromuskulaere sygdomme kan evalueres og beskrives. Resultaterne fra studierne
I-111 bidrager med viden om naturhistorien ved SMA og hvilke kliniske undersggelsesmetoder, der
kan anvendes til at undersgge og beskrive funktion hos personer med meget lidt muskelkraft.
Resultaterne viser, at muskelkraft og funktion er bedst og leengst bevaret i armene, og at malinger
derfor skal koncentreres om armene, hvis der skal opfanges forandringer over tid eller som resultat
af en behandling.

Studie 1V undersgger, hvordan patienter med SMA og CM oplever treethed og treetheds indflydelse
pa hverdagsfunktioner. Resultaterne bekrafter hypotesen om, at patienter med CM oplever traethed
som et problem, og studiet viser, at en eksisterende metode til at undersgge treethed kan anvendes
ved de to typer af neuromuskulaere sygdomme. Oplevet treethed er nemt at undersgge og giver

vigtig information om pavirkning af funktionsevnen set fra patienternes synspunkt.
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INTRODUCTION

Neuromuscular diseases are a group of hereditary disorders that affect different parts of the
neuromuscular unit, which include the spinal cord motor neurons, the peripheral nerve, the
neuromuscular junction and the muscles. The degree of physical impairment is dependent on the
specific type of disorder. Since no cure has been found, treatment aims at minimizing the
consequences of the primary muscle weakness and to preserve functional ability at all stages of the
disease. The overall aim is that the patients can reach or sustain their optimal level of independence
and function [United Nations 1994]. In order to develop and evaluate interventions that make this
possible, it is essential to have a documented knowledge of the natural history of the specific
disease and a thorough understanding on how functional ability is influenced by the disease and
related factors.

The overall aims of the clinical examination are to determine the extent of physical
impairment, to monitor the course of the disease and to evaluate the impact on the patients’ daily
life. This examination is the patient’s first contact with the hospital and is central for the supportive
examinations that are initiated to reach a diagnosis. The assessment methods that are used to
evaluate the neuromuscular patients therefore need to be adequately informative to quantify the
characteristics of the individual disease, and adequately sensitive to discriminate among patients
and register any gain or loss of function. To be relevant and meaningful for the patient, it is also
important that the assessments reflect the patient’s function in the perspective of daily living
[Fowler 1982]. To reflect the impact of a disease is thus not only a matter of measuring capacity —
defined as biological function — but also to measure capability, the ability to perform and engage in
activities [Whitbeck 1978].

This understanding corresponds to the World Health Organizations definition of
“Health”, as” a state of complete physical, mental and social well-being, and not merely as the
absence of disease” [WHO 1948]. Consequently, it is not sufficient to measure impact related to
body function when a specific disease is evaluated and when rehabilitation is planned; impacts on
activity and participation must also be measured. The international classification of Functioning,
Disability and Health (ICF) [WHO 2001] is used as framework to cover these aspects. The two key

concepts in ICF are “disability” and “rehabilitation”, defined as:
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Disability
e an umbrella term covering the following three areas : Impairment, activity limitations and
participation restrictions where impairment is a problem in body function e.g. reduced
muscle strength, activity limitations are difficulties in performing activities e.g. walking or
eating and participating restrictions are problems in life situations e.g. accessibility. All

three areas of disability must be assessed to plan rehabilitation.

Rehabilitation
e aset of measures that assist individuals who experience, or are likely to experience,

disability to achieve and maintain optimal functioning in interaction with their environment.

Function

Motor performance is a dynamic interaction between numbers of interdependent elements, which
can be understood by analyzing these elements. As an example, an individual’s ability to eat on his
own is dependent on muscle strength, joint motion, coordination, and whether he has respiratory
capacity and energy to perform the function.

Patients with neuromuscular diseases and impaired muscle strength make use of compensatory
strategies. It is essential to understand and to evaluate these strategies since they are necessary to
maintain a function; furthermore the degree of compensatory strategies often express the current
stage of the disease. If focus is solely on the level of impairment, there is a risk of losing
information on a gradual change in motor performance; vice versa would an instrument solely
focusing on activity not explain the cause of the change in motor performance. As an example, an
examination of muscle strength in the forearm will illustrate the capacity to flex the elbow, but not
the patient’s capability to bend the elbow and lift the hand to the mouth; the latter being a composite
function of muscle strength and often performed by compensatory movements. In this way function
may be defined as “the ability to interact with ones environment in a way that permits the person to
achieve competence in the tasks of daily living. Underlying this is an expression of the person’s
physical competence to control the physical components of muscle strength and range of motion. In
the very weak patients the interdependence of these parameters means that small or subtle changes

in any component have a disproportionate effect on function. It is therefore necessary to have scales
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which alone or in combination provide a holistic picture of the patient and his performance”
[Sylvia Hyde, personal communication 2001].

In the clinical setting, as well as in research, it is important to decide the relevant outcome - what
should be measured? Is it capacity, capability or both? In rehabilitation research there are often
several outcomes of interest; the primary outcome is usually at the level of activities, and the
outcomes at impairment level act as a gold standard and help to interpret other findings.
Consequently, the applicability of the assessment methods depends on their ability to measure the
outcomes [Wade 2003].

Assessment at impairment level

Methods used to assess level of impairment are related to body function and physical capacity. One
of the primary characteristics in neuromuscular disorders is impaired muscle strength and it is
essential to be able to quantify muscle strength in order to diagnose the patient, to pick up changes
over time and to evaluate treatment. Muscle strength can be measured by manual or by quantitative
techniques and as dynamic or isometric muscle strength. The manual muscle test (MMT) was
developed by Lovett (1916) and has since become a widely used method. Is has been slightly
moderated over the years, and is typically scored using the 6-point Medical Research Council
(MRC) scale with 0 representing “ no muscle function” and 5 representing “normal” muscle
strength [Medical Research Council 1943]. Scores from the tested muscles are often summed into a
composite score to express overall muscle strength. The test is useful as a screening tool to evaluate
muscle strength and to plan for rehabilitation; it is easy to perform and does not require any form of
equipment. The scores from “0” — “3”, representing the most decreased muscle strength, are well
defined whereas scores above “3” are based on a subjective decision made by the evaluator. As a
consequence, inter and intra-rater agreement is better when testing weaker muscles compared to
stronger muscles [Florence 1992, Mahoney 2009]; agreement is further improved when the test is
performed by trained evaluators [Florence 1984, Escolar 2001]. In general, studies have provided
evidence for good reliability and validity in the use of MMT [Cutberth 2007], but the increasing
demands for objectivity based on interval scaling in measuring muscle strength have limited the use
of MMT in clinical trials in neuromuscular diseases.

Quantitative muscle strength is considered to be an “objective” measurement of
muscle strength. The method is highly correlated with MMT [Saraniti, 1980, Aitkens 1989,

Goonetilleke 1994] and is as such often considered as a gold standard in muscle strength
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assessments. The test score is recorded by means of a mechanical device and can be compared to
reference values obtained from persons with normal strength. Several forms of quantitative
measurements exist. The most applicable version in a clinical setting is the portable hand held
dynamometer (HHD) that measures isometric muscle strength in a standard position. The isometric
measurements can be performed as “make-test” in which the evaluator holds the dynamometer
stationary and the patient exerts a pressure, or as “break-test” in which the evaluator pushes the
dynamometer and the patient holds against the push. The break-test triggers a slightly higher force
than the make-test [Bohannon 1988, Stratford 1994], but the make-test is easier to control. In
general, tests of reliability have shown excellent agreement among evaluators, but also that
reliability is dependent on the evaluator’s experience and can be seriously affected if the
standardization of the test and the stabilisation of the dynamometer is not met [van der Ploeg 1991,
Merlini 2002, Mahoney 2009].

Assessment at activity level

Methods used to assess the level of activity, aim at measuring motor performance. In children, the
methods are often based on the knowledge about when motor milestones are reached in the healthy
child, and aim at identifying delays in these milestones [Henderson and Sugden 1992, Folio and
Fewell 2000, Nelson 2006]. Since the primary symptom in neuromuscular disorders is reduced
muscle strength, the scales must be able to reflect how this affects motor performance. In view of
the fact that longevity of patients with neuromuscular diseases has increased, it is necessary that the
scales can be used on patients of all ages and with a wide range of functional abilities — also in
patients with very limited muscle strength.

Several specific performance-based measurements have been developed with the purpose of
evaluating motor function in neuromuscular disorders. One of the earliest functional scales is the
Vignos scale [Vignos 1963] that evaluates ambulation in boys with Duchenne muscular dystrophy
(DMD). Additional scales were developed in the 1980’es e.g. Brooke upper limb scale that
classifies upper limb function in neuromuscular disorders [Brooke 1981] and Hammersmith motor
ability scale that evaluates motor ability in DMD [Scott 1982]. In the last decade, further functional
scales have been developed and are now part of the assessment battery in neuromuscular disorders.
The Egen Klassifikation scale (EK) [Steffensen 2001] assesses motor function related to daily
activities in non-ambulatory patients with DMD or SMA, The Hammersmith functional motor scale

14



(HFMS) for SMA assesses motor function in non-ambulant patients with SMA [Main 2003] and
The Motor Function Measure (MFM) assesses motor function in patients with all neuromuscular
disorders [Berard 2005]. Extended and/or moderated versions of the HFMS and the EK scale have
been developed [Krosschell 2006, Steffensen 2008], and there is an ongoing effort to develop
clinical methods that can evaluate activities relevant for the patients [Mazzone 2011] and has

psychometric properties that can qualify the scale to act as an outcome measure in clinical trials.

