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BACKGROUND 

Mobility is defined as “the ability to move or be moved in one's environment with 

ease and without restriction.”1 Adults might primarily associate personal mobility with 

getting around from one point to another, which is a relevant factor regarding 

physical independence as well as social participation. For children, it has other, more 

far-reaching meanings. With the achievement of independent mobility, young 

children begin to explore their surroundings actively and show an enhanced 

emotional expression and interaction with their caregivers.2 

It allows them to decide for themselves where they want to go or what they want to 

explore, and thus interact with their environment. Hence, acquisition of independent 

mobility is linked to developmental progression in cognitive, social, motor, and 

language capabilities in young children.3–6 

Independent mobility starts as soon as children discover their possibilities to move 

their body in any manner over the ground. However, parents often look anxiously 

forward to the moment their child starts to walk independently. For children, walking 

is not the objective, but a way of expanding and experiencing their environment. The 

onset of independent walking is known to change children’s moods and their manner 

of interaction with other people.4 Within this context, social mobility is considered as 

the simultaneous engagement in self-directed locomotion and direct peer 

interaction.7 

When independent walking has become an everyday activity, motor and social 

experiences stimulate further locomotor skills and strategies. These abilities 

encourage children to master different terrains, speeds, and obstacles while walking, 

running, or jumping.8 

Whereas reaching milestones of motor development is assumed to be normal in 

typically developing children, the range and variability of problems in motor 

development are huge in children with neuromotor disabilities. These children are 

often restricted with regard to independent mobility and daily walking activity. Their 

physical activity (PA) levels have been shown to be lower than in children who are 

developing typically; and PA levels subsequently decline the more children are 

disabled concerning their motor skills.9,10 Being carried or pushed in a stroller or 
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wheelchair limits their abilities to explore and experience their environment actively. 

Hence, a substantial difference exists in social mobility between children with 

disabilities and those who are developing typically.7 This gap is evident in different 

contexts as for instance on the playground, in the classroom, or in the gymnasium; 

and evidence suggests that it increases with age.7 

NEUROMOTOR DISORDERS IN CHILDREN 

Cerebral palsy (CP) is one of the most common physical disabilities, which affects 

about 2-3 children per 1’000 live births in the Western countries.11 It is defined as “a 

group of permanent disorders in the development of movement and posture, causing 

activity limitations that are attributed to non-progressive disturbances that occurred 

in the developing fetal or infant brain. The motor disorders of CP are often 

accompanied by disturbances of sensation, perception, cognition, communication, 

and behavior, by epilepsy, and by secondary musculoskeletal problems”.11 Although 

CP is a permanent disorder caused by a non-progressive lesion, its developmental 

consequences are often progressive due to the challenges posed by the 

environment, which become more and more demanding when growing up.12  

The classification of CP is based on the dominant type of tonus or movement 

abnormality, categorized as spasticity, dystonia, choreoathetosis, or ataxia. Further, 

a differentiation of unilateral versus bilateral motor involvement is helpful.11 

CP affects multiple dimensions of health. An extensive literature review showed 

high- and moderate-quality evidence that among children with CP, three in four were 

in pain, one in two had an intellectual disability, one in three had a hip displacement, 

and one in three could not walk. Further, one in four could not talk, one in four had 

epilepsy, one in four had a behavior disorder, one in four had bladder control 

problems, one in five dribbled, one in ten was blind, one in 15 was tube-fed, and one 

in 25 was deaf.13 The experienced pain, fatigue, and impairments to body structure 

and function affect children’s and youths’ participation in school and leisure 

activities.14 Furthermore, young people with CP walk significantly less each day 

when compared to their typically developing peers and exhibit less habitual PA in 

daily life, regardless of their functional impairment level or their age.15,16 CP is a 
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lifelong condition, which can result in various secondary impairments or limitations, 

which impact on physical, social as well as mental well-being during the further 

course of life.17 

The movement abilities of children with CP are characterized with the internationally 

widely employed expanded and revised Gross Motor Function Classification System 

(GMFCS - E&R).18 The GMFCS - E&R describes a child’s current gross motor 

function based on its self-initiated movement with emphasis on sitting, walking, and 

wheeled mobility (Figure 1.1.). By grouping a child into one of five levels, using 

different age-bands, it describes what equipment or mobility devices a child needs 

to move at home, school, outdoors, or in the community. The described 

differentiations between consecutive levels represent differences in gross motor 

function that are supposed to be meaningful in children’s everyday lives. With its 

properties, the GMFCS – E&R facilitates the communication between health 

professionals and families regarding therapy goal setting, treatment planning, and 

prognosis concerning the expected level of independence. In clinical research, the 

GMFCS – E&R can be used to classify children with CP into more homogeneous 

groups regarding their motor function.  
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Figure 1.1. The Gross Motor Function Classification System – expanded and revised (GMFCS – E&R) 

between 6th and 12th birthday: descriptors and illustrations.  

The GMFCS - E&R is a 5-level classification system that describes the gross motor function of children 

and youths with cerebral palsy based on their self-initiated movement with an emphasis on sitting, walking, 

and wheeled mobility.  

GMFCS – E&R descriptors: copyright © Palisano et al. 2008.18 Illustrations: copyright Version 2 © Bill 

Reid, Kate Willoughby, Adrienne Harvey and Kerr Graham, The Royal Children’s Hospital Melbourne. 
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However, it is essential to understand that as a classification tool, the GMFCS – E&R 

was not designed to measure change over time, and seems therefore not to be the 

most appropriate choice as an outcome tool to measure change over time. 

The described heterogeneity and multifaceted aspects of CP apply to many more 

neuromotor disorders in children, whether they are congenital, like CP, spina bifida, 

or genetic disorders - or acquired, like traumatic brain injury or stroke. Thus, most of 

these neuromotor disorders have a substantial impact on many different aspects of 

those children’s lives. 

INTERNATIONAL CLASSIFICATION OF FUNCTIONING, DISABILITY AND 

HEALTH 

To describe and organize all health and health-related domains of functioning and 

disability in patients on individual and population levels, the World Health 

Organization (WHO) established in 2001 a theoretical framework and classification 

system - the International Classification of Functioning, Disability and Health - better 

known as the ICF.19 As developing children and youths have particular 

characteristics regarding health and functioning and are confronted with the 

influence of their environment, the ICF for Children and Youth (ICF-CY) was 

established in 2007.20 Like the ICF, the ICF-CY is structured on the one hand into 

the part “functioning and disability”, which is further characterized by the components 

“body structures and functions” and “activities and participation”, and on the other 

hand into the “contextual factors”, which include the components “environmental 

factors” and “personal factors”. These structures facilitate a holistic view when 

documenting or measuring a child’s health and disability, as well as when planning 

or evaluating interventions in clinical and research settings. The ICF model illustrates 

the interaction of the included components (Figure 1.2.). 
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Figure 1.2. The International Classification of Functioning, Disability and Health (ICF) Model: Interaction 

between the ICF components.  

The health condition of a person is viewed as result of a complex dynamic interaction of the different ICF 

components “body function”, “body structure”, “activities”, and “participation” – with environmental and 

personal factors also influencing the person’s functional status. 

PEDIATRIC NEUROREHABILITATION 

Associated with the heterogeneity of children’s and youths’ impairments, pediatric 

neurorehabilitation covers a vast area of different therapy concepts and intervention 

strategies that are supplied by health professionals from various specialties. Physical 

therapists, occupational therapists, speech and language therapists, and physicians 

work along with sports therapists, nurses, teachers, and (neuro-)psychologists in a 

multidisciplinary team on the overarching goal of pediatric neurorehabilitation, which 

is to enable children and youths with congenital or acquired neuromotor disorders to 

live their lives as independently as possible. While in past times, the priorities of 

rehabilitation predominantly lay on body structures and functions, the focus 

increasingly shifted to enhancing activities and participation within the last two 

decades.21 In other words, the goal is to find ways to enable children and their 

families to actively take part in society, despite the limitations that the disability 

imposes on them. 

In a qualitative study, youths with CP, parents, and medical professionals were 

asked which issues they found most important to consider when evaluating the 

effects of an intervention for children with CP. The answers to this open-ended query 

covered all ICF-CY components as well as concepts that are not included in the ICF-
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CY, like quality of life. All involved groups equally identified mobility as one domain 

of importance.22 

There is a broad range of interventions that address gait or walking ability in children 

with neuromotor disorders. Conservative treatment approaches can be classified as 

either impairment-based or task-specific.23 Impairment-based approaches, for 

example strength training, focus on the treatment of the body structure and function 

component of the ICF-CY, while task-specific approaches, such as on-ground gait 

training or partial body-weight supported treadmill training (PBWSTT), target at the 

ICF-CY’s activity and participation component. 

Although a high number of studies have been performed on the effectiveness of gait 

training in children with neuromotor disorders, they are very heterogeneous in 

various aspects. Interventions expand from conventional overground gait training,24 

home exercise programs,25 resistance training,26 biofeedback interventions27 and 

neurodevelopmental treatment28 to functional electrical stimulation,29 treadmill 

training with and without body-weight support30 to different types of robot-assisted 

gait training (RAGT).31 The implementation modes of these interventions vary from 

two to ten sessions per week, over a duration of two to twelve weeks, and patient 

samples include children with CP, Down syndrome, spinal cord injury, and mixed 

neurological diagnoses.23,30 Furthermore, most evidence originates from low-level 

methodological quality studies without control groups.23 Related to task-specific gait 

training, results of a recent meta-analysis showed a substantial effect of various 

interventions on gait speed in children with CP.23 An earlier review on systematic 

reviews found promising results as well when looking at different kinds of treadmill 

training in pediatric neurorehabilitation, including treadmill training with or without 

partial body-weight support and RAGT.30 

Nevertheless, there remains a significant lack of knowledge concerning the 

effectiveness as well as the optimal dosage of gait training in pediatric 

neurorehabilitation. This includes parameters like frequency, duration, number of 

training sessions, as well as information on the optimal intensity of the training 

regarding gait speed and percentage of body-weight support during PBWSTT or 
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RAGT. Further, it remains unclear, whether children with different functional walking 

levels or diagnoses would profit from different types of gait training. 

ROBOT-ASSISTED GAIT TRAINING 

RAGT, being one of these various approaches of gait training, has become an 

increasingly common therapeutic intervention in pediatric neurorehabilitation over 

the last decade. Our rehabilitation center Affoltern am Albis of the University 

Children’s Hospital Zurich, Switzerland was the first clinical center that implemented 

RAGT with the driven gait orthosis Lokomat® (Hocoma AG, Volketswil, Switzerland) 

in children and adolescents in 2005. The Lokomat automates gait therapy on a 

treadmill by two actuated leg orthoses, which are available in two different sizes 

(pediatric and adult modules). These can be individually adapted to the patient’s legs 

and are attached with cuffs of various available sizes, while the patient is secured 

using a counter system with a harness providing partial body-weight support (Figure 

1.3.). RAGT with the Lokomat has been shown to be a feasible and safe treatment 

option for children and youths.32,33 It facilitates a task-specific training with high levels 

of repetitions while the therapist can incorporate variations by changing the joints’ 

range of motion, gait speed, amount of body-weight support, and guidance force, or 

by introducing additional tasks while the child walks on the treadmill.34 With these 

features, RAGT combines many characteristics that are important for motor 

learning.35 Moreover, RAGT with the Lokomat seems to induce physiological surface 

electromyography activity patterns when compared to overground walking, with 

activity patterns that are more physiological than when walking unsupported on a 

treadmill.36,37 

While children do not always feel excited to use robotic technology and may even 

be scared to a certain degree,14 the modern technology appeals to parents, and also 

seems to raise high expectations regarding gains in their child’s walking abilities and 

the development towards a more physiological gait pattern.38 Expectations that, 

however, have not yet been scientifically confirmed; although a few randomized 

controlled trials (RCTs) on the effectiveness of RAGT with the Lokomat in children 

with CP exist, they showed serious limitations in terms of study design, dropout rates, 
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and lacking descriptions of the (control) interventions.39–41 Furthermore, these 

studies focused on body function measures. However, researchers who only use 

body function measures overlook the fact that children with a disability do not 

necessarily desire to walk in so-called typical gait patterns, but refer to their usual 

walking pattern as “normal”.42 A recent systematic review analyzed the evidence on 

the optimal application mode and the effectiveness of RAGT in children with various 

gait disorders.31 The authors concluded that clear training prescriptions and delivery 

modes for RAGT in children are absent and that evidence of its effectiveness is still 

weak and inconsistent. 

Another factor that hampers the gain of evidence regarding the effectiveness of 

RAGT in children is the huge variety of outcome measures that have been used in 

the studies so far.30,31 Thus, to increase the impact of single studies and herewith 

the overall evidence in this field, higher-level trial designs are needed to evaluate the 

effectiveness of RAGT in children across different diagnoses, ages, and outcome 

domains. Additionally, it is crucial to apply a more consistent assessment approach 

across studies, including measures that are relevant for the children and their 

families within the different components of the ICF-CY.43 For the time being, while 

waiting for new high-quality evidence, clinicians and researchers can find advice 

within the practical recommendations of an international expert panel on how to 

apply RAGT in children with CP.34 
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Figure 1.3. Robot-assisted gait training (RAGT) of a child on the Lokomat (Hocoma, Volketswil, 

Switzerland). 

The two actuated leg orthoses are individually adapted to the patient’s legs. The exoskeleton’s 

movements are controlled and adjusted by the Lokomat software, which allows the regulation of knee- 

and hip-range of motion, treadmill speed, and the supportive force of the drives. 
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MEASUREMENT INSTRUMENTS ASSESSING WALKING ABILITY 

Measures that evaluate the effect of RAGT address mainly gait function, which can 

be linked to the components “body structures and functions” as well as “activities 

and participation” of the ICF-CY structure. Activity and participation measures can 

be further differentiated into the constructs “capacity” and “performance” (Figure 

1.4.).20 

 
Figure 1.4. The International Classification of Functioning, Disability and Health (ICF) structure.  

The two constructs “performance” and “capacity” can be used to indicate how the environment influences 

a person’s activities and participation, and how environmental change may improve a person’s 

functioning. 

While capacity describes what a child “can do in a standardized, controlled 

environment,” performance refers to what a child “actually does do in his or her daily 

environment.” A third construct, which is not part of the ICF-CY structure, is 

“capability”, which describes what a child “can do in his or her daily environment.”44 

Thus, the impact of the environment is minimized as much as possible when 

assessing capacity, whereas the physical environment is taken into account for the 

assessment of a child’s capability, and both, the physical and social environment, 

are considered when evaluating a child’s performance. Consequently, a 

discriminating factor between these three constructs is the interaction between a 

person and the environment (Figure 1.5.). 

In real life, we are always exposed to the influence of the social and physical 

environment. Given the significance of enabling children with a disability and their 

families to live an as independent life as possible, gait interventions and definitions 

of goal attainment should therefore reflect activities or participation in the scope of 

performance. “The gap between capacity and performance reflects the difference 
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between the impacts of current and uniform environments, and thus provides a 

useful guide as to what can be done to the environment of the individual to improve 

performance.”19 

 
Figure 1.5. Impact of various factors on the constructs “capacity,” “capability,” and “performance.” 

The three triangles schematically illustrate the influence of the different factors on the constructs 

“capacity”, “capability”, and “performance”; the further away the corner points are from the center of the 

axes, the larger is the impact of this factor on the construct. 

Nevertheless, in practice, the primary focus of studies in children with CP lies on 

assessing the functioning and disability part of the ICF-CY, while the contextual 

factors are far less frequently examined.43 Frequently applied measures to document 

changes after gait interventions in children are manual muscle tests for the 

assessment of muscle strength and range of motion measurements to evaluate joint 

mobility. Besides these measures of body function, also activity measures reflecting 

capacity are widely used, such as the Gross Motor Function Measure (GMFM), 

which may be considered as the criterion measure of gross motor function in children 

with CP. Also popular are timed walking tests, for example the 6-minute walk test, 

for which children have to cover as many meters as possible within six minutes, or 

10-meter walk tests, which measure the time a child takes to walk ten meters at their 

preferred or maximal speed. Performance measures, however, are only rarely used 



14 CHAPTER 1 
 

in studies which evaluate the effectiveness of different kinds of treadmill training in 

children with neuromotor disorders.30 

Another area of importance when choosing appropriate measures besides the 

above-mentioned ICF-CY components is to consider the measurement goals. 

Depending on whether the objective of the measurement is prognostic, diagnostic, 

or evaluative, different psychometric properties are given priority in the patient 

population in question. To assess the effectiveness of an intervention, validity (the 

degree to which an instrument measures the construct(s) it purports to measure), 

reliability (the extent to which scores for patients who have not changed are the same 

for repeated measurements under several conditions) and especially 

responsiveness (the ability of an instrument to detect change over time in the 

construct to be measured) are crucial properties of a test instrument.45 However, 

evidence so far showed that although many different measures exist to assess 

various activities of daily living (ADL) or activity limitations in children and 

adolescents with neuromotor disorders, most of these tools require further research 

to gain full clarity on their psychometric properties.46–49 

CLINICAL BACKGROUND, AIMS, AND OUTLINE OF THIS PHD-THESIS 

RAGT with the Lokomat was implemented in the neuropediatric treatment regime of 

our rehabilitation center more than ten years ago, but evidence of its effectiveness 

in the pediatric population is still mainly restricted to case series studies and 

inconclusive (randomized) controlled trials.32,39–41,50–55 Also, our practical experience 

is ambiguous: RAGT with the Lokomat is only one piece of the puzzle of various 

interventions within a multi-modal approach during inpatient rehabilitation in our 

center that affects gait function. Thus, improvements in gait function after an inpatient 

rehabilitation period cannot solely be attributed to the Lokomat training. Furthermore, 

parents often report an improvement in their child’s gait function after an outpatient 

RAGT period, which we cannot necessarily quantify with the outcome measures that 

are included in our standardized assessment procedure. 

Our recurring observation that subjectively perceived improvement cannot be 

objectified with our applied measurement instruments made us realize and 
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appreciate the significant role of outcome assessment in clinical practice as well as 

in research. As pediatric intervention studies often lack large sample sizes, the gain 

of evidence depends not only on high-quality trials but also on the possibility of 

pooling the results of comparable studies. It requires, on the one hand, the 

availability of psychometrically sound and clinically relevant and applicable outcome 

instruments, and on the other hand a harmonization of the applied outcome tools 

while still ensuring coverage of all ICF-CY components. 

Consequently, we aimed to summarize the evidence of gait instruments and their 

psychometric properties in neuropediatric populations within a systematic review. 

We present the results of this systematic review on gait-related outcomes in children 

with neuromotor disorders in chapter 2. Based on the systematic review, we aimed 

to select outcome measures reflecting ICF-CY components and constructs that are 

so far un- or underrepresented in our clinic and that we considered relevant and 

feasible to be applied in our pediatric inpatient neurorehabilitation setting. With the 

Functional Mobility Scale (FMS) and the Gillette Functional Assessment 

Questionnaire – walking scale (FAQ), we chose two mobility measures that reflect 

the component “activity” and the construct “performance” within the ICF-CY. We 

translated these measures into German and report on their validity (chapter 3), 

reliability (chapter 4), and responsiveness and minimal important change (chapter 5) 

in our inpatient neurorehabilitation population. 

A further aim of this PhD-project was to evaluate the effectiveness of RAGT with the 

Lokomat in children and adolescents with CP. Pediatric Lokomat training involves a 

considerable amount of resources – from the patient and family side (time, costs, 

travel expenses as pediatric Lokomats are available at only two locations in all of 

Switzerland), the health care providers (infrastructure, training of staff, number of 

therapists per training), and health insurance companies (meeting the costs). 

Considering all these resources, a clarification of its effectiveness in our pediatric 

population is paramount. Our RCT already started in 2009, and as we wanted to 

incorporate the circumstances and conditions of the everyday clinical practice as 

much as possible, we chose a pragmatic trial design. This design also reflects the 
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outcome measures that we have used and still use today as standard to measure 

the therapeutic progress of children performing RAGT in our clinic. 

We present the detailed study protocol of this pragmatic RCT on the effectiveness 

of RAGT in chapter 6 and discuss the results of the recently completed trial in chapter 

7. In chapter 8, we provide an overall discussion about the findings of this PhD-

thesis. 
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ABSTRACT 

BACKGROUND: Sound measurement properties of outcome tools are essential 

when evaluating outcomes of an intervention, in clinical practice and in research. 

PURPOSE: The purpose of this study was to review the evidence on reliability, 

measurement error, and responsiveness of measures of gait function in children with 

neuromuscular diagnoses. 

DATA SOURCES: The MEDLINE, CINAHL, EMBASE, and PsycINFO databases 

were searched up to June 15, 2012. 