Assessments at participation level

A neuromuscular disease affects more than physical function. Daily life, family life, working life
and social relations are also influenced. The degree and the importance of these impacts cannot be
measured objectively; so to obtain information and improve the understanding on these impacts, the
patients must be asked on their opinion and experiences. Patient reported outcome measures (PRO)
are recommended, already widely used and often a request in clinical trials [European Medicines
Agency 2005, US Food and Drug Administration 2009, Rothman 2009, Patrick 2011]. The patient
perspective is increasingly included in research and patients and patient organizations are now
involved in the making of Standard of Care programs and clinical trials protocols [Wang 2010,
McCormack 2013]. Patient involvement in scientific research priorities for neuromuscular disorders
indicates that research must be balanced between fundamental research in health and factors that
influence health (such as fatigue) and research on quality of life [Nierse 2013].

Muscle fatigue and low endurance are commonly described in neuromuscular
disorders, but research on fatigue and the impact on daily function have in general received little
attention [Féasson 2006, Lou 2010]. Since severe fatigue can impact on all domains of function, this
must be addressed in order to determine supportive measures [Wokke 2007, de Vries 2010].
Experienced fatigue can be qualified by (PRO) instruments and/or by qualitative interviews
[Pettersson 2009]. There is a variety of scales that assess fatigue and the impact of fatigue, but since
none have been developed specifically to quantify fatigue in neuromuscular disorders, a number of
scales have been used, some generic and some developed for use in other disorders. Two of the
scales most often used to quantify whether fatigue is a symptom in neuromuscular disorders are the
Fatigue Severity Scale (FSS) [Lou 2010, Laberge 2005, Hagemans 2007] and the Checklist
individual strength (CIS) [Kalkmann 2005, Schillings 2007]. The FSS seeks to evaluate fatigue at

one level, namely impact of fatigue on daily functioning, whereas the CIS evaluates fatigue in four
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levels: subjective fatigue, concentration, motivation and physical activity. Both scales have been
recommended for use in future studies on fatigue in neuromuscular disorders [ENMC 2011] to
further evaluate their applicability in these disorders.

Very few studies have used qualitative interviews to address the experiences of living
with a neuromuscular disease in terms of consequences for activity and participation, but two
studies [Bostrom 2004, Heatwole 2012] emphasize that fatigue restricts activities of daily life.
Qualitative interviews can be one of the first steps to develop a PRO instrument, but can also act as
method to validate an existing instrument to assure that the concept of interest captures the concept

from the patients’ perspective [Patrick 2011].

THE TWO DIAGNOSES

Congenital myopathy

Congenital myopathies (CM) are a group of neuromuscular diseases in which symptoms typically appear at birth or in
infancy. The incidence and prevalence of CM is unknown. The diseases are caused by mutations in genes that encode
proteins involved in the contractile function of muscle fibers and are grouped in four ‘‘morphological subclasses” based
on features seen on muscle biopsy (myopathies with protein accumulations — e.g. rods, cores, central nuclei and fiber
size variations) [North 2008]. Genes have been identified within each of the four subgroups, but finding the right
genetic diagnosis has been complicated by the fact that one gene mutation can cause different histological features and
different gene mutations can cause the same histological feature.

The clinical presentation of the CMs is at a continuum of severity varying from a slight to severe impairment of
physical function. Despite different genetic backgrounds, the phenotypes show great overlap among the different CMs
although some clinical characteristics are specific for the individual type and may lead to genetic testing. As an
example, does the finding of fiber size variation combined with early scoliosis and impaired respiratory function
indicate a SEPN1 mutation.

The classical clinical features in CM are impaired muscle strength and delayed motor development with onset at birth or
from early childhood. Mimics are often impaired resulting in ophthalmoparesis, ptosis and/ or bulbar involvements
[Ryan 2001, Jungbluth 2005], but there is a great variability in the degree of these symptoms and some types of CM do
not affect facial muscles. In general, motor development progresses after the initial period of life, but then stabilizes.
Some patients may, however experience a continuous loss of physical function or worsening of symptoms later in the
disease course. The degree and range of clinical symptoms as well as the natural course of the diseases is still not well
understood due to lack of data on the natural history of the diseases.

Despite being a heterogeneous group of disorders, some common impairments influence daily life in patients with
congenital myopathies. Some frequent complaints are fatigue and low endurance [Wang 2012], but no systematic

studies on these complaints have been conducted in this group of disorders.
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Spinal muscular atrophy

Spinal muscular atrophy (SMA) is an inherited neuromuscular disease characterized by degeneration of the spinal cord
motor neurons, which is caused by a mutation in the SMNZ1 gene. The incidence of SMA is approximately 1:10.000
[Thieme 1993, Arkblad 2009]. A copy gene (SMN2) may influence the severity of the disease [Feldkotter 2002, Wirth
2006], but SMIN2 copy number cannot be used to predict the clinical phenotype [Wang 2007], since this can vary
considerably within the same copy number. The clinical spectrum of SMA ranges from severe hypotonia and weakness
to mild weakness and the disease is classified into three types according to age of onset and achievement of motor
milestones [Munsat 1992].

SMA | —also called Werdnig-Hoffman disease - is the most severe type with onset before the child is 6 month old.
Motor function is severely impaired, the child never sits and because of bulbar dysfunctions and pulmonary
complications most children die during the first two years of life.

SMA Il is the intermediate type with onset before the child is 18 month old. The child will achieve the ability to sit
independently, but not to stand or walk unaided. Some children lose their ability to sit independently at an early age
whereas others maintain the ability into adulthood.

SMA I11 — also called Kugelberg-Welander disease - is the milder type with onset from the 18th month. The child
achieves the ability to walk independently, but in some children this ability is lost in early childhood whereas others
maintain ambulation into adulthood.

The phenotypic spectrum of SMA represents a continuum, and there is a wide range of functional abilities within each
SMA subtype, consequently some borderline type I/11 and type 1I/111 do exist. A further sub-classification has been
suggested [Dubowitz 1995, Zerres 1995, Russman 1996], but not decided; however, the classification of an adult type,
SMA IV, with onset in the second or third decade is now often used [Wang 2007].

The distribution of muscle weakness in Il and 111 is well described [Carter 1995, Kroksmark 2001], but the natural
history of SMA 1l and 11 has not been studied systematically. There is a general agreement that patients lose functional
abilities over time due to the changes in growth and secondary complications as scoliosis [Dubowitz 1995, Zerres 1995,
Russmann 1996]. Despite electrophysiological studies have indicated an aged-related loss of innervation in SMA
[Swoboda 2005], opinions differ on whether muscle strength also deteriorates. Some studies have indicated loss of
muscle strength over time as measured by manual muscle test [Carter 1995, Steffensen 2002, Deymeer 2008], whereas
other studies could not demonstrate deterioration in muscle strength over time, when muscle strength was assessed by
quantitative methods [lannaccone 2000, Kauffman 2011].

This diversity could be due to the fact that various outcome measures and various time spans have been used to study
the course of the disease in patients that cover a wide field of disability from hardly any measurable muscle strength to

nearly normal muscle strength.
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AIMS

The overall aims of this thesis were to evaluate the applicability of standard assessment methods
and their ability to evaluate and reflect physical characteristics in patients with spinal muscular
atrophy. A second aim was to evaluate the prevalence and impact of fatigue in spinal muscular
atrophy and congenital myopathy.

Specific aims

To describe muscle strength, functional capability, contractures and Forced Vital Capacity in

a total population of SMA Il patients (study I)

e To evaluate the applicability of standard assessment methods and their ability to detect

variations in muscle strength and functional ability among these individuals (studies I, 11).
e To evaluate decline in muscle strength over time in SMA 11 and 111 (study III).

e To investigate whether fatigue is a common feature in patients with SMA Il and CM, and
whether the Fatigue Severity Scale is an appropriate instrument to identify and evaluate this
(study 1V).
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PATIENTS AND METHODS

Study I and Il are cross-sectional studies. Study 111 is a retrospective study on longitudinal data.
Study IV is a mixed- method study on validity of the Fatigue Severity Scale. Validity was evaluated
by statistic analyses and focus group interviews.

Study | describes the applicability of standard assessment methods to characterize physical function
primarily at impairment level. Study Il describes the ability of clinical methods to reflect capacity
and capability at impairment and activity level. Study 111 describes the sensitivity of clinical
methods to register loss of muscle strength at impairment and activity level. Study 1V evaluates the
ability of a questionnaire to reflect impact of fatigue on levels of activity and participation.

Criteria for inclusion in study I, I, and 111 were that the patients;

e had a genetically confirmed diagnosis of spinal muscular atrophy

e had a clinical diagnosis of SMA type Il (study I, Il and I11') and SMA 111 (study I11) based
on the established diagnostic criteria [Munsat 1997]

e were > five years of age at time of first examination

Criteria for inclusion in study IV were that patients:
e were diagnosed with a congenital myopathy based on muscle biopsy and/or molecular

diagnosis
e were diagnosed with SMA I1 based on clinical and genetic findings

e were > eighteen years of age

Study |
The total Danish population of 67 patients with SMA 11, registered with the Danish National

Rehabilitation Centre for Neuromuscular Diseases in august 2007, were invited to participate in this

study. Data were obtained from 54 participants (21 females, 33 males) aged 5 — 70 years. All
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patients invited, fulfilled the diagnostic criteria for SMA 1l and all patients had a homozygous
deletion of the SMN1 gene. Among the 54 patients, three patients had two copies of the SMN2
gene, 36 patients had three copies and 14 patients had four copies.

All assessments were undertaken at the Rehabilitation Centre and were conducted by six
experienced physiotherapists, who worked in pairs. Before the examinations, patients had filled in
registration forms with information on spinal surgery, respiratory and nutritional problems and

respiratory and nutritional aids.