STUDY SELECTION: Studies evaluating reliability, measurement error, or 

responsiveness of measures of gait function in 1- to 18-year-old children and youth 

with neuromuscular diagnoses were included. 

DATA EXTRACTION: Quality of the studies was independently rated by two raters 

using a modified COnsensus-based Standards for the selection of health status 

Measurement INstruments (COSMIN) checklist. Studies with a fair quality rating or 

better were considered for best evidence synthesis. 

DATA SYNTHESIS: Regarding the methodological quality, 32 out of 35 reliability 

studies, all of the 13 measurement error studies, and five out of 10 responsiveness 

studies were of fair or good quality. Best evidence synthesis revealed moderate to 

strong evidence for reliability for several measures in children and youth with 

cerebral palsy (CP) but was limited or unknown in other diagnoses. The Functional 

Mobility Scale (FMS) and the Gross Motor Function Measure (GMFM) dimension E 

showed limited positive evidence for responsiveness in children with CP, but it was 

unknown or controversial in other diagnoses. No information was reported on the 

minimal important change; thus, evidence on measurement error remained 

undetermined. 

LIMITATIONS: As studies on validity were not included in the review, a 

comprehensive appraisal of the best available gait-related outcome measure per 

diagnosis is not possible. 
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CONCLUSIONS: There is moderate to strong evidence on reliability for several 

measures of gait function in children and youth with CP, whereas evidence on 

responsiveness exists only for the FMS and the GMFM dimension E. 
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INTRODUCTION 

Achieving, restoring, or sustaining the ability to walk is one of the main goals when 

rehabilitating children with congenital or acquired neuromuscular diagnoses. 

Although one in two children with cerebral palsy (CP) can walk independently, one 

in six use walking aids and thus are at high risk to lose walking function during 

adolescence.1 

To evaluate interventions and monitor progress, valid, reliable, and responsive 

assessment tools are essential.2 Information on validity (the degree to which an 

instruments measures the construct it purports to measure), reliability (the degree to 

which the measurement is free from measurement error), and responsiveness (the 

ability of an instrument to detect change over time in the construct to be measured) 

is a prerequisite in the decision-making process of determining which measures 

should be chosen in the clinical setting as well as in research. 

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

World Health Organization provides a theoretical framework and classification 

system for describing and measuring health and health-related states.3 In 2007, the 

ICF was complemented for children and youth (ICF-CY).4 Like the ICF, the ICF-CY 

classifies outcome into four domains: “body function and structure”, “activity” (the 

execution of a task or action by an individual), “participation” (the person’s 

involvement in a life situation), and “environmental and personal factors.” When 

monitoring progress, it is important to distinguish between what a patient is capable 

of in a standardized controlled environment (capacity) and what the patient actually 

does in his or her daily environment (performance).5  

Interventions are often carried out with the goal of affecting clinically important 

activity and participation domains. Bjornson et al., for example, demonstrated this 

approach in their comprehensive evaluation of the effect of Botulinum Toxin, not only 

on spasticity but also on functional activities in children with CP.6 Therefore, the 

evaluation of measures being classified in these domains is needed. 

Systematic reviews on measurement properties of assessment tools can facilitate 

the clinician’s or researcher’s search for an appropriate measurement instrument.7 

Knowledge on the reliability, measurement error, and responsiveness of evaluative 
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measurement tools, in particular, is important for the evaluation and clinical 

interpretation of change scores. In quantifying gait and gait-related outcome, some 

systematic reviews focused on activity and participation measures in children with 

CP,8–12 dynamic balance in children with acquired brain injury,13 functional mobility 

tools in children with hereditary spastic paraplegia and other childhood neurological 

problems,14 or computerized gait analysis techniques in children with CP or spina 

bifida.15 Young and Wright identified physical function scales appropriate for 

pediatric orthopaedics,16 and a recent review evaluated the 6-Minute Walk Test 

(6MinWT) in children with chronic conditions.17 Children especially not only use gait 

to get from place to place but also integrate gait into all kinds of playful activities. 

Consequently, different constructs have to be considered when assessing gait 

function in children. To our knowledge, no review has summarized the evidence on 

the different constructs that are an integral part of gait function, nor do we know of 

any review that included studies on the whole spectrum of existing neuromuscular 

diagnoses in children. Therefore, the purposes of this literature review were: (1) to 

give an overview of available capacity and performance measures for the evaluation 

of gait function in children and youth with neuromuscular diagnoses and (2) to 

evaluate the current level of evidence for reliability, measurement error, and 

responsiveness of those measures. 

METHODS 

Data sources and searches 

We performed an electronic search on June 15, 2012, in MEDLINE (via PubMed 

1966-2012), CINAHL (via EBSCO 1981-2012), EMBASE (via embase.com 1974-

2012), and PsycINFO (via EBSCO 1806-2012). Key search terms and MeSH terms 

were separately searched in three main filters, which comprised the construct (gait 

function), the target population (child AND neuromuscular diagnosis), and the 

measurement properties, and were then combined with an exclusion filter. In 

PubMed, a validated search filter for finding studies on measurement properties was 

used.18 The full search strategy is described in supplemental Table 2.2. We also 

reviewed the references of the included articles to identify additional eligible articles. 
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Additionally, a second search was performed in PubMed, including the identified 

outcome instruments in combination with the terms for the target population. 

Study selection 

Screening of titles and abstracts as well as reviewing potentially eligible full-text 

articles were independently performed by two reviewers (C.A. and H.vH.). Cases of 

disagreement were discussed until consensus was reached. To be included, studies 

had to meet the following a priori formulated criteria: (1) the study evaluated capacity 

or performance measures related to gait function, thus being classified as activity or 

participation measure according to the ICF model; (2) constructs included were 

walking ability, functional mobility, speed, endurance and dynamic balance, and all 

constructs had to be measured during walking or running, or they were excluded 

(e.g., cardiorespiratory fitness during bicycle ergonometry); (3) the study population 

consisted of 1- to 18-year-old children and youth with neuromuscular diagnoses or 

developmental disabilities; (4) the study aim was the evaluation of reliability, 

measurement error, or responsiveness of the measure under question; and (5) 

articles were published in English or German as original articles in peer-reviewed 

journals. Semistructured interviews, multi-item scales with less than 50% of the items 

being gait specific, and individualized tools not exclusively focusing on gait were 

excluded, as well as articles containing translations or transcultural adaptations of 

measures into languages other than English, German, or Dutch. Falls and static 

balance were not considered gait specific. Anaerobic and aerobic measures of 

pulmonary function, even when tested during walking, were considered body 

functions in the ICF model; thus, papers dealing with only these constructs were also 

excluded. 

Data extraction and quality assessment 

We used a standardized protocol. Because no software was available, we developed 

a database based on Microsoft Access 2010 (Microsoft Corp, Redmond, 

Washington) for comprehensive data management, including paper selection, 

methodological quality scoring, and the data extraction process. 

Evaluation of the methodological quality of the included studies 
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Two reviewers (C.A. and H.vH.) independently evaluated the methodological quality 

of the included studies using the 4-point rating scale of the COnsensus-based 

Standards for the selection of health status Measurement INstruments (COSMIN) 

checklist. This instrument was developed in an international, multidisciplinary Delphi 

study to evaluate the methodological quality of studies on measurement properties 

of health status instruments.19–21 Within the COSMIN checklist, we used the three 

boxes evaluating the methodological quality of the studies on reliability, 

measurement error, and responsiveness. Whereas reliability is defined as the 

proportion of the total variance in the measurements which is due to ‘‘true’’ 

differences among patients, measurement error stands for the systematic and 

random error of a patient’s score that is not attributed to true changes in the construct 

to be measured.22 Responsiveness is defined as the ability to detect change over 

time in the construct to be measured.22 Each item within a box was rated as 

“excellent”, “good”, “fair,” or “poor.” An overall score for the methodological quality of 

the study was determined by taking the lowest rating of any of the items in a box. 

Cases of disagreement were discussed until consensus was reached or, where not 

possible, resolved by a third, independent reviewer (C.B.). In every COSMIN box, 

there is an item concerning the sample size requirements. For a “fair” rating of this 

item, a study has to have at least 30 participants. In the neuropediatric field, this 

criterion would lead to a “poor” rating for many of the psychometric studies that 

otherwise would be scored at least as “fair”. As this criterion would result in a loss of 

these articles for best evidence synthesis, we decided to use a modified COSMIN 

checklist and omit the sample size item from the quality assessment. Instead, in line 

with previous systematic reviews and after consultation with authors from the 

COSMIN checklist, we accounted for it at the best evidence synthesis stage.17,23 

Data extraction 

General characteristics of the instruments and data on interpretability and 

generalizability of the study results were extracted using the two corresponding 

COSMIN checklist boxes. A part of the CanChild Outcome Measures Rating Form 

was completed to describe the clinical utility of the evaluated outcome measures in 

terms of test format, time for test administration, required assessor training, and 
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costs (supplemental Table 2.1.).24 If essential information was missing in the original 

publication, the authors were contacted to provide these data. 

Best evidence synthesis 

Based on quality criteria proposed by Terwee et al.,25 one reviewer (C.A.) rated the 

results of the measurement properties for each study as positive, indeterminate, or 

negative (Tab. 2.1.). If studies evaluating the same outcome measure were 

sufficiently homogenous concerning the study population, design, and measurement 

procedure, an overall rating, adjusted for methodological quality, was performed. 

The best evidence synthesis included only results from studies rated as being of 

“excellent,” “good,” or “fair” methodological quality on the COSMIN. The level of 

overall evidence was rated on the basis of the strategy from the Cochrane Back 

Review Group as “strong,” “moderate,” “limited,” “conflicting,” or “unknown” (Tab. 

2.2.).26 

To account for the sample size, the level of evidence was rated as “strong”, when 

the total sample size of combined studies was ≥100, “moderate” for a total sample 

size between 50 and 99, “limited” for a total sample size between 25 and 49, and 

“unknown” when the sample size was fewer than 25.23 
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Table 2.1. Quality criteria for measurement properties 

 

Table 2.2. Levels of evidence for the overall quality of the measurement properties  

(based on the Cochrane Back Review Group 200326) 
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RESULTS 

Description of the included studies 

The systematic search resulted in 2’467 references. After screening of titles and 

abstracts, 70 potentially relevant full-text articles remained. Finally, 42 studies with 

27 different outcome measures (22 capacity and 5 performance measures) met the 

inclusion criteria (Figure 2.1.). 