Study Il

The total population of Danish patients with a clinical and genetically confirmed diagnosis of SMA
Il and registered with the Danish National Rehabilitation Centre for Neuromuscular diseases in
September 2010 (n= 65), were invited to participate in this study. Data were obtained from 52
participants (8 - 73 years). The majority of patients were assessed at the Centre, but a few patients
were assessed at home. All assessments were undertaken with the patients in their wheelchair and
by the same physiotherapist.

Study llI

Data from 23 patients with SMA 1l and seven patients with SMA 11 that had participated in 2 - 6
different studies on muscle strength and motor function during the last twenty years were analyzed.
Median follow-up was 17 years (12-20). Median number of assessment was 4 (2-6). All
assessments had been performed by the same four experienced physiotherapists. Measurements that
had been used in all studies were used for analyses.

To assess whether the baseline level of muscle strength at entry had an influence on potential

progression, SMA 11 patients were divided in two groups according to upper limb function at entry.

Study IV
Twenty-nine patients with SMA Il and 71 patients with CM > 18 years filled in the Fatigue Severity
Scale (FSS). Data on SMA 11 patients were obtained from study I1; data on CM patients were

obtained from a study on CM conducted at the Neuromuscular Research Unit, Rigshospitalet, and
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the Danish National Rehabilitation Centre for Neuromuscular diseases in 2010. In both studies,

patients had filled in the FSS questionnaire at time of the examination. The validity and the

reliability of the FSS were examined by a combination of quantitative and qualitative methods; as

part of the validation process, twelve patients with CM reported their experience on fatigue in two

focus-group interviews.

Tabel I. Patient characteristics in the four studies. *Age at last assessment

Data Number Mean age Female Type of data ICF domains
collection (range) /male of function
Study | 2007 Cross sectional Impairment
SMA I 54 23 (5-70) 21/33
Study 11 2010-2011 Cross sectional Impariment
Activity
SMA I 52 26 (8-73) 22/30
Study 111 1991 - 2011 Longitudinal Impairment
Activity
SMA I 23 38 (22 -73)* 9/14
SMA 111 7 43 (28 — 62)* 5/2
Study IV 2010 - 2011 Questionnaire
Participation
SMA I 29 31 (19 -55) 10/19
CM 71 34 (18-73) 36/35 Focus groups
Ethics

The studies were approved by the ethics committee of the Capital Region and the regional ethics

committees. Written information was sent to the patients together with the invitation to the studies,

and verbal information was given to the patients at the examinations/interviews. Patients signed an

informed consent. If the patient was < 18 years, parents signed the consent.
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Assessments at impairment level

Gender and ages were recorded and reported in all studies. Influence of gender was calculated in
study IV. In study I, the patients’ age was used as cut points to describe characteristics in different

age groups and to calculate differences among young and old patients.

Antropometrics (study I)

Since all patients in study | were non-ambulant, height in meters was measured as full length of arm
span between finger tips by a flexible measuring tape [Hepper 1965, Miller 1992]. Weight was
recorded in kilos using a scale for lifts.

Measurement of dynamic muscle strength (study I, II, 1ll)

Muscle strength was tested by manual muscle testing (MMT) based on the Medical Research
Council (MRC) method [1943]. MRC scores 0-5 were modified to a 0-10 score to make the scale
more sensitive according to the modification of Brooke et al. [1981]. Manual muscle testing of 38
muscle groups of the whole body was measured in study I, and based on our findings in this study,
we decided to focus on muscle strength of the upper limbs in study II, in which nine muscle groups
were measured. In study 111, we calculated the change over time in seven muscle groups of the
upper limbs in patients with SMA 1l and 11, and for SMA 111 also in six muscle groups of the lower
limb. All muscle tests were performed bilaterally. MRC score was calculated as percentage of
maximal possible score by the fraction used by Scott et al [1982]: MRC% = sum of graded scores x
100/ (number of muscle tested x 10).

The reliability of the manual muscle test increases when performed by a clinically experienced
evaluator and when followed by a standardized protocol [Cuthberth 2007, Escolar 2001]. Inter-rater
reliability is also improved when testing weak muscles and when tested by a limited number of
experienced evaluators [Kleyweg 1991, Florence 1992, Mahony 2009].

These criteria were all met in our studies: Patients with SMA 1l have very limited muscle strength
ranging from 1 to 3 on the MRC scale. All assessments were performed by one of four trained and
clinically experienced evaluator and training sessions were arranged over the years to ensure

consistency and agreement among evaluators. At the last training session, agreement among four
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evaluators was estimated. Scores were very consistent among evaluators with a variance of 0-8%
(median 4%) in MRC score.

Measurement of isometric muscle strength (study I, I1)

Hand held dynamometer (HHD Citec™, C.I.T.Technics BV, Groningen, the Netherlands) was used
to measure force in Newton (N) as the maximal voluntary contraction. The method was chosen to
reflect muscle strength at interval level. Four muscle groups were measured: elbow flexors, elbow
extensors and finger flexors/full fist grip (study 1), and finger flexors and thumb muscles/lateral
pinch grip (study II). The measurements were performed bilaterally as “make-test” with the patient
and dynamometer application in standardized positions according to the Citec™ manual. Each
measurement was repeated three times and the best score was recorded. According to the
manufacturer’s direction, the grip score was multiplied with two. Reference values for the Citec™
dynamometer have been established [Beenakker et al 2001] as well as for other HHD’s [Backman
1989, 1995], but since our aim was to evaluate the applicability of the HHD method to reflect
capacity in patients with SMA 11, we did not compare the obtained values with reference values.
The Citec ™ dynamometer used in our clinic and in studies I and II is one of many hand-held
dynamometers. The reliability of quantitative muscle test measured by HHD is in general
considered to be high [Mafi 2012], also in neuromuscular disorders [lannaccone 2000, Merlini
2002, Mahoney 2009], but reliability is influenced by the muscles measured, the strength of the
muscle, the placing of the applicator and by the evaluator’s own capacity [Wadsworth 1987,
Bohannon 1988, Mahoney 2009].

In study Il, the internal consistency of the HHD - measured by Chronbach alpha — was 0.997 for full
fist grip and 0.991 for lateral pinch grip.

Measurement of range of motion (study I, II)

Passive range of motion (ROM) in the upper limbs was measured by a standard goniometre
according to the methodology established by the American Academy of Orthopaedic Surgeons
[1965] in shoulder flexion (only study 1), elbow extension/supination,/pronation — hand flexion/
extension/ulnar /radial deviation and finger extension. Contractures were calculated as the

difference between recorded ROM and the normal ROM [Brooke 1981]. Hypermobility was
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defined as the ability to bend joint passively beyond normal range of motion. In study I, maximal
mouth opening (MMO) was measured in millimetres as the distance between lower and upper
incisors.

The reliability of measurement of range of motion is high when the measurements follow a
standardized protocol and when performed by the same investigator; studies indicate that
measurements of upper limbs are more reliable than measurements of lower limbs [Boone 1978,
Gajdosik 1987].

Measurement of respiratory capacity (study I, 1)

Respiratory capacity was measured as forced vital capacity (FVC) by means of a calibrated
spirometer (Medikro Spiro2000). The FVC expresses the volume of air forcibly exhaled in one
breath, following a maximal inhalation. Patients were measured in sitting and supine position since
patients with SMA 11 in general have an increase in FVC in supine position compared to sitting
position [Lyager 1995]. Each measurement was performed three times; best value was recorded and
expressed as FVC% according to the reference value for the individual patient. In study Il1, change
of FVC% over time was calculated as the difference between FVC% at first and last assessment.
FVC is very reproducible and is widely used to reflect respiratory capacity in neuromuscular
disorders [Samaha 1994, Wang 2007].

Assessments at activity level

Brooke upper limb scale (Studies I, 11, IIl)

Brooke upper limb scale [Brooke et al. 1981] was used to evaluate and classify upper limb function.
The patients’ ability to move their arms independently were categorized into six levels; level 1
represents highest level of motor function and level 6 lowest level of motor function. In study I, the
scale was used to illustrate the difference in upper limb function between younger patients < twenty
years old and patients > twenty-one years. In study Il, patients were classified according to Brooke
upper limb scale to illustrate the wide range of upper limb function among patients with SMA I,
and the classification was used to evaluate whether other clinical methods could reflect the various

levels of upper limb function. In study III, patients were divided into two superior Brooke group’s
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(Brooke levels, 1, 2, 3 and Brooke levels 4, 5, 6) to assess whether the basic level of muscle
strength had an influence on potential progression.

The Brooke upper limb scale is based on the ability to raise arm against gravity. The tasks at levels
3 and 4 can be performed by compensatory movements e.g. support from armrest. To improve
reliability we defined tasks at these levels without use of armrest. The reliability of Brooke score in
a SMA 11 population was estimated as agreement among four evaluators; there was total agreement

among evaluators.

Egen Klassifikation (studies I, II, 11I)

Egen Klassifikation (EK scale) [Steffensen et al 2001, 2002] evaluates the non-ambulant patients’
overall physical function. The scale was originally constructed with ten items, each representing
daily activities relevant for the patient, and an extended version with seven added items has recently
been developed (EK?2) [Steffensen 2008]. The scale is administered to the patients as a combination
of interview on daily performance and a visual examination of the tasks that can be observed at the
assessment. Each item has four categories, scaled from 0 to 3, with O representing highest level of
function and 3 lowest level of function. The EK sum is calculated as the sum of scores of all items.
The EK scale (10 items) was administered to all patients in study | and the EK2 scale (17 items)
was administered to all patients in study Il. Five of 17 items evaluates activities in upper limbs, and
in study II the sum of these five items was calculated as “EK2 upper limb module” (illustrated in
the table section in study Il). In study IlI, the differences between EK sum at first and last
assessment were calculated.

Reliability has been established for the EK scale [Steffensen 2002] and the EK2 scale [Steffensen
2008]

Hammersmith functional motor scale (study I)

The Hammersmith functional motor scale (HFMS) for non-ambulant children with SMA was
developed by Main et al [2003]. The scale has 20 items based on normal motor milestones and is
scored in lying, sitting and standing position. Each item is scored from 0 to 2 based on the

performance on the individual item. Maximum score is 40 corresponding to highest level of
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function, minimum score is 0. The scale has been modified (MHFMS-SMA) with a slight change
and reordering of some of the items [Krosschell 2006]. We used the original scale in our study.
The reliability of the HFMS has been established in a multinational study [Mercuri et al 2006] with

children from 2-12 years.

Motor Function Measure (study II)

The Motor Function Measure (MFM) scale was developed for patients with neuromuscular diseases
to assess motor function across the range of mobility and the type of neuromuscular disorder. The
scale has 32 items in three domains of function: standing and transfer, axial/proximal dimension
and distal dimension. Each item is scored from 0 to 3, with O representing lowest level of function
and 3 highest level of function; the MFM score is calculated as a percentage of highest possible
score for each dimension and/ or for all dimensions. The distal dimension, MFM D3, was used in
study Il to evaluate upper limb function. This dimension has seven items, of which six items
measure motor function in forearm and hand and one item evaluates the ability to dorsi-flex the
foot. We chose to calculate the MFM D3 score with and without this item, the latter as the “MFM
D3 upper limb” score (illustrated in the table section in study II).

The reliability of the MFM scale has been established for patients with neuromuscular disorders
from 6-62 years [Berard 2005].

Assessments at participation level

Fatigue Severity Scale (study IV)
The Fatigue Severity Scale (FSS) was developed to assess the self-reported impact of fatigue on

daily functioning in Multiple Sclerosis (MS) and systemic lupus erythematosus (SLE) [Krupp
1989]. The scale has nine items, each of which is rated on a 7-point Likert scale ranging from “1 =
strongly disagree” to “7 = strongly agree." The FSS score is calculated as the mean of all item
scores. Based on results from normal populations and disease populations a FSS score > 4 indicates
that fatigue is a problem in daily life and a score of > 5 indicates severe fatigue.

The reliability of the FSS has been established in normal populations [Lerdahl 2005, Valko 2008]
and various disease populations [Krupp 1989, Kleinman 2000, Hagemans 2007], but has not

previously been established in neuromuscular populations.
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Visual Analog Scale (study IV)
The Visual Analog Scale (VAS) is used to measure a variety of subjective phenomena, among them

fatigue. The score is rated on a 100 mm horizontal line with descriptions at each end, and represents
the patient’s perception on the phenomenon. The reliability of a VAS scale to measure fatigue
severity has been presented in healthy individuals and patients with sleep-disorder [Lee 1991] and

in patients with stroke [Tseng 2010].

Focus-groups (study 1V)
Focus-groups were used to assess the content validity of the FSS and its relevance to measure

impact of fatigue in patients with CM. A purposive sampling was performed to identify patients
with FSS score > 4; among these patients, 16 were randomly selected and invited to participate in
one of two focus-group interviews. Interviews were based on an interview-guide with six main
themes. For each theme, a set of 2-6 sub-questions were constructed, in case the group needed
inspiration for the discussions. At the end of the discussion, the participants could add further
comments on a piece of paper or write information they wouldn’t bring up in the group. After a
short break, the FSS was handed to each of the participants, who were then asked to comment on
whether fatigue according to their perception was contained in the FSS , and if not — which
dimensions of fatigue was not captured in the scale. The focus-group interviews were recorded on

tape.

Data analyses / Statistics

Statistical analyses was conducted by means of Statistical Package for the Social Sciences (SPSS
16.0) in study I, SAS 9.2 software package (SAS Institute Inc) in studies Il and 111, and Stata
version 11.2 in study IV. Significance levels were set at p < 0.05, using two-tailed testing. Non-
parametric statistics were used when criteria for normal distribution were not met, and when the
sample size was small. For calculation of unpaired differences between groups, Mann-Whitney U
test was used in studies | and 11 and the parametric analogue, student t-test, in study 1V. To calculate
paired differences within groups, Wilcoxon signed rank test was used in studies | and I11. Kruskal
Wallis’ test was used to calculate differences among groups in study II. Linear regression analyses

were used to test longitudinal data in study III. Spearman’s rank order correlation coefficient (rs)
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was used in studies I, I and 1V. In study 1V, principal components factor analysis (PCA) was used
to test uni-dimensionality and Chronbach’s alpha (o) coefficient was used to illustrate internal
consistency.

Focus-group data were transcribed and analyzed by means of a direct content analyses [Krueger
2008, Hsieh 2005] and thematic prevalence. Validity was assessed as the relation between the

themes emerging from the interviews and the nine FSS items.

Table Il. Statistical methods used in the studies

Study | Study 11 Study 11 Study IV
Descriptive statistics
Mean/SD X X
Median/Range X X X X
Analytic statistics
Kruskal Wallis X
Wilcoxon signed rank test X X
Mann-Whitney U test X X
Student t-test X
Linear regression X
Spearman’s rank correlation X X X
Principal component analysis X
Cronbach alpha coefficient X
Statistical software
SPSS 16.0 X
SAS 9.2 X X
Stata version 11.2 X
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RESULTS

Assessments at impairment level

Dynamic muscle strength / Manual muscle test (study |, II, III)

All patients in studies I, Il and I11 were measured by manual muscle test. In study I, the method
confirmed a characteristic pattern of muscle involvement in spinal muscular atrophy type I1: Upper
limbs were relatively stronger than lower limbs and distal muscle groups were stronger than
proximal muscle groups. Adductor muscles were the strongest muscles in shoulders and hips, elbow
flexors were stronger than elbow extensors. In the lower limbs, knee flexors were weaker than knee
extensors. The strongest muscles were found in the forearm (elbow flexors, wrist flexors/extensors
and finger flexors/thumb muscles); muscles in fingers were the best preserved muscles, since all of
the weakest patients had some muscle strength left in their thumbs and/or finger flexors. In general,
a MRC% score of the upper limbs reflected a larger variation in capacity among patients compared
to a MRC% score based on a full muscle test (fig. 1).
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Figure 1. Mean MRC% score of the three strongest and three weakest patients in study I, recorded as MMT total (38
muscle groups), MMT OE (20 muscle groups) MMT forearm (12 muscle groups) MMT hand (8 muscle groups).
MRC% score based on a reduced muscle test reflected a larger capacity than a total muscle test in both stronger and
weaker patients.
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In study I, MRC% score based on a reduced muscle test of the upper limb could discriminate
among patients at all Brooke levels, also among the weakest patients at Brooke level 5 and 6

(p = 0.002). In the two cross-sectional studies (I and I1) younger patients had more muscle strength
than older patients (p < 0.001). This indicated a loss of muscle strength over time, a finding that was
confirmed in study Il1, where analysis over time showed a loss of muscle strength in the upper
limbs in patients with SMA 11 (p <0.0001) and 111 (p <0.02), respectively (figure 2). In patients with
SMA I, the slope of the regression line was -0.22 units per year (p < 0.03). The rate of decline in
muscle strength seemed a little steeper for stronger patients, but no significant difference was found.
When repetitive MRC% scores of upper limbs, forearms and hands were compared, MRC% scores
of forearm and hand seemed to be more sensitive to change over time (fig. 3).
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Figure 2. Decline in muscle strength over time. Patients with SMA 1l = blue lines, patients with SMA 111 = red lines.
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Figure 3. MRC% scores over time in 21 patients with SMA 1. The colored lines represent median scores in 14/10/6
muscle groups of the upper limbs. Numbers on the X-axis refers to 1, 2, and 3 assessment. There was an interval of at
least 4 years between each of the illustrated time intervals.

Isometric muscle strength / Hand held Dynamometry (studies I, II)

Not all patients could be measured by the Citec ™ HHD since 18-40% of the patients measured in
studies I and Il could not overcome the dynamometer’s activation threshold in any of the tests
performed. Elbow flexion was scored by 82% of the patients in study | and was not performed in
study Il, where patients were measured sitting in their wheelchair and therefore could not obtain the
standard position for the test. Full fist grip were scored by 67% of the patients in study | and 43% of
the patients in study Il. Lateral pinch grip was scored by 60% of the patients in study Il. Neither of
the two hand tests could reflect the capacity of all individuals nor could they discriminate among
patients across the range of upper limb function, as classified by Brooke upper limb scale; full fist
grip could, however, discriminate between patients at Brooke levels 3 - 4 and 4 — 5, respectively.

Younger patients had higher scores than older patients in both studies.

Range of motion in upper limbs (studies I, 1I)

All patients - regardless of age or level of upper limb function - were hypermobile in fingers and in
wrist ulnar flexion. More than 50% of the patients were hypermobile in elbow pronation. Limited
ROM in shoulders was common in older patients. In general, older patients had more contractures
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than younger patients, and asymmetry in contractures was more prominent (p = 0.024). Limited
ROM in elbow extension/ supination, wrist extension/radial flexion was common in patients at
Brooke levels 3-6. Contractures tended to be more prominent in the stronger arm and increased in
general from Brooke levels 2-5; however, a significant difference in sum of contractures was only
found between patients at Brooke level 3 and the adjoining level 4 (p = 0.011)

Limited mouth opening was found in 96% of the patients aged > 20 years.

contractures, raw numbers
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Figure 4. Joint motion in 52 patients (study Il) illustrated as median contractures at five Brooke levels. No contractures
were found in pronation and finger flexion despite the level of Brooke upper limb function. Contractures seemed to
follow the level of function: the lower level the more contractures; however patients at Brooke level 5 had more
contractures than patients at Brooke level 6. (Hypermobility is not illustrated).