The characteristics of the studies are summarized in Tables 2.3. and 2.4. All 

available capacity and performance measurement tools, including their clinical utility, 

are shown in supplemental Table 2.1. Some studies evaluated measurement 

properties of different outcome measures and, therefore, are mentioned multiple 

times in Tables 2.3. and 2.4.27–35 Reliability was evaluated in 35 studies, 13 studies 

dealt with measurement error, and 10 studies examined responsiveness. Children 

with CP were most prevalent in the assessed studies (n=26), followed by Duchenne 

muscular dystrophy (DMD) (n=3), Down syndrome (DS) (n=2), and acquired brain 

injury (n=2). Children with stroke, spina bifida, developmental coordination disorder, 

and spinal muscular atrophy were each represented in one study, whereas five 

studies evaluated measures of gait function in mixed patient groups. The Gross 

Motor Function Measure (GMFM) dimension E (n=7), gait speed (n=6), cadence 

(n=5), Timed “Up & Go” Test (TUG) (n=4), and 6MinWT (n=4) were the most 

frequently evaluated measures of gait function. 

Measurement properties 

All results concerning the methodological quality of the studies are based on the 

modified COSMIN checklist without the sample size requirements. The 

methodological quality of 16 of the 35 studies evaluating reliability was rated as 

“good”, 16 as “fair,” and three as “poor” (Tab. 2.3.). Reasons for a “poor” rating were 

no or sparse description of the study population and study procedures36 and flaws in 

the statistical analysis, as judged based on criteria of the COSMIN checklist.37,38  
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Figure 2.1. Flowchart of the literature search and the selection of the studies. 
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Test-retest reliability (the consistency of a measure from one time to another) was 

evaluated 27 times, interrater reliability (the degree of agreement among different 

raters) was evaluated 15 times, and intrarater reliability (the degree of agreement 

among multiple repetitions of a test performed by a single rater) was evaluated eight 

times. Most studies reported a positive result when the quality criteria concerning the 

reliability coefficients displayed in Table 2.1. were applied. 

Only three studies showed negative reliability results: One study evaluated gait 

speed of children with developmental coordination disorder on the GAITRite gait 

analysis system (CIR Systems Inc, Sparta, New Jersey),30 one study investigated 

the gross motor domain of the Paediatric Stroke Activity Limitation Measure in 

children with stroke,39 and one study evaluated the balance subset of the Bruininks-

Oseretsky test, the full-turn test, and the TUG in children with DS.29 However, this 

latter study was rated as “poor” and was not taken into account for best evidence 

synthesis. 

Measurement error 

In the 13 studies concerning the measurement error, the quality was rated as “good” 

in nine studies and as “fair” in four studies (Tab. 2.3.). Information on measurement 

error was available for the 6MinWT,27,28,41 the Shuttle Run Test,42,44 the 10X5-Meter 

Sprint Test,43 the 10-Meter Fast Walk Test,28 the Fast-1-Minute Walk Test,48 the 

GAITRite,31,46 the Community Balance and Mobility Scale,47 the Functional Walking 

Test,49 gait speed,50 the maximal speed during the Treadmill Walking Test,27 and the 

28-item and 47-item Mobility Questionnaire (MobQues28 and MobQues47).32 

Responsiveness 

Of the 10 studies on responsiveness, one study was rated as “good,” four studies 

were considered “fair,” and five studies were rated as “poor” (Tab. 2.4.). Reasons for 

a “poor” rating - based on criteria of the COSMIN checklist – were the use of 

inappropriate statistical methods in all five studies, the lack of a comparator 

instrument,33,34,65,66 and no clear description of the assessment protocol.33,34 The 

studies with a “poor” rating concerned the 6MinWT,65 cadence and gait speed 

measured with the GAITRite34 and 3-dimensional gait analysis,33 the dimension E of 

the GMFM,33,67 and the Functional Mobility Scale (FMS).66 
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Best evidence synthesis 

Results of the best evidence synthesis are summarized in Table 2.5. 

Reliability 

Given the large diversity of outcome measures and studied patient populations, 

results could rarely be combined. There was strong positive evidence for interrater 

reliability of the FMS in children with CP.63,64 Moderate positive evidence was shown 

for test-retest reliability of the 6MinWT28,41 and the TUG57,69 in children with CP. 

Similarly, moderate positive evidence was found for intrarater reliability of the 

Functional Walking Test49 and the MobQues28 and MobQues4732 as well as for 

interrater reliability of the MobQues28/47 in children with CP.32 Limited positive 

evidence for reliability in children with CP was available for the following instruments: 

the 10X5-Meter Sprint Test,43 the 10-Meter Fast Walk Test,28 the ABILOCO-Kids,45 

cadence measured with the GAITRite,31,46 gait speed measured with a stopwatch,50 

and the Quality Analog Scale.55 Also, limited positive evidence for reliability was 

available for the Community Balance and Mobility Scale in children with acquired 

brain injury47 and the walking scale of the Functional Assessment Questionnaire in 

children with mixed neuromuscular diagnoses.62 

Responsiveness 

Moderate negative evidence was available for responsiveness of the dimension E of 

the GMFM in children with DS. However, when – in addition to the standard scoring 

procedure - the child’s caregiver was asked for information regarding activities of the 

child demonstrated at home but failed to perform during the assessment (reported 

score), there was moderate positive evidence for responsiveness instead.51 

Furthermore, limited positive evidence was available for responsiveness of the 

FMS63 and the dimension E of the GMFM53 in children with CP. 
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Table 2.3. Characteristics of the included studies (reliability and measurement error) 
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Table 2.3. Continued 
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Table 2.3. Continued 
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Table 2.3. Continued 
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Table 2.4. Characteristics of the included studies (responsiveness) 
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Table 2.5. Best evidence synthesis 

 

DISCUSSION 

The purpose of this systematic literature review was to evaluate the evidence on 

reliability, measurement error, and responsiveness of functional measures of gait in 

children and youth with neuromuscular diagnoses. We identified 42 eligible papers 
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evaluating the measurement properties of 27 different measures of gait function. 

These measures covered variable constructs, such as walking ability, functional 

mobility, gait speed, dynamic balance, and activity limitations – all being an integral 

part of gait function. Some authors also mentioned constructs such as aerobic 

fitness, power, and agility (supplemental Table 2.1.). However, although the authors 

interpreted their results reflecting these constructs, all the tests in question are just 

measures of mobility combining speed and endurance, as patients have to walk as 

fast or as long, or both, as possible. 

Most of the studies were rated as “good” or “fair” on the 4-point rating scale of the 

modified COSMIN checklist without sample size, whereas eight studies were judged 

as being of poor quality and had to be excluded from the best evidence synthesis 

process. Responsiveness studies mostly suffered from a lack of quality, with five out 

of 10 studies being classified as “poor”. According to the COSMIN manual, “the 

responsiveness issue is about whether the direction and magnitude of a correlation 

is similar to what could be expected based on the construct(s) that are being 

measured.”70 This statement implies that hypotheses on the relationship of different 

measurement instruments have to be stated and tested. This requirement was not 

fulfilled in any of the five studies with a “poor” rating. By excluding studies with poor 

quality from the best evidence synthesis, the North Star Ambulatory Assessment, an 

outcome measure specifically developed for children with DMD, was not represented 

in the best evidence synthesis anymore.36  

Measurement properties still need to be determined for most instruments and most 

diagnoses. Not surprisingly, most evidence was available for children with CP, as 

these children also represent the largest fraction in the neuropediatric field. 

Nevertheless, even for these children, there was no measurement tool with evidence 

reported for all three measurement properties that were evaluated in this review. The 

instrument showing most information on measurement properties was the FMS, with 

strong positive evidence for reliability and limited positive evidence for 

responsiveness in children with CP. Although capacity measures strongly 

dominated, the FMS represents one of the few performance measures. Interestingly, 

far more studies evaluated the reliability than the measurement error. For evaluative 
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measures, information on the agreement, which is quantified with the measurement 

error, is much more valuable than reliability. Whereas reliability parameters highly 

depend on the variation in the population sample, agreement is more a characteristic 

of the measurement instrument itself. As such, it allows the conclusion whether a 

change in score represents a real change. Because the measurement error is 

expressed in the unit of the measurement, it also facilitates the clinical interpretation 

of a change score.71 

In general, results from different studies could rarely be combined. The GMFM 

dimension E, for example, was the instrument being most frequently represented in 

this review, with seven different publications. Nevertheless, its reliability remains 

undetermined because the patient samples were too small and heterogeneous; 

therefore, a synthesis of different studies was not feasible. The poor possibilities of 

combining different study results are a problem also faced by other authors of 

systematic reviews on measurement properties.17,23 Main reasons are 

inhomogeneous patient populations, too large variation in test procedures, or just 

singular publications per outcome measure. In this review, some studies with mixed 

patient groups were included. In cases where the predominant diagnosis was CP 

and other diagnoses accounted for only a small portion of the study population, we 

combined the results for the best evidence synthesis. This procedure concerned 

studies on reliability of the TUG57,69 and of the cadence measured with the 

GAITRite.31,46 

Although different approaches exist to assess the quality of studies, the COSMIN 

checklist has increasingly been used in systematic reviews on measurement 

properties of health measurement instruments in the last few years. Also, some of 

the systematic reviews on measurement properties in the pediatric field used the 

COSMIN checklist.12,14,17 This allows for a comparison of the performed quality 

ratings concerning the congruent studies and measurement properties across the 

different reviews. Eight studies included in our review were also rated in the 

systematic review of Adair et al.14 When the scoring (with the inclusion of the sample 

size item) was compared, four studies33,53,54,64 achieved an identical score, three 

studies52,63,66 differed by one level, and the quality rating of one study remained 
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unclear62 in the review of Adair et al. Reasons for the scoring differences are hard to 

find, as Adair et al. provided an overall score rather than a score per item. The ratings 

of Balemans et al.12 are difficult to compare because they used an older version of 

the COSMIN checklist, which requires only a “yes” (adequate) or “no” (not adequate) 

rating in comparison with the 4-point rating scale used in this review. Finally, the 

review of Bartels et al. on measurement properties of the 6MinWT17 yielded five 

studies for a possible comparison, two of them being identically scored in the two 

reviews,41,65 whereas three differed by one level.27,28,40 Differences were related to 

at least two items per study as well as to the overall rating of each study. In all of 

these studies, a systematic discrepancy could not be detected between the ratings. 

The interrater agreement and reliability of the COSMIN checklist have already been 

investigated.72 Nevertheless, conclusions have to be drawn with precaution, as 

reliability has only been determined on item level and without the 4-point rating 

option, which has just recently been developed21 and was used in this review. To 

increase the interrater agreement, the developers of the checklist recommend 

gaining some experience with the checklist before conducting a systematic review 

and finding consensus on how to score items that require some subjective judgement 

in advance. To follow these recommendations, we pretested three articles, 

discussed problems that occurred, and defined a joint procedure in items containing 

subjective issues. Furthermore, we strictly adhered to the taxonomy and terminology 

of the COSMIN checklist. Comparing the evidence for measurement tools that were 

also evaluated in other reviews, there is consensus that positive evidence exists for 

reliability10,14 and responsiveness14 of the FMS in children with CP as well as for 

reliability of the Functional Assessment Questionnaire in children with mixed 

neuromuscular diagnoses.10,14 Concerning the 6MinWT, we found only positive 

evidence for reliability in children with CP. Bartels et al.17 also reported a positive 

quality rating for reliability in children with DMD and spina bifida. There were also 

discrepancies regarding the various shuttle run tests. We concluded that evidence 

for all evaluated psychometric properties is unknown; in contrast to this conclusion, 

Balemans et al.12 found excellent positive evidence for reliability and measurement 

error in those tests. 
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Several reasons exist for the differences in the reported evidence levels. Not all 

authors accounted for the methodological quality of the included studies when 

summarizing the evicence,10,14 or requirements regarding the quality criteria for the 

measurement properties were not stated.14 Balemans et al. rated the minimal 

important change of a measure based on their clinical experience when it was not 

stated in a study,12 whereas we rated the evidence as unknown in those cases. 

Furthermore, requirements concerning the sample size had not been 

established10,12,14 or were different than in our review.17 

Study limitations and methodological considerations 

The COSMIN checklist was originally developed to evaluate the methodological 

quality of studies on measurement properties of patient-reported questionnaires. 

Nevertheless, these standards can also be applied to other outcomes, such as 

performance-based tests or rating scales. By excluding the sample size item from 

the quality assessment and accounting for it in the best evidence synthesis stage, 

we deviated from the standard COSMIN procedure. Given that sample size is usually 

rather small in neuropediatric studies, the available evidence would have been 

drastically reduced by more than 50% without this approach. Two studies included 

in the best evidence synthesis were performed with mixed patient groups31,57 and 

were combined with studies specifically investigating children with CP. As the 

number of patients with a diagnosis other than CP was rather small and all children 

had a chronic, congenital condition, we assume that the results found for the mixed 

patient group well reflected the results of the children diagnosed with CP. 

Nonetheless, if this assumption was not true, the level of evidence for the concerning 

outcome tools (TUG and cadence measured with the GAITRite) could be biased. We 

decided to concentrate on reliability, measurement error, and responsiveness, as 

these are the most critical measurement properties for an evaluative measurement 

tool. As we did not include articles evaluating the validity of functional measures of 

gait, a comprehensive appraisal of the best available measure of gait function per 

diagnosis was not possible. By excluding papers that were not published in the 

English or German language, stronger evidence on the measurement properties or 

information on further measurement tools may have been missed. 
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Although we stringently followed the COSMIN guidelines, we did not always agree 

with the defined standards. Concerning responsiveness, for example, the COSMIN 

criteria recommend formulating and testing hypotheses on the direction and 

magnitude of change score correlations between two different measures. Hence, the 

use of effect sizes or a standardized response mean is considered inappropriate. 

Although this approach may be reasonable in health-related patient-reported 

outcomes, we question the clinical sense of this criterion in performance-based 

measures, as a gold standard hardly exists in these measures. 

Implications for clinical practice and research 

The lack of evidence on the measurement properties of many measures assessed 

in this systematic review does not imply that these tools are not appropriate to assess 

gait function in children with neuromuscular diagnoses. Rather, it demonstrates the 

shortage of high-quality studies evaluating the measurement properties of many 

outcome tools that are already widely used in pediatric neuro-rehabilitation. In a first 

step, we recommend that rehabilitation specialists and researchers seek dialogue 

and find consensus on the most relevant measures of gait function and focus the 

testing of the measurement properties on these outcome tools. Until then, clinicians 

have to decide on an individual basis which tools are most relevant and feasible for 

their specific situation. For an integral picture of the child’s walking abilities, capacity 

measures as well as performance measures should be represented. We believe that 

this review and the description of the tools’ characteristics in supplemental Table 2.1. 

are of help in this selection process. 

CONCLUSION 

Many different measures are used to assess gait function in children with 

neuromuscular conditions. Most of the tools give an indication of the child’s capacity 

level, with only a few considering the performance level. There is moderate to strong 

evidence on reliability for several measures in children with CP (6MinWT, TUG, FMS, 

MobQues28 and MobQues47, and Functional Walking Test). Positive evidence for 

responsiveness exists for the FMS as well as the GMFM dimension E in children 

with CP. Evidence on measurement error is completely lacking. 
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This systematic review highlights the urgent need for high-quality studies evaluating 

the measurement properties of evaluative outcome tools assessing gait function in 

children with neuromuscular diagnoses. To facilitate the combination of different 

study results for best evidence synthesis, specialists from the clinic and research 

should find consensus on the most appropriate and relevant measures of gait 

function. Studies on responsiveness and measurement error, including information 

on the minimal import change, are especially desirable, as they allow a clinically 

relevant interpretation of a patient’s change score. This latter issue is essential, as 

the success of future trials investigating the effectiveness of interventions aiming at 

improving gait will strongly depend on the use of appropriate outcome measures. 
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ABSTRACT 

AIMS: To investigate the concurrent validity of two mobility performance measures, 

the Functional Mobility Scale (FMS) and the Gillette Functional Assessment 

Questionnaire – walking scale (FAQ) in an inpatient pediatric neurorehabilitation 

setting. 

METHODS: Cross-sectional data were collected on 71 children (mean age 12.7 

years) with neuromotor gait impairments who participated in an inpatient 

rehabilitation program to evaluate aspects of concurrent validity of the FMS and 

FAQ. Physiotherapists independently performed ratings. Comparator measures 

included the walking item of the Functional Independence Measure for children, 10-

meter and 6-minute walk tests, and Gross Motor Function Measure-88 dimension E. 

All tests were completed within seven days. Spearman correlation coefficients were 

calculated to test a priori formulated hypotheses regarding the strength and direction 

of the measures’ relationships. 

RESULTS: The children had a broad spectrum of mobility levels, including all levels 

of FMS and levels 2-10 of FAQ. Spearman correlation coefficients with comparator 

measures varied between .58-.79 for the FMS and .69-.73 for the FAQ. Hypotheses 

concerning correlation strengths and directions were met for FMS and FAQ. 

CONCLUSIONS: The study expands the existing evidence of the measures’ validity 

and demonstrates that the FMS and FAQ are valid to evaluate functional mobility in 

pediatric inpatient neurorehabilitation. 
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INTRODUCTION 

Walking ability is often a primary focus in the treatment of children undergoing in- 

and outpatient neurorehabilitation. According to the International Classification of 

Functioning, Disability, and Health for Children and Youth (ICF-CY), walking, as a 

category of mobility, can be either characterized as motor capacity or motor 

performance.1 While walking capacity reflects an individual's highest probable level 

of walking in a standardized environment, walking performance describes how an 

individual moves around in his or her current environment.2 Additionally, the 

construct motor capability characterizes a person’s highest probable level of walking 

in his or her daily environment.2 Although related to each other, the evaluation of 

motor performance and capability provide insight into a child’s activity level in daily 

life by taking into account the child’s physical and social environment. Outcome 

measures considering these factors open new perspectives as the environmental 

setting has a substantial impact on children’s and adolescents’ type of mobility.3 

Thus, measures of motor performance have their own value besides the outcomes 

of motor capacity measures when assessing walking abilities. 

Despite the value of measures that assess walking performance or capability, gait 

therapy outcome is predominantly evaluated with tests reflecting body functions or 

walking capacity. One reason might be the shortage of measures for the assessment 

of gait performance.4 Furthermore, motor performance may seem harder to assess 

because it can differ depending on the environment to which it refers. Nevertheless, 

walking performance and capability are important constructs to measure because 

they provide an opportunity to incorporate new perspectives into treatment planning 

and goal setting that are meaningful for the child and the family in everyday life. 

The Functional Mobility Scale (FMS) and the Functional Assessment Questionnaire 

– walking scale (FAQ) are two examples of performance measures to assess 

functional mobility. The FMS has been developed for children with cerebral palsy 

(CP) and describes the level of a child’s functional mobility by assessing the assistive 

device that is used in everyday life over three different distances.5 Usually, a clinician 

administers the scale as a semi-structured interview with the child or a parent. 
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Several studies evaluating the psychometric properties of the FMS in children with 

CP have shown very positive results.5–8 

The FAQ encompasses a range of walking abilities on a 10-level ordinal scale.9 The 

child or parent are asked to identify the child’s usual level of functioning by reading 

the descriptions of the different levels. The FAQ has moderate to strong correlations 

with other mobility scales and fair correlations with several parameters measured 

during level-ground walking.9  

To our knowledge, the original English versions of these measures have only been 

used in outpatient settings evaluating children’s functioning in their home, 

community, and school settings. In a recent study, we had shown that interrater 

reliability of the German FMS and FAQ was substantial to almost perfect between 

parents, nurses, and physiotherapists (linear weighted kappa coefficients FMS-5: 

.62-.85; FMS-50: .79-.92; FMS-500: .83-.90; FAQ: .69-.77). Furthermore, ratings 

between parents, nurses, and physiotherapists did not differ significantly when 

assessed in the inpatient setting and the children’s usual environment.10 The 

purpose of the present study was to investigate the concurrent validity of the German 

FMS and FAQ (see Appendix) within the framework of the ICF-CY in children with 

neuromotor disorders in an inpatient setting. We compared FMS and FAQ scores 

with other performance and capacity measures that are frequently used to assess 

walking ability in neuropediatric rehabilitation. To test the validity of the FMS/FAQ, 

we had formulated several hypotheses a priori: 

(1) Correlations between the FMS and capacity measures of walking ability (6-

minute walk test (6MinWT), 10-meter walk test self-selected and maximal 

speed (10MWTss/m), Gross Motor Function Measure-88 dimension E 

(GMFM E)) as well as the walking item of the Functional Independence 

Measure for Children (WeeFIM) are positive and moderate to strong, with 

Spearman correlation coeffiecients (rs) ≥.50. 

(2) Correlations between the FAQ and capacity measures of walking ability 

(6MinWT, 10MWTss, 10MWTm, GMFM E) as well as the WeeFIM walking 

item are positive and moderate to strong, with rs ≥.60. 
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(3) The order of correlation strengths of the FMS/FAQ is WeeFIM walking item 

> timed walking tests (6MinWT/10MWTss/10MWTm) > GMFM E. 