Respiratory capacity (studies | and IlI)

In study I, forced vital capacity was measured in 42/54 patients. The remaining twelve patients were
either unable to be without their ventilator or could only be measured in one of the standard
positions (supine and sitting). 53% of the patients measured had the largest FVC in supine
compared to the sitting position. 55% of the patients used assisted ventilation; 20% had invasive
ventilation by tracheostomy and used the ventilator around the clock, 35% of the patients had non-
invasive ventilation during night time. FVC% was highly correlated with EK sum score (-0.754)
and moderately correlated with MRC% score (0.655) and functional tests (HFMS 0.677, Brooke
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upper limb scale -0.627). There was no difference in FVC% mean value between younger patients
and older patients with SMA 1.

In study I, FVC% was evaluated over a period of 15 years (13-16) in ten patients with SMA 1l and
five patients SMA I11. Two of the SMA Il patients were ventilated via tracheotomy at the last
assessment. Consequently, FVC% from the previous assessment (two years before) was used for
calculations in these two patients. There was no difference between first and last assessments for
patients with SMA 11 (p = 0.184) nor for patients with SMA 111 (p = 0.188).
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Figure 5 FVC% over time in SMA Il patients (n = 10/blue) and SMA 111 patients (n = 5/red). A = patients
with tracheostomy at last assessment. Change over time (p = 0.184, p = 0.188)

Assessments at activity level

Brooke upper limb scale (studies I, II, 11I)

Brooke score correlated highly with a total MRC% score (-0.885), and MRC% score of the upper
limbs (0.887). Correlation with age was moderate (0.452); nevertheless younger patients had a
higher level of upper limb function (lower Brooke score) compared to older patients (p = 0.003).
Brooke score in individual patients changed significantly over time (p < 0.0001). Approximately
20% of the patients in studies 1 and Il were categorized at Brooke level 6 corresponding to no useful
function of hands. This indicates a floor effect in patients with SMA 11, which was supported by the

fact that several of these patients possessed upper limb capabilities, which could be measured by



other clinical methods (figure 6). 75% of the patients could drive their wheelchair by an adapted
joystick, 50% of the patients could send text messages or use remote control (EK2), and 50% of the

patients could slide their finger from one square to another (MFM).

# hand function |
# control joystick |
# use hands for eating

# move arms

# use wheelchair | mo
*diagram ] ml
*turn ball 2
*tear paper m3
*draw
*CD

*pick up coin
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Figure 6. Upper limb capabilities in patients at Brooke level 6 (no useful function of hand) as measured by EK2 upper
limb (#) and MFM upper limb (*). Each item was scored from 0 -3 with 3 representing minimal function. In three EK2
items and one MFM item, patients had capabilities that could be measured (Note that scores for MFM are reversed in
this figure with “3” representing minimal function).

EK scale (studies I, II, III)

The EK sum score correlated highly with at total MRC% score (-0.845) and a MRC% score of the
upper limbs (-0.877) (study 1). EK2 sum score and MRC% score of the upper limbs correlated also
highly (-0.917), and correlation was even better between EK2 upper limb score and MRC% score of
the upper limbs (-0.958) (study Il). Correlation between EK sum score and age was low (0.364), a
finding that was confirmed in study Il (0.393) for both EK and EK2 sum scores; correlation
between age and EK2 upper limb score was slightly higher (0.513). Still, younger patients had a
higher level of physical capabilities compared to older patients, and in study I11, a significant
change over time in EK sum score was shown (p< 0.0001).

Minimum and maximum EK sum scores were not in use in either of the EK scales, thus even the
weakest patients have capabilities that could be reflected by the EK scales. Degree of difficulty for

the individual item on the EK2 upper limb is illustrated in figure 7.
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The EK2 sum score could discriminate among patients with very different upper limb capabilities,
except the weakest patients, the EK2 upper limb score could discriminate among all patients (p

values ranging from 0.001 — 0.005).
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Figure 7. ”EK2 upper limb”; five items — each scored from 0 -3 with 3 representing minimal function. Rank of
difficulties for the individual items with the easiest item on top. The lower score the higher function. Item 13 (ability to
control joystick) was the easiest item since 48/52 patients scored 0 or 1. Item 1 was the most difficult item; only 5/52
patients scored 0 or 1.

Hammersmith functional motor scale (study I)

The HFMS and the MRC% correlated well (0.735), although 44% of the patients scored 0 on each
of the 20 HFMS items. Correlation with age was low (-0.453). Still, younger patients performed
better than older patients (p = 0.004). Median HFMS score for 21/54 patients < 16 years old was 4
(0-17). The median score improved slightly if patients were < 12 years (17 patients /median score
5), but still 5/17 patients couldn’t score on the scale indicating that the HFMS has a considerable
floor effect in patients with SMA 1.

37



Motor Function Measure (study II)

The MFM dimension 3 was highly correlated with MRC% score (0.925), the correlation improved
when the item measuring foot motion was omitted (0.937). Correlation between age and MFM D3
score was low (-0.472), but younger patients < 20 years had a significantly higher score than older
patients (p = 0.02).

Minimum respective maximum MFM D3 scores were used in 3/52 patients. When the score was
calculated for the six upper limb items only, minimum score was used in 7/52 patients, maximum
score in five patients. Degree of difficulty for the individual item on the MFM upper limb is
illustrated in figure 8.

The MFM D3 score could discriminate among all patients across the range of upper limb function
as measured by Brooke upper limb scale (p values ranging from 0.001 — 0.032). The ability to

discriminate among the strongest patients was lost in “the MFM upper limb score”.
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Figure 8. MFM upper limb; six items — each scored from 0-3 with 3 representing maximal function. Rank of difficulties
for the individual items with the easiest item on top. The higher score the higher function. Item 22 (move fingers) was
the easiest item since 37/52 patients scored 2 or 3. Item 20 (tear paper) was the most difficult item with 39/52 patients
who scored 1 or 0.
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Assessments at participation level

Fatigue Severity Scale

The prevalence of fatigue as measured by the FSS was high in patients with CM and low in patients
with SMA I1. The cut off FSS score > 4 - indicating that fatigue is a problem in daily life - was
scored by 76% of patients with CM, but only by 10% of the patients with SMA Il. A FSS score >5
— indicating severe fatigue - was scored by 52% of patients with CM. There was no difference in
FSS score between non-ambulant and ambulant patients with CM (p = 0.21), but women had higher

FSS scores than men (p = 0.04). There were no gender differences in the SMA |1 group.

Visual analogue scale

The intensity of fatigue rated by the VAS scale was high in patients with CM and low in patients
with SMA 1. Median score for the CM group was 6.3 and 1.6 for the SMA 1l group. Ambulant
patients with CM had a higher VAS score compared to non-ambulant patients (p = 0.04). There was

no significant gender difference in either of the two groups.

Reliability

Reliability was assessed as agreement between two assessments. Correlations between test and
retest of the FSS were 0.72 based on answers from ten patients with CM and 0.98 based on answers
from six patients with SMA 11. There were no significant differences in scores between first and
second assessment in either of the groups. Out of a total of 144 pairs of ratings included in the test-
retest analyses, 44% were identical and 28% were within £ 1 level of disagreement.

Correlation between test and retest of the VAS was very low (0.12) in six patients with CM and
very high (0.99) in six patients with SMA I1. In the CM group, the correlation was influenced by
one patient who had diminished his score by 50% in the retest and one patient who had tripled his

score in the retest.

Content validity

Each patient with CM responded to all nine FSS items, and the range of scores from 1-7 was used

in all items. Among SMA |1 patients, 50% did not respond to item 2, and the range of scores from 1
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— 7 was used in only three items (2, 3 and 4). Distributions of FSS scores for the two disease groups
are illustrated in figure 9 a. and 9 b.
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Figure 9 a. Distribution of scores on the 9 FSS items for 71 patients with congenital myopathies. The range of scores
(2-7) was used in all items.
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Figure 9 b. Distribution of scores on the 9 FSS items for 29 patients with SMA 1I. The range of scores (1-7) was used
in items 2, 3 and 4. Minimum and maximum scores were used in all items except item 8. In items 5, 8 and 9 minimum
score was used by > 50% of the patients.

The focus-group interviews indicated that the FSS in general were relevant and meaningful for
patients with CM, but also that the FSS did not cover all aspects of fatigue in this group of patients.
Several participants in the focus-groups commented that physical fatigue as measured by the FSS
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was part of their fatigue experience, but mental fatigue was also an issue, which was not captured in
the scale.

The content of item FSS 2 (“exercise brings on my fatigue™) was questioned by the CM focus-group
that felt the statement was ambiguous, since exercise could bring both fatigue and energy. Item FSS
2 was apparently not applicable to patients with SMA, since 50% of the answers to this item were
missing in the SMA group.

Construct validity

Correlation between FSS and VAS scores was 0.71 (Spearman’s rho) in the SMA 11 group and 0.59
in the CM group.

The analyses of uni-dimensionality (principal component analyses), which assess whether the same
construct/component of fatigue underlies all nine FSS items, showed that the first component
explained 63% of the variance in the CM group and 58% of the variance in the SMA |1 group. A
general criterion is that the first component should explain at least 60% of the variance if the
instrument is considered to be uni-dimensional. The test for consistency among FSS items
(Cronbach’s alpha coefficient) was high in the CM group (0.92) as well as the SMA 11 group (0.90),
but item-rest correlations for item FSS 1 and FSS 2 were not satisfactory. This indicated that more
than one construct of fatigue was present, a finding that was also observed in the CM focus groups-
interviews where the content of items FSS 1 and FSS 2 was much commented. In addition, half of
the patients with SMA 1l had not responded to item FSS 2.