Based on the definitions by Chung,11 we expected moderate (.49-.59) to strong (.60-

.79) positive correlations. We expected higher correlations between the FMS/FAQ 

and the WeeFIM because the WeeFIM is a performance measure while the other 

comparator measures are capacity measures. As the FMS is the only measure that 

considers the type of walking aids used for functional mobility, we expected that the 

FMS correlated less (rs >.50) than the FAQ (rs>.60) with the comparator measures. 

METHODS 

Design 

This was a cross-sectional study, nested within a larger longitudinal study that 

evaluated responsiveness as well as reliability aspects of the two measures.10 All 

measurements were performed at the Rehabilitation Center Affoltern am Albis of the 

University Children’s Hospital Zurich, Switzerland. Our center provides in- and 

outpatient treatment for children and adolescents with predominantly acquired and 

congenital neurological diagnoses. The most common reasons for admission to our 

center are postsurgical treatment and improving independence in everyday life 

activities. The study was approved by the Ethics Committee Zurich and registered 

on ClinicalTrials.gov (NCT02237222). 

Participants 

Children were eligible for the study if they had a neuromotor disorder and were six 

to18 years old at admission. They had to be inpatients at the rehabilitation center 

with a treatment goal of acquiring, retaining or improving gait function. Therapists 

reported children who met these inclusion criteria. These children and their parents 

subsequently received oral and written study information by a research assistant and 

were consecutively recruited between April 2014 and January 2016, provided that a 

signed informed consent and assent by the legal guardian and the child had been 

given. Adhering to the criteria provided by the COSMIN guidelines, we aimed for a 

sample size of at least 50.12 
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The participants were 71 children and adolescents (26 females, 45 males) with a 

mean age of 12.7 years (SD 3.2y, range 6.0-18.6y). The majority of the children 

(n=69) had also participated in an earlier reliability study.10 

 
Figure 3.1. Participants' scores on the performance measures (n=71).  

n, number; FMS-5/50/500, Functional Mobility Scale over 5/50/500 meters; WeeFIM, Functional 

Independence Measure for Children; *, n=1 missing; **, n=63 as 8 children were rated with respect to 

wheelchair mobility 

CP was the most frequent diagnosis (n=38; GMCS level I/II/III/IV: 7/12/13/6), 

followed by traumatic brain injury (n=10), genetic disorders (n=7), stroke (n=6), 

encephalitis (n=3), and other comparable diagnoses (n=7). Nineteen children mainly 
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used a wheelchair when moving inside the rehabilitation center, 23 required a 

walking device, and 29 walked without any assistance and walking aids. Due to this 

diversity of functional abilities, not all children were able to perform all capacity tests. 

Details regarding the children’s level of functional mobility and walking capacity are 

shown in Figure 3.1. and Table 3.1. 

Table 3.1. Score distribution of the capacity measures 

 

Measures 

Index measures 

Functional Mobility Scale (FMS). The FMS scores the assistive device that a child 

uses in everyday life over 5, 50, and 500 meters.5 These distances represent typical 

distances covered by children at home, in school, and the wider community. For 

each distance, the type of assistance required is rated on an ordinal scale from 1 

(uses a wheelchair) to 6 (independent walking without an assistive device on all 

surfaces). The FMS has been compared with other measures of gait function in 310 

ambulatory children with spastic cerebral palsy (CP). It has shown strong positive 

correlations with the physical function and sports domain of the Pediatric Outcomes 

Data Collection Instrument (rs=.89), the time spent in an upright position measured 

with a remote activity monitor (rs=.87), the physical functioning domain of the Child 

Health Questionnaire (rs=.78), and the Rancho Scale (rs=.78). Further, the FMS 

correlated moderately with the Energy Expenditure measured during a 10-minute 

walk at self-selected speed (rs=.51).5 FMS scores obtained by parent interview and 

direct observation in 4- to 18-year-old children with CP agreed substantially.7 

Functional Assessment Questionnaire – walking scale (FAQ). The FAQ describes 

various levels of mobility, differing in environment, terrains or obstacles. The scale 

descriptions range from 1 (the child cannot take any steps at all) to 10 (the child 
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walks, runs, and climbs on level and uneven terrain and does stairs without difficulty 

or assistance. Is typically able to keep up with peers). The child or parent is asked 

to identify the level that best describes the child’s mobility level by taking into account 

the walking device that is typically used in daily life. 

The content and concurrent validity of the FAQ have been assessed in comparison 

with other measures in 2- to 17-year-old children with neuromuscular diagnoses. The 

scale showed strong positive correlations with the transfers and basic mobility scale 

of the Pediatric Orthopaedic Society of North America (r=.76) and the gross motor 

subscale of the Functional Independence Measure for Children (WeeFIM; r=.64), 

and moderate positive correlations above .40 with the Normalcy Index and oxygen 

consumption during level-ground walking.9  

Comparator measures 

6-minute walk test (6MinWT). This test investigates functional capacity.13 Its test-

retest reliability in children with CP is high (intraclass correlation coefficient (ICC) 

=.98), and there is limited to moderate evidence for convergent validity with various 

parameters of the ICF-CY body function domain in children with chronic 

conditions.4,14 

10-meter walk test. This is a measure of functional mobility that evaluates self-

selected (10MWTss) or maximal (10MWTm) gait speed over a short distance.15 

Relative test-retest reliability of the 10MWT is high (10MWTss: ICC=.90; 10MWTm: 

ICC=.81) in children with neurological gait disorders and CP, respectively. The 

standard error of measurement varies between 1.85 seconds (10MWTm) and 3.61 

seconds (10MWTss).4,16 

Gross Motor Function Measure-88 dimension E (GMFM E). This is a standardized 

measure of gross motor function in children with motor disabilities.17 The 24 ordinal-

scale items of the dimension E assess walking, running, and jumping abilities. The 

psychometric properties of the total GMFM-88 are well explored, especially in 

children with CP.18 Evidence for the psychometric properties of the single 

dimensions is unknown because the patient samples of the existing studies were too 

small.4 
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Because of logistical reasons, in our study, the GMFM E was only administered to 

children who performed a robotic-assisted treadmill training as part of their inpatient 

rehabilitation. 

Walking item of the Functional Independence Measure for Children (WeeFIM). This 

measure assesses a child’s level of independence during various activities of daily 

living on the performance level.19 The measure is comprised of 18 items scored on 

a 7-point ordinal scale, covering the domains Self-Care, Mobility, and Cognition. The 

WeeFIM has excellent test-retest and interrater reliability, and several studies of its 

validity and responsiveness have been published. For the locomotion subscale, 

intra- and interrater reliability is high (ICC: .94-.97 and .73-.85 respectively) and 

correlations with mobility domains of other measures of functional performance are 

strong.20–22 

In our study, only the walking item of the WeeFIM locomotion subscale was scored, 

and only in those children who were expected to be walking at discharge. 

Translation procedure 

To facilitate the implementation of the two gait performance measures in the 

German-speaking clinical setting, we translated the original English versions into 

German by adhering to the guidelines of the American Association of Orthopaedic 

Surgeons Outcomes Committee:23 (1) independent German translation of the two 

questionnaires by two German-speaking health professionals; (2) combining these 

two translations into a synthesized version; (3) back-translation into English by a 

professional translation agency and a native English speaking person, both blinded 

for the original version and naïve on the construct to be measured; (4) obtaining 

approval of the back-translated consensus version by the original developers of the 

questionnaires (the corresponding author can be contacted for translated 

measures). 

Procedure 

Before scoring the FMS and the FAQ, physiotherapists (n=15) responsible for 

providing treatment to the participating children received oral and written instructions 

regarding the use of the FMS and FAQ. They were blinded to other test results. The 
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physiotherapists completed the questionnaires in a quiet room, in the absence of the 

children. To ensure that they took their time to think about the suitable rating, they 

were assisted by an independent research fellow, who was responsible that no 

missing values occurred. The research fellow performed a standardized interview to 

ensure that the raters scored the child’s functional mobility in the inpatient setting on 

the performance level and adhered to the standardized instructions of the authors of 

the original English versions. Details of the implementation of the other tests are 

outlined in Table 3.2. 

Table 3.2. Details of the test procedures for the comparator measures. 

 
While the WeeFIM scores originated from data that were gathered as part of the 

clinical routine, all other data were collected for research purposes. The execution 

of the tests did not follow a predetermined order. 
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All measurements were completed within seven days to ensure that the children’s 

condition was stable. Age at first assessment, gender, diagnosis, and mobility level 

of each child was recorded. 

Statistical analysis 

Data were captured in Microsoft Office Access 2007 (Microsoft Corporation, 

Redmond, WA, USA) and analyzed using SPSS version 23.0 (IBM SPSS Statistics, 

Chicago, IL, USA). Descriptive parameters including gender, age, diagnosis, 

dependence on assistive mobility device, and FMS/FAQ scores described the study 

population.  

To quantify the relationship between the FMS/FAQ and the comparator measures, 

we calculated rs and 95% confidence intervals employing bootstrapping (a bias 

corrected and accelerated method) without replacement for missing data. We 

interpreted values from 0-.19 as very weak, .20-.39 as weak, .40-.59 as moderate, 

.60-.79 as strong, and ≥.80 as very strong.11 Concerning the hypotheses 1 and 2, 

we were more interested in the construct of “walking ability on the capacity level” 

rather than in each single capacity measure. Therefore, we decided in line with Peter 

et al.24 to calculate one correlation coefficient reflecting all capacity measures. To 

average these correlations adequately, we transformed the individual correlation 

coefficients of the capacity tests into Fisher’s Z scores, summarized and averaged 

these scores, and transferred the averaged Fisher’s Z scores back into a correlation 

coefficient.24 The statistical level of significance α was set at 0.05. 

RESULTS 

The FMS and the FAQ correlated with the comparator measures in a positive 

direction from .58-.79 and .69-.73, respectively (Table 3.3.). Correlation strengths 

with the WeeFIM walking item increased considerably from FMS-5 to FMS-500. No 

difference in correlation strength was observable between the three FMS-scores and 

the averaged capacity tests (rs=.73). Correlations between the FAQ and the 

comparator measures were all very similar and ranged between .68-.79. Correlations 

between the FAQ and the FMS were .77, .86, and .86 for the FMS-5,-50, and -500, 

respectively. 
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Table 3.3. Spearman’s rank correlation coefficients (95% confidence intervals) for the scores on the 

Functional Mobility Scale and Gillette Functional Assessment Questionnaire – walking scale, and the 

scores obtained on other clinical measures 

 

The results regarding our a priori hypotheses were as follows: 

(1) Correlations of the FMS with the WeeFIM walking and the capacity tests 

were .58 and .73, respectively, which confirmed hypothesis 1 (rs≥.50). 

(2) Correlations of the FAQ with the WeeFIM walking and the capacity tests 

were .71, which confirmed hypothesis 2 (rs≥.60). 

(3) The hypothesized order of correlation strengths (WeeFIM walking > timed 

walking tests > GMFM E) was only for the FMS-500 as expected; hypothesis 

3 was rejected. 

DISCUSSION 

This study aimed to evaluate the concurrent validity of the FMS and FAQ in an 

inpatient setting in children with neuromotor disorders within the framework of the 

ICF-CY. For this, we used comparator measures that are well known and often used 

to assess walking abilities in clinical practice as well as in clinical research. Two out 

of three of the hypotheses concerning the correlation strengths and directions were 

met for the FMS and the FAQ.  

All correlation coefficients were moderate to strong and corresponded well to the 

correlation strengths reported in the original studies.5,9 This indicates an underlying 

common construct “walking ability”. A further construct that is measured by the 

FMS/FAQ is ”performance”. However, only the FMS-500 showed the highest 

correlation coefficient with the other performance measure, the WeeFIM walking. For 

the FAQ, all correlations were comparable, while the magnitude of the correlations 
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between FMS-5 and FMS-50 scores and WeeFIM walking scores were lower than 

with the capacity measures.  

Whereas almost 50% of our children were mobile without using a walking aid over 5 

meters, this amount decreased to 41% over 50 meters and 30% over 500 meters, 

while 45% of the children used a wheelchair for the distance of 500 meters. A similar 

shift in use of walking aids relative to walking distance or environmental setting was 

observed by Harvey et al.,7 who examined the construct validity of the FMS by 

analyzing the agreement between FMS scores and direct observation of children’s 

mobility around and outside their home and at school.  

None of the correlation coefficients with the other measures exceeded .80, which is 

another indication that the FMS and FAQ add new information on functional mobility 

in the inpatient setting and have a complementary value in the assessment of 

children’s walking abilities by offering further insights into the complex construct of 

functional mobility with very little additional effort. 

While the floor and ceiling effects are a known issue with the mobility subscale of the 

WeeFIM,25,26 it does not seem to affect the FMS and FAQ. The FAQ bypasses the 

problem of possible floor effects, as the levels 1-4 of its scale address both walking 

capability and walking performance. This combination is of particular interest for 

children who require assistance or supervision for walking. Although these children 

would be able to walk, they usually have to depend on a wheelchair because, 

throughout the day, there is no or only limited assistance from another person 

available. This leads to a decrease in the performance rating, while the capability 

rating is not affected. On the other end of the FAQ-scale, walking abilities on various 

surfaces, in different environments, and using different types of locomotion are 

addressed, which prevents a ceiling effect in most children with neuromotor 

impairments. The FMS exclusively addresses functional mobility on the performance 

level. In our sample, 18% of the children were rated as primarily using a wheelchair 

in daily routine over all three distances of the FMS. This fact might hint at a possible 

presence of a floor effect. However, if the FMS is used to measure functional mobility 

regarding a child’s walking ability, it should not be of interest whether it can 

distinguish further between these children.27 
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Limitations 

The FMS and FAQ have been validated in outpatient settings evaluating the 

children’s functional mobility in their home, school, and community setting. We used 

an inpatient setting with the rating of the children’s inpatient performance for the 

evaluation of concurrent validity. This approach allowed us to not only validate the 

German versions but also gain some knowledge of psychometric properties in this 

setting. Our method of data collection for the FMS and FAQ differed from the original 

test administration by parent- or child-report. Although parents’ or children’s view 

would be most relevant in terms of performance, we necessarily chose to ask the 

therapists, because parents are only occasionally present in the rehabilitation center 

and children’s cognitive abilities do not always allow a self-report. This is a limitation 

of the inpatient setting. With the standardized interviews, we were able to ensure 

that the therapists actually scored the FMS and FAQ on performance level and not 

on the capacity level, as capacity measures are more often used among therapists. 

This approach with therapists’ scores and standardized interviews might have 

influenced the correlation strength between the FMS/FAQ and the comparator 

measures. We used only the dimension E of the GMFM and the walking item of the 

WeeFIM instead of the complete measures, regardless of the missing evidence on 

their psychometric properties. Being aware of the limitations, we chose this 

approach, as we wanted to compare the FMS and FAQ to measures of walking ability 

only, and not to multidimensional instruments. Further, we did not randomize the 

order of test administration; however, we did not administer the measures in a fixed 

order either. 

Previous studies showed that children with CP with similar levels of motor capacity 

or motor capability present with different levels of motor performance when walking 

in their own environment.2,28 However, our results might imply that there is no large 

difference between the level of walking performance and walking capacity. A 

contributing factor could be that children in our study were assessed during an 

inpatient neurorehabilitation stay, while the other studies were performed in the 

children’s natural environment at home or in school. Compared to the children’s 

home environment, inpatient rehabilitation features special adaptations concerning 
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optimized infrastructure and “safe” clinical environment on the one hand, and daily 

routine on the ward serves as an additional training opportunity besides therapy 

sessions on the other hand. All these aspects might have levelled the differences 

between the constructs of motor performance, capability, and capacity in inpatient 

rehabilitation. 

Our heterogeneous sample covered a broad range of diagnoses, ages, and mobility 

levels regarding walking abilities on capacity and performance level - representing 

the diversity of an inpatient neurorehabilitation setting. We are confident that findings 

of this study can be transferred to other pediatric neurorehabilitation fields. 

CONCLUSION 

The FMS and FAQ are valid measures to evaluate walking ability on the performance 

level in children undergoing an inpatient neurorehabilitation program. Correlations of 

the FMS and the FAQ with the comparator measures exceeded the hypothesized 

lower bounds of .50 and .60, respectively. However, our hypothesis that the 

FMS/FAQ would stronger correlate with the other performance measure (the 

WeeFIM walking item) than with the capacity tests was confirmed for the FMS-500 

only.  

Measuring performance provides a perspective that is meaningful for the child and 

the family as the results are directly transferable to the child’s behaviour in everyday 

life. By comparing the performance measures with other frequently used gait 

measures, we could show that they contribute additional information, which enables 

health professionals to get a more comprehensive overview of a child’s functional 

walking abilities at little additional cost. This knowledge is essential to confirm 

whether gait interventions succeeded in achieving performance-based treatment 

goals. Our study expands the already existing evidence of the measures’ validity and 

demonstrates that they are not only valid to assess functional mobility in the 

children’s usual environment, but also in the inpatient setting. 
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ABSTRACT 

AIMS: To examine the interrater agreement of the two gait performance measures 

– “Functional Mobility Scale” (FMS) and “Gillette Functional Assessment 

Questionnaire – walking scale” (FAQ) – within health professionals and parents in 

children with neuromotor disorders, measured in an inpatient setting and at home. 

METHOD: Seventy-one children with a neuromotor diagnosis (27 females; median 

age 12 years 11 months (interquartile range 4 years–10 months) were consecutively 

recruited when starting an inpatient active gait rehabilitation programme. 

Physiotherapists and nurses independently scored the level of children’s gait 

performance with the FMS and the FAQ, while parents’ scores regarding the 

children’s gait performance at home were obtained by interview or telephone call at 

the same measurement points. 

RESULTS: Linear weighted kappa coefficients were substantial to almost perfect for 

all comparisons. Kappa coefficients ranged from 0.62 to 0.85 for the FMS-5, from 

0.79 to 0.92 for the FMS-50, from 0.83 to 0.90 for the FMS-500, and from 0.69 to 

0.77 for the FAQ. Friedman tests did not reveal significant differences between the 

different rater groups. 

INTERPRETATION: The unexpectedly high level of interrater agreement between 

parents, physiotherapists, and nurses demonstrates that the FMS and FAQ can 

reliably assess gait performance in an inpatient setting. Inpatient scores correspond 

well to the children’s performance in their usual environment. 
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INTRODUCTION 

In inpatient settings, tests for the evaluation of a child’s walking abilities are 

predominantly carried out in a standardized environment. Thus, the results of these 

tests primarily reflect a child’s gait function on either the capability or the capacity 

level. Gait performance, which characterizes an individual’s actual level of functional 

mobility in his or her current environment, is far less considered in studies evaluating 

the effect of different gait training programmes.1 The International Classification of 

Functioning, Disability and Health for Children and Youth provides a theoretical 

framework for describing and measuring health and health-related states.2 It 

classifies outcome into the four domains: “body structure and function”, “activity”, 

“participation”, and “environmental and personal factors”. Instruments with sound 

psychometric properties reflecting the activity and participation domain are 

increasingly available for use in children, but outcomes of gait training programmes 

or lower limb orthopaedic surgery in ambulatory children with cerebral palsy (CP) are 

predominantly evaluated on the body structure and function level.1,3  

Although there appears to be a clear relationship between motor performance and 

motor capacity, motor performance is only partly reflected by the motor capacity level 

as children with a similar gross motor capacity level can differ in terms of gait 

performance across different settings.4 Many environmental factors may influence 

motor performance either in a negative or positive way. Motivation, assistive devices, 

availability of transportation, distances to be covered, physical accessibility, 

obstacles, time constraints, family support or peer acceptance are just a few 

examples of these aspects. 