The construct and the uni-dimensionality of the FSS were improved when items FSS 1 and 2 were
omitted from the scale, since the first component could now explain 72% of the variance in the CM-
group and 64% of the variance in the SMA Il group. Consistency, as measured by Chronbach alpha
coefficients, was also slightly improved in both disease groups.
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Study |

N RESULTS

Age and physical performance are related in patients with SMA 1. Younger patients < 20
years perform better than patients > 21 years.

The range of physical capacity in patients with SMA 11 is better shown in a reduced manual
muscle test of the upper limbs rather than a total muscle test of the whole body.
Hypermobility in fingers and wrist ulnar deviation is common. Limited range of motion in
shoulders, elbows and wrist extension is general in patients > 21 years, who also have more
asymmetry in contractures compared to younger patients.

Very limited mouth opening is a general finding in adult persons with SMA 11.

FVC% is higher in supine position compared to sitting position.

Study Il

The manual muscle test is superior to hand-held dynamometry (Citec ™) to measure
physical capacity in very weak patients with SMA 11, and the test can discriminate among
patients with a wide range of upper limb function.

A downscaled version of the EK2 scale “the EK2 upper limb module” and the MFM scale
D3 are both equally fit to discriminate between all levels of upper limb function in patients
with SMA 1.

MFM D3 is less sensitive when used entirely as an upper limb scale (without the item

measuring dorsal flexion of foot).

Study Il

Muscle strength of the upper limb deteriorates over time in patients with SMA 11 and I11; the
manual muscle test recorded as MRC% can be used as method to show the decline.
Loss of physical function over time can be demonstrated by the EK scale.

The decline is slow and patients must be monitored over years if loss of muscle strength and

physical function should be demonstrated.
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Study IV

e Fatigue is a characteristic symptom in patients with CM, but not in patients with SMA II.

e Fatigue has a high impact on participation level and daily life in patients with CM.

e The Fatigue Severity Scale can be used as an instrument to capture the impact of fatigue in
both disease groups.

e The scale can be used in its present form, but the scale properties and the comprehension of

the scale will improve if the two first items are omitted.
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DISCUSSION

In this study we have evaluated the applicability of clinical methods to assess function at
impairment and activity levels in patients with SMA 11, and at participation level also in patients
with CM.
Patients with SMA |1 represent a group of non-ambulant patients with very limited muscle strength
and as shown in this study, the course of the disease is slowly progressive. This puts special
demands on the clinical methods used to evaluate these patients. The methods must be able to
reflect all patients’ level of function — from the stronger to the weaker patient - without any floor or
ceiling effect; otherwise it will not be possible to register gain or loss of function as result of the
disease course or of intervention. As shown, not all clinical methods evaluated in this study were
equally valid to measure impairment and activity in patients with SMA 1.
As described, a holistic picture of the patients and their performances can only be achieved if
assessments are performed at all ICF domains of function. An international consensus on which
methods should be used and which scales are appropriate has yet to be reached. The lack of
consensus means that different assessment methods are used, which means that results from various
studies cannot be compared. However, there is a growing international collaboration to overcome
these problems and by means of networks e.g. Treat-NMD [www.treat.nmd.eu] existing scales are
now being evaluated for use in clinical trials.

In the following text these issues will be discussed as will the individual methods used in this

study.
Generic versus disease specific scales

In neuromuscular diseases, as in other types of diseases, generic scales are the choice at impairment
level with the purpose to diagnose and to assess the patient’s current status. To obtain more detailed
information on the patient’s function at activity and participation levels, a mixture of
disease/condition specific and generic scales are used. The advantages of generic scales are that
results can be directly compared with healthy populations, other disorders or between two different
types of neuromuscular disorders [Streiner 2008, Hjollund 2007]. The limitation of generic scales
are that the scales — especially those at activity and participation levels - may be less useful to detect
minor differences and changes, and therefore become less sensitive and informative in assessing the
specific disease. The disease or condition specific scales have been developed on that background,

motivated from an intention to describe the characteristics and the capabilities in a particular disease
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population. The disease/condition specific scale targets the condition; this is, however, not
synonymous with the scale being sufficiently sensitive to include the total population. An example
is that the HFMS for SMA is not suitable for the weakest patients. Although they have been
developed for a specific population, some scales are used as generic scales in other populations,
such as the FSS. Since the scale properties cannot automatically be transferred to another
population, the use of a scale in a new population requires testing for validity and reliability in the

new population.
Scale level

Measurements in clinical research is performed at different scale levels dependent on the type of
variables used such as nominal, ordinal or interval variables. A great deal of information is obtained
by measurements at ordinal level, such as the functional scales used in the studies of this thesis.
The ordinal level of measurement means that the intervals between scale scores might differ and
when scores are summed, the result will be less precise than scores obtained at an interval level of
measurement. The “correct” levels of measurements have been an ongoing discussion for decades
[Wright 1989, Grimby 2012] indicating that valid platforms for evaluation should be based on
interval levels of measurements. Transformation of functional scales from ordinal to interval scales
can be reached by Rasch Analysis, where a uni-dimensional hierarchy of scale items is built and the
scale’s construct and dimensionality is assessed [Wright 1977].

Clinical methods that measure a concept at ordinal level often provide more relevant information on
performance and/or perception than interval scales. There is (often) no hierarchy in the items;
consequently, two individuals can have the same total score, but very different scores on the
individual items. The degree of symptoms/the amount of the concept measured is based on the total
score. It is important that the scale measures a single construct or that an eventual multi-construct is
known. A certain amount of subjects are needed if an ordinal scale should be transformed to
interval level by Rasch analysis, a criteria that is not easily fulfilled in the limited number of
neuromuscular patients; furthermore some items will most likely be omitted during the Rasch
procedure; items that may contain important clinical information. Consequently, the scale may be
more accurate with equal intervals between scale steps, but this could be at the expense of content

validity needed in a clinical setting.
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Assessments at impairment level

The methods used to evaluate impairment were all on interval scales (Newton, degree, milliliters)

except for the MMT in which scores were recorded as ordinal scores.

Manual muscle test

The use of MMT has been much debated. The method is a “common language” among
physiotherapists and neurologists in clinical practice, but is more complicated in clinical trials when
several evaluators are involved. The scales’ ordinal origin means that the distances between the
scores (“07- ““5”) cannot be defined and the somewhat vague definition of the scores influences the
reliability. Transforming the ordinal sum score to percentage could be dubious, since the ordinal
scale is now interpreted as an interval scale. Despite this, we used the MMT in our studies as the
prime method and as mentioned in the method section, we believe we fulfilled the criteria that make
the method more reliable (standardized protocols, limited number of very experienced evaluators,
testing weak muscles). MMT has qualities that are not met by other methods, and we showed that
MMT was the only method at impairment level that could assess the capacity of all patients — also
the very weak patients, a finding that is shared by others [Paternostro-Sluga 2008, Mahoney 2009].
By targeting the MMT to upper extremities a subset score of the upper limb could discriminate
better among patients with various level of upper limb function than a total muscle test — both
among strongest and weakest patients (fig 1) and a subset score of muscle strength in the upper
limbs was adequately sensitive to register loss of muscle strength over time. A reduced muscle test
of the upper limbs is less time consuming, and less troublesome for the patients with SMA 11, who
can remain in their wheelchair during the assessment. Furthermore, a subset of the MMT score
could be more relevant, since functions are best preserved in the upper limbs and finally, reliability
could be improved, since fewer muscles are tested and fewer test positions are needed. MMT subset
scores has been studied and validated in other diseases [Jepsen 2004, Rider 2010], and could be
further validated in SMA I1. In the absence of a golden standard at impairment level, and in attempt
to make the MMT more robust there is a requirement to validate the test by psychometric analysis
[Cuthbert 2007]. This has been done by Vanhouette et al [2011] in a mixed group of nine different
disorders (including neuromuscular disorders) based on physicians scores from eight different
studies. The study concluded that the Rasch model expectations could be fulfilled by transforming
the present six MRC categories (from 0 — 5) to a modified MRC sum score based on four
categories: 0, paralysis; 1 severe weakness (> 50% loss of strength); 2, slight weakness (< 50% loss

of strength) and 3, normal strength. This study illustrates the dilemma between the need for strong
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models of measurement and the necessity of preserving the clinical estimation. Applying this
shorter version of the scale to a population of patients with SMA 11 might improve reliability of the
MMT, but the responsiveness and sensitivity of the scale would decrease, since the vast majority of

our patients would be placed in the category 1.

Hand held dynamometry

Muscle strength measured by HHD is a precise and valid recording presumed an accurate initial
position of the patient and the dynamometer [Merlini 2002, Delitto 1990, Jones and Stratton 2000]
and performed by experienced evaluators [van der Ploug 1989 Bohannon 1988] or by a limited
number of raters [Goonetilleke 1994]. These criteria were all fulfilled in our studies; however, we
found that the HHD Citec ™ is not applicable for use in a total population of patients with spinal
muscular type I, since the dynamometer is not adequately sensitive to measure the very weak
patients, in whom function can be registered by other clinical methods. Other dynamometers may
have a lower threshold, but this might not improve reliability since it allows for unwanted
movements to be recorded. The limitation in measuring weak patients has been found by others
[Escolar 2001, Mahoney 2009] and may have the consequence that these patients cannot be enrolled
in clinical trials [Miller 2001].

Range of motion

Range of motion is an essential part of physical function. Contractures may limit function, but can
also improve function; as example contractures in elbow flexors may preserve the ability to lift
hand to mouth since the muscles act over a shorter lever arm, but at the same time contractures in
elbow flexors limit the range of reach. Similar to others, we found that contractures in the upper
limbs tended to worsen with age [Wang 2004, Fujak 2010]. Furthermore, we found that
contractures were related to Brooke level of upper limb function; however, a difference in sum of
contractures was only found among patients at Brooke levels 3 and 4. Since joint mobility and
muscle strength are both components in physical function and changes of these elements influence
each other, we cannot clarify whether the loss of function from Brooke levels 3 to 4 was caused by

the contractures or the contractures was a consequence of the loss of function. The fact that
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contractures were more prominent in the stronger arm underlines the functional collaboration and

the necessity of evaluating ROM both in clinical practice and in clinical trials.

Respiratory capacity

Respiratory function measured as FVC% is used as one out of several indicators to determine the
need for supportive ventilation in spinal muscular atrophy [Mellins 1974, Manzur 2003, Wang
2007]. The method is recommended as outcome measure, but whether FVC% changes over time
has been unclear. Some longitudinal studies have shown a decline over years [Carter 1995,
Steffensen 2002, Kaufmann 2012] in contrast to others [lannaccone et al 2000, Kaufmann et al.
2011] were no significant decline was shown. The various results could be related to the follow-up
period, since the decline was found over a period of 5- 7 years in contrast to a period of 12 and 18
months, but could also be related to other factors. We didn’t find a significant difference in FVC%
between younger and older patients (< 20 years >), and FVC% did not change significantly over a
period of 13-16 years, neither in patients with SMA 11 (n=10) nor in patients with SMA 11 (n=5).
Nevertheless, two patients with SMA 11 ventilated via tracheostomy at the last assessment had both
experienced a respiratory collapse caused by a lung infection. The finding of a relatively stable
course over years is supported by earlier findings of the diaphragm being one of the best preserved
muscles in SMA [Kuzuhara 1981]. Respiratory function might thus be more influenced by external
factors such as lung infections rather than the natural course of disease. If so, the method might not
be an appropriate outcome measure in clinical trials.

FVC% is based on the patient's respiratory performance and the recorded height. Despite the fact
that the same method for measuring height was used throughout the years, measuring arm span with
a flexible measuring tape could cause measurement errors, which could have influenced the

recorded FVVC%. However, we do not think this would have fundamental influence on the results.

Assessments at activity level

The methods used to evaluate these two ICF levels were all ordinal scales. The scales used to
evaluate activity were disease-specific; the scales used to evaluate influence of fatigue on

participation were not developed for neuromuscular disorders and thus used as a more generic scale.
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Brooke upper limb scale

We consider the Brooke scale to be a classification rather than a scale. As a measurement scale it is
too crude and has a ceiling effect among weak patients who have some residual hand function, but
cannot hold a pencil or pick up coins. As classification it is easily administered and gives a quick
impression on the patient’s upper limb capabilities. The individual items need to be more precisely
defined to ensure consistency among evaluators. In its present form, it is unclear whether the patient
may use his armrest to lift the hand to the mouth in items 3 and 4. We defined these tasks without
arm rest, and found excellent agreement among evaluators. By using the Brooke scale to classify
our SMA 11 patients, we got an immediate impression of the considerable number of weak patients
that did not have any function left in shoulders and elbows, but nevertheless could drive their

wheelchair and operate their computer by hand.

Egen Klassifikation scale

The EK scale was developed for patients with DMD and SMA and is based on functional abilities
of daily living. The scale is widely used and has been translated into several languages. It was later
extended (EK2) to capture more detailed information on feeding and distal hand function
[Steffensen 2008]. In this study, we used the original scale in studies | and 111, and the extended
version in study Il. In all three studies, the sum score was used for comparison among groups, and
was found to be sufficiently sensitive to discriminate within patients (over time) and between
patients (younger/older and most levels of upper limb function). Neither ceiling nor floor effects
were found in either of the versions. To focus on arm function we used the sum score of five EK2
upper limb items, and found that this subscale could discriminate among all patients, also among
the weakest patients. This finding confirms our assumption that upper limb function must be
brought into focus if variances and changes in physical function should be found in patients with
SMA 1L

Hammersmith functional motor scale
The HFMS is designed for children with SMA. The scale was developed from a scale designed for
use in DMD, which may have influenced the choice of items that all assess gross motor function.

By focusing on motor functions as sitting, rolling and changing position the weakest patients who
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have lost their independent sitting balance cannot score on the scale. This results in a considerable
floor effect among weak patients, and we found that almost half of our patients could not perform
any task on the scale. This was not only so in adult persons, but also in weak children. The scale
may be useful for some of the more physical capable patients, but it is a problem that only two
items assess upper limb function, which is done at a functional level that corresponds to Brooke
levels 1 and 2 (able to lift arms and bend shoulders). Consequently, the HFMS is not appropriate as

an outcome measure in a total population of patients with SMA 1.

Motor Function Measure

The MFM was developed for neuromuscular disorders and is as such a disease-specific scale.
However, targeting all neuromuscular disorders makes the scale more generic. The various
disorders are very different in origin and in phenotypes, meaning that the diseases may share similar
problems at activity level, but very different problems at impairment level. As an example, two
persons may have problems in walking — one because of a progressive dystrophy resulting in loss of
proximal muscle strength, the other because of neuropathy resulting in loss of distal muscle
strength. The scale assesses motor function in three dimensions. None of the dimensions are
targeting upper limb function, but motor performance from both upper and lower limbs are included
in the proximal and distal dimension. The distal dimension contains six items that assess distal
function in upper limb, and only one item that assess distal function in lower limbs. We chose to
omit the lower limb item to test the dimensions applicability to assess upper limb function in SMA
I1, and found that the subscale could then not discriminate among the strongest patients. This is
likely due to the fact that none of the six items measure antigravity function of the elbow or
shoulder. With such items included, the scale could properly be more sensitive and of more interest
as an outcome measure for upper limb function in SMA 1l. Since the MFM measures the ability to
perform activities that are not directly related to the patient’s daily function the scale is of more
limited use when the patient’s daily function is assessed. However, the various tasks can be
“translated” to daily activities; as an example do the ability to move one finger across squares,
indicate that the patient has capacity to use electronic equipment e.g. to drive his wheelchair or use

a computer.
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Assessments at participation level

Fatigue Severity Scale

The FSS was developed as a disease specific scale for use in MS and SLE [Krupp 1989], but its
present use in numerous disorders means that it is often considered as a generic scale. The scale has
been used in other neuromuscular disorders [Drory 2001, Gagnon 2008], but has to our knowledge
never been validated for use in these disorders. We showed that the scale can be used to reflect the
impact of fatigue in SMA Il and CM. Our analysis on the scale’s uni-dimensionality resulted in
findings similar to findings in other populations [Mills 2009, Ledal 2010], namely that the scale
properties regarding uni-dimensionality would improve if the first two items were omitted; a
finding that was supported by our qualitative data collected from two focus-group interviews. The
interviews were used as means to evaluate the scale’s content validity. This approach to assess
content validity is recommended to assure that the concept of interest captures the concept from the
patients’ perspective [Rothmann 2009], and that the scale contains data that are relevant to the
patient and can identify the patients’ experiences [Patrick 2011]. We believe that the use of mixed
methods to evaluate the properties of FSS provided results that could not have been obtained by an
exclusively quantitative approach. The combined analysis of interviews and statistical calculations
were an important process to understand the consistency between evidence and interpretations of
the scores. The use of focus-group gains ground in medical research, also to identify the patients’

priorities within research [Nierse 2013].

Visual analogue scale

VAS was used as a supplement to the FSS in the original study by Krupp [1989]. It is a generic
instrument widely used to rate the intensity of a phenomenon e.g. fatigue. Whether VAS data are at
interval or ordinal level is still much debated [ Kersten 2012, Price 2012]; in this study we treated
the scale as ordinal. The VAS scale is often used to assess FSS validity by demonstrating a degree
of concurrent validity among the two scales. This assumption can be questioned since the two scales
assess very different issues. The FSS assesses the impact of fatigue on daily functioning and the
VAS aims at reporting the intensity of fatigue. This is not the same; a feeling of fatigue can be very
intense for a period, but does not necessarily last for a long time, which could be the reason for the
moderate correlations between FSS and VAS in the CM group. This finding has been observed by
others [Flachenecker 2002]. The very strong correlations between FSS and VAS in the SMA Il
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group, do not contradict this; since fatigue was not a problem among patients with SMA 11, a low
score on both scales would be expected.
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CONCLUSION

In this study we have made a comprehensive description of the physical characteristics in spinal
muscular atrophy type Il. By including the total population of Danish patients with SMA Il we have
shown that adults have lesser muscle strength, minor physical capabilities and more contractures
than children and youngsters, and by repetitive assessments over several years we have clarified
that this type of neuromuscular disease follows a slow progressive course resulting in loss of muscle
strength and physical capabilities over time.

We have assessed the measurements most often used to evaluate impairment and activity in patients
with SMA 11, and we have emphasized that since muscle strength is best preserved in the upper
limbs, it is important to relate outcomes of muscle strength and motor function to this area. At
impairment level, this can be done by a MMT subscore of the upper limbs, whereas the hand held
dynamometer (Citec ™) used in this study, doesn’t have the ability to measure the weakest patients.
At activity level, both the EK2 subscore of five items and the MFM D3 scale can differentiate
among patients at all stages of SMA 11. Since the EK2 scale measures the capability to perform
daily activities and the MFM measures motor function, it can be recommended that the scales are
used complementary. The reliability of MMT subscore and EK2 subscore needs to be further
studied.

Fatigue is a factor that may influence participation. In this study, fatigue was shown to be
characteristic in patients with CM, but not in patients with SMA Il. The FSS, which is one of the
most commonly used scales to assess the impact of fatigue was appropriate to identify and evaluate
the presence of fatigue in both CM and SMA Il. However, similar to other studies we also found
that the scale properties would improve if the two first items were omitted. Larger groups of
patients are warranted to clarify other issues of fatigue, e.qg. if fatigue differs according to the
individual CM types, if fatigue in SMA 11 is dependent on the degree of personal assistance, and

what can be done to minimize fatigue in the patients.
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APPENDIX — THE FUNCTIONAL SCALES, PAPERS

Brooke upper limb scale (Brooke et al. 1981)

Item

1 Starting with the arms at the sides the patient can abduct arms in full circle until they touch above head
2 Can raise arms above head only by flexing the elbow

3 Cannot raise arms above head but can raise 8 oz glass of water to mouth

4 Can raise hands to mouth but cannot raise 8 0z glass of water to mouth

5 Cannot raise hands to mouth but can use hands to pick up pennies from table

6 Cannot raise hands to mouth and has no useful function of hands

Motor Function Measure D3 (Berard et al. 2005)
Distal dimension. Each item is scored from 0 — 3 with higher score representing higher function. Item number refers to
the number on the MFM.

Item

4 From plantar flexion, dorsiflexes the foot to at least 90° in relation to leg. (Supine, leg supported by examiner)

17 10 coins on table — successively picks up and holds 10 coins in hand during 20-second period

18 One finger placed in center of fixed CD — goes round the edge of CD with one finger without contact of the
hand on the table

19 Pencil on table. Pick up the pencil and draw loops inside frame

20 Holding sheet of paper: tears the sheet of paper

21 Tennis ball on table : pick up the ball and turn the hand over completely holding the ball

22 One finger placed in diagram (nine squares): raise the finger and place it successively on the squares
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Egen Klassifikation (EK) scale (Steffensen et al. 2001)

Egen Klassifikation Scale Version 2 (EK2)
Steffensen 2008

Ability to use wheelchair. How do you get around indoors and outdoors?

Able to use a manual wheelchair on flat ground, 10m < 1 minute
Able to use a manual wheelchair on flat ground, 10m > 1 minute
Unable to use manual wheelchair, requires power wheelchair
Uses power wheelchair, but occasionally has difficulty steering

pzd
WNEFE O~
>

Ability to transfer from wheelchair. How do you transfer from your wheelchair to a bed?

Able to transfer from wheelchair without help

Able to transfer independently from wheelchair, with use of aid

Needs assistance to transfer with or without additional aids (hoist, easy glide)
Needs to be lifted with support of head when transferring from wheelchair

WN O

Ability to stand. Do you sometimes stand? How do you do this?

Able to stand with knees supported, as when using braces

Able to stand with knees and hips supported, as when using standing aids
Able to stand with full body support

Unable to be stood

WN PO

Ability to balance in the wheelchair. Can you bend forwards and to the sides and return to the upright position?

Able to push himself upright from complete forward flexion by pushing up with hands

Able to move the upper part of the body > 30 in all directions from the upright position, but cannot push himself
upright as above

Able to move the upper part of the body < 30 from one side to the other

Unable to change position of the upper part of the body, cannot sit without total support of the trunk and head

o

N

Ability to move the arms. Can you move your fingers, hands and arms against gravity?

Able to raise the arms above the head with or without compensatory movements

Unable to lift the arms above the head, but able to raise the forearms against gravity, ie. hand to mouth with /
without elbow support

Unable to lift the forearms against gravity, but able to use the hands against gravity when the forearm is supported
Unable to move the hands against gravity but able to use the fingers

w N

Ability to use the hands and arms for eating. Can you describe how you eat?

Able to eat and drink without elbow support

Eats or drinks with support at elbow

Eats and drinks with elbow support; with reinforcement of the opposite hand +or — aids
Has to be fed

WwWN Pk O

Ability to turn in bed. How do you turn in bed during the night?

Able to turn himself in bed with bedclothes

Needs some help to turn in bed or can turn in some directions

Unable to turn himself in bed. Has to be turned 0 - 3 times during the night
Unable to turn himself in bed. Has to be turned > 4 times during the night

WN PO

Ability to cough. How do you cough when you have to?

Able to cough effectively

Has difficulty to cough and sometimes needs manual reinforcement. Able to clear throat

Always needs help with coughing. Only possible to cough in certain positions

Unable to cough, Needs suction and/or hyperventilation techniques or IPPB in order to keep airways clear

WN - O
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9 Ability to speak. Can you speak so that what you say can be understood if you sit at the back of a large room? N/A
Powerful speech. Able to sing and speak loudly 0
Speaks normally, but cannot raise his voice 1
Speaks with quiet voice and needs a breath after 3 to 5 words 2
Speech is difficult to understand except to close relatives 3

10 | Physical well-being. (This relates to respiratory insufficiency only — see manual)

No complaints, feels good 0
Easily tires. Has difficulty resting in a chair or in bed 1
Has loss of weight, loss of appetite, Scared of falling asleep at night, sleeps badly 2
Experience additional symptoms: change of mood, stomach ache, palpitations, perspiring, 3
11 | Daytime fatigue. Do you have to organise your day or take a rest to avoid getting too tired?
Doesn’t get tired during day 0
Need to limit activity to avoid getting too tired 1
Need to limit my activity and have a rest period to avoid getting too tired 2
Get tired during day even if I rest and limit activity 3
12 | Head Control. How much head support do you need in your wheelchair?
Does not need head support 0
Needs head support when going up and down slope (15° standard ramp) 1
Needs head support when driving wheelchair 2
When sitting still in a wheelchair needs head support 3
13 | Ability to control Joystick. What kind of joystick do you use to control your chair?
Uses a standard joystick without special adaptation 0
Uses an adapted joystick or has adjusted wheelchair in order to use joystick 1
Uses other techniques for steering than joystick such as blowing sucking systems or scanned driving 2
Unable to operate wheelchair. Needs another person to operate it 3
14 | Food Textures. Do you have to modify your food in any way in order to eat it?
Eats all textures of food 0
Eats cut up food or avoids hard/chewy foods 1
Eats minced/ pureed food 2
Main intake consists of being tube fed 3
15 | Eating a meal. (with or without assistance) How long does it take to complete a meal?
Able to consume a whole meal in the same time as others sharing the meal 0
Able to consume a whole meal in the same time as others only with encouragement or needs some additional time 1
Able to consume a whole meal but requires substantially more time compared to others (15 m or more extra) 2
Unable to consume a whole meal 3

16 | Swallowing. Do you ever have problems with swallowing?

Never has problems when swallowing and never chokes on food/drink, 0
May experience occasional (less than once a month) problems swallowing certain types of food or occasionally 1
chokes

Has regular trouble swallowing food/drink or chokes on food/drink (more than once a month) 2
Has trouble swallowing saliva or secretions 3

17 | Hand function. Which of these activities can you do?

Can unscrew the lid of a water of fizzy drink bottle and break the seal 0
Can write two lines or use computer keyboard 1
Can write signature or send text or use remote control 2
Cannot use hands 3

Total
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The Hammersmith functional motor scale for SMA (HMFS) (Main et al. 2003)

Score 2

Score 1

Score 0

Frog/chair sitting no hand support

Long sitting, no hands

1/2 roll from supine, both ways

Touches one hand to head (R/L?) (in sitting)
Touches two hands to head (in sitting)
Rolls prone to supine over R

Rolls prone to supine over L

Rolls supine to prone over R

Rolls supine to prone over L

Gets to lying from sitting (safely)

Achieves prop on forearms-head up

Lifts head from prone (arms down by sides)
Achieves four point kneeling-head up
Achieves prop on extended arms-head up
Gets to sitting from lying through side lying
Crawls

Lifts head from supine

Stands holding on with one hand

Stands independently count > 3

Takes four steps unaided

One hand support
One hand support
One way (R/L?)
Flexes head to hand
Flexes head to hands
Pushes on hand
Pushes on hand
Pulls on hand

Pulls on hand

Holds position when placed

Holds position when placed
Holds position when placed
Through prone

Crawls 2 m

Through side flexion

Stands with minimal trunk support

Stands independently count < 4

Takes 2—4 steps unaided

Two hand support
Two hand support
Unable
Unable
Unable
Unable
Unable
Unable
Unable
Unable
Unable
Unable
Unable
Unable
Unable
Unable

Unable

Hip/knee support needed

Stands momentarily

Unable
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72




Fatigue Severity Scale (FSS) (Krupp et al. 1989)

Your Name Date:

This questionnaire contains nine statements that rate the severity of your fatigue symptoms. Read
each statement and circle a number from 1 to 7, based on how accurately it reflects your condition
during the past week and the extent to which you agree or disagree that the statement applies to you.

***A low value (e.g. 1) indicates strong disagreement with the statement, whereas a high value
(e.g. 7) indicates strong agreement.

During the past week, | have found that: Disagree <+——— >  Agree
1. My motivation is lower when | am fatigued 1 2 3 4 5 6 7
2. Exercise brings on my fatigue. 1 2 3 4 5 6 7
3. I am easily fatigued. 1 2 3 4 5 6 7
4. Fatigue interferes with my physical functioning. 1 2 3 4 5 6 7
5. Fatigue causes frequent problems for me. 1 2 3 4 5 6 7

6. My fatigue prevents sustained physical functioning. 1 2 3 4 5 6 7

7. My fatigue interferes with carrying out certain duties
and responsibilities. 1 2 3 4 5 6 7

8. Fatigue is among my three most disabling symptoms. 1 2 3 4 5 6 7

9. Fatigue interferes with my work, family or social life. 1 2 3 4 5 6 7

Total Score:
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