Environmental settings play an important role when considering mobility in everyday 

life. While there is a relatively constant environment at home, in which it is possible 

to arrange various factors to enhance mobility, children have to deal with far more 

inconsistent or unpredictable elements at school or in the community. Accordingly, 

different environmental settings affect mobility methods, as well as dependence on 

adult assistance, in children with CP.5 

Although achieving a child’s independence in daily life activities may be a major goal 

of rehabilitation, there is a paucity of reliable, valid, and responsive outcome 
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measures that evaluate gait performance in children with neuromotor disorders in 

daily life and across different settings.6 As direct observation of a child’s usual 

mobility methods is often not feasible, the few existing tools usually rely on parent 

reports, which are a realistic and valid way to gather data reflecting gait performance 

of a child.7 The Functional Mobility Scale (FMS) and the Gillette Functional 

Assessment Questionnaire – walking scale (FAQ) are examples of such tools.8,9 The 

FMS describes the level of a child’s functional mobility by scoring the assistive device 

that is used in everyday life.8 It is usually administered by a clinician in a semi-

structured interview using child or parent report and is scored over 5, 50, and 500 

meters – representing typical distances covered by children at home, in school, and 

the wider community. For each distance, the type of assistance required is rated on 

an ordinal scale from 1 (uses a wheelchair) to 6 (independent walking without an 

assistive device on all surfaces).8 A comparison between the FMS score obtained 

by parent interview of 4 to 18-year-old children with CP and direct observation of the 

methods of mobility used around and outside their home and at school resulted in 

substantial agreement (weighted kappa 0.71–0.76).10 Regarding interrater reliability, 

the FMS demonstrated very high agreement (intraclass correlation coefficient (ICC) 

= 0.94–0.98) when scored by three orthopaedic surgeons in 4 to 18-year-old children 

with CP attending an orthopaedic outpatient clinic.8 The comparison of parent or 

child interview-based scores of physiotherapists and orthopaedic surgeons in 2.5 to 

18-year-old children with CP attending a CP outpatient clinic resulted in kappa values 

of 0.86 to 0.92 – with similar levels of agreement when administering the scale in 

person or by telephone call.10 The scale showed longitudinal changes after multilevel 

orthopaedic surgery and correlated well with changes in other measures of functional 

activity, measured with both questionnaires (Spearman’s rank correlation coefficient 

rs=0.75–0.83) and activity monitors (rs=0.78–0.89), providing evidence of its 

responsiveness.8 

The FAQ involves a range of walking abilities, describing various levels of mobility 

on a 10-level ordinal scale, with the levels differing in environment, terrains, or 

obstacles.9 It is given to the parent or the child to read and identify the child’s usual 

level of function. Its reliability has been evaluated in 2 to 17-year-old children with 
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various neuromotor diagnoses. Intrarater reliability of parent interview-derived 

scores with an average time span of 14 weeks in between was high (ICC=0.92).9 

Interrater reliability, where parent- and teacher-derived scores were compared, 

reached ICCs of 0.81 to 0.92.9 The average time between ratings varied between 5 

and 8 weeks. The FAQ’s content and concurrent validity have been assessed by 

comparing the scale with other measures of gait function.9 Only children from level 

6 to 10 of the FAQ were represented in the study sample.9 

So far, both the FMS and the FAQ have only been used in outpatient settings.8,9 

There are some potential difficulties to be considered in case these tools are to be 

applied in the inpatient setting: daily routines in a rehabilitation environment are 

generally more structured than in everyday life. Further, rehabilitation health 

professionals assess a child’s gait performance during inpatient rehabilitation, 

whereas the parents rate it at home. The question is whether the level of 

interobserver agreement between the different rater groups is of an a priori defined 

acceptable level, despite their marked differences in background and environment. 

In daily practice, the measures could then be applied either at home by the parents 

or in the clinic by health professionals. 

We are not aware of any study that investigated children’s gait performance in an 

inpatient rehabilitation setting or compared the reliability between different settings. 

Hence, the aim of our study was to examine the interrater reliability of the FMS and 

the FAQ in children and adolescents with neuromotor disorders between different 

health professionals (physiotherapists and nurses) in an inpatient neurorehabilitation 

setting and between the health professionals and the parents at home. 

METHOD 

Study design and setting 

This study was designed as a cross-sectional study nested within an overall 

longitudinal study that evaluated different psychometric properties as validity and 

responsiveness of the same two measurement tools. The measurements were 

performed at the Rehabilitation Center Affoltern am Albis of the University Children’s 

Hospital Zurich and at the children’s home in Switzerland. Our center provides in- 
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and outpatient treatment for children and adolescents with acquired and congenital 

diseases or injuries, with a predominant proportion of neurological diagnoses. While 

the reasons for an admission to the rehabilitation center can vary, the most common 

are postoperative treatment, improving independence in everyday life activities, and 

optimizing orthopaedic devices and/or dosage of medication to the individual needs 

of the patient. The center operates three inpatient wards, which are partly organized 

as living groups, where not only activities of everyday life, but also social interactions 

play an important role. The daily schedule of the children is adjusted to the children’s 

individual needs and can include physiotherapy, speech and language therapy, 

occupational therapy, sport groups, and school or kindergarten lessons. The study 

was approved by the Ethics Committee Zurich and registered on ClinicalTrials.gov 

(NCT02237222). 

Participants 

Children and adolescents were eligible for the study if they (1) were between 6 and 

18 years of age; (2) had a neuromotor diagnosis; (3) were inpatients at the 

rehabilitation center; and (4) their rehabilitation programme contained therapy 

sessions in which they trained their gait function actively. Children meeting these 

inclusion criteria were consecutively recruited for the study between April 2014 and 

January 2016, provided informed consent was obtained from the legal guardians and 

the child. Children of non-German-speaking parents were excluded from the study. 

Study procedure 

As the study was carried out in the German-speaking part of Switzerland, the 

German versions of the two questionnaires were used (see Appendix). In short, for 

each questionnaire, the original English version was translated into German, 

adhering to the guidelines of the American Association of Orthopaedic Surgeons 

Outcomes Committee.11 Two native German-speaking health professionals 

translated the questionnaire independently from each other. These versions were 

synthesized into one consensus version, which was then back-translated into 

English by a professional translation agency and a native English-speaking person, 

both blinded to the original version and naïve to the construct to be measured. 
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Finally, we obtained approval of the back translation by the authors of the original 

questionnaires. 

Reliability was assessed at two different time points: once at the start of active gait 

rehabilitation (T0) and once at the end of the rehabilitation stay (T1). This procedure 

was chosen to evaluate whether the time the health professionals had worked with 

the child would have an influence on their ratings. T0 characterized the moment when 

children began to train their ambulatory abilities in physiotherapy sessions, were 

allowed to at least partially load both legs after having undergone orthopaedic 

surgery, and, if needed, when walking aids for daily life had been provided. T1 

signified the end of the rehabilitation stay or the moment when physiotherapy 

sessions were ceased because all physiotherapeutic goals had been reached. 

Accordingly, the time interval between T0 and T1 could vary depending on the 

children’s length of rehabilitation stay and the content of the therapy programme. 

The reliability measurements for each point in time (T0 and T1) were carried out within 

a maximal time frame of 7 days to ensure that the children’s condition was stable 

across these measurements. Only the parents’ ratings at T1 (after rehabilitation) were 

set at 1 to 2 weeks after discharge, to allow the parents some time to assess their 

children’s current level of gait performance at home. We assumed that the children’s 

health status and gait performance had remained stable in the first weeks after 

discharge unless the parents stated otherwise. 

At the rehabilitation center, children were assessed independently by two different 

groups of raters. The physiotherapists and the nurses mainly responsible for the 

daily care of the children independently completed the German FMS and FAQ at T0 

and T1 (=Pt0/Pt1 and Nu0/Nu1, respectively). As none of the raters had previous 

experience with the FMS or FAQ, they received brief protocolled instructions 

beforehand. To ensure that therapists/nurses filled in the forms accurately, they were 

assisted by an independent research fellow. The research fellow performed a 

standardized interview to ensure that the raters adhered to the standardized 

instructions of the authors of the original English versions. The parent ratings were 

either obtained in the form of a personal interview or by a telephone call, also strictly 

following a protocol regarding instructions and questions on the questionnaires 
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(=Pa0/Pa1). To reduce the risk of bias, the members of the different rater groups did 

not have any mutual contact during the measurement process. If parents mentioned 

an observed change in their child’s motor function between discharge and the 

moment of their rating, parent scores were not included in the analysis. Whenever 

possible, parents were interviewed by the same research fellow at Pa0 and Pa1. A 

Pa0 rating could only be completed for children who had directly been referred from 

home to the rehabilitation center (Fig. 4.1.) 

 
Figure 4.1. Study design and measurement moments.  

Reliability measurements of the Functional Mobility Scale and Gillette Functional Assessment 

Questionnaire – walking scale at two different measurement time points with three different rater groups. 

T0, measurement at start of active gait rehabilitation; T1, measurement at end of rehabilitation; Pa, parent 

ratings; Pt, physiotherapist ratings; Nu, nurse ratings. 

Statistical analysis 

All data were captured in Microsoft Office Access 2007 (Microsoft, Redmond, WA, 

USA) and statistical analyses were conducted using SPSS version 24.0 (IBM SPSS 

Statistics, Armonk, NY, USA). Descriptive statistics are presented for relevant 

characteristics of the study population and the outcome measures. Linear weighted 

kappa statistics with 95% confidence intervals were calculated between the scores 

of the physiotherapists and the nurses in order to analyse the interrater agreement 

in the inpatient environment. To evaluate the interrater agreement across different 

settings, the same analyses were made by comparing the parents’ scores with those 

of the physiotherapists and the nurses. As we assumed two sources of variation in 

our data (different environmental settings and different groups of raters), we set the 

acceptance level for interrater agreement at 0.6, which is in agreement with the 

definitions of Landis and Koch,12 who considered 0.61 to 0.8 as substantial and 0.81 

to 1 as almost perfect. Potential differences between rater groups were examined 

with Friedman tests. We made separate analyses for T0 (before start of treatment) 
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and T1 (after treatment). Missing data were not replaced. We set the statistical level 

of significance at 0.05. 

RESULTS 

Characteristics of the 71 participants are listed in Table 4.1. Mean (SD) rehabilitation 

length was 10 (9) weeks (range 2–45 weeks), and the mean (SD) time between T0 

and T1 was 7 (8) weeks (2–44 weeks). Measurements of all raters were collected 

within a mean (SD) of 2.5 (3.2) days for T0 and 8.1 (4.4) days for T1. As many children 

were directly referred from a hospital to our rehabilitation center, T0 parent scores 

were collected in 35 children only. Other reasons for missing values were cessation 

of physiotherapy sessions before discharge (n=5), alteration in observed motor 

function between the moment of discharge and Pa1 (n=3), and unavailability of the 

rater at the assessment time point (n=3). Additionally, measurements only took place 

at a single time point in five children. See Figure 4.2. for exact numbers and score 

distributions. 

Table 4.1. Characteristics of the study sample 

 
IQR, interquartile range; GMFCS, Gross Motor Function Classification System; TBI, traumatic brain injury. 
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Figure 4.2. Score distribution of motor performance measures. Rating of the Functional Mobility Scale 

(FMS) and the Gillette Functional Assessment Questionnaire – walking scale (FAQ) at two different 

measurement time points by the three different rater groups.  

T0, measurement at start of active gait rehabilitation; T1, measurement at end of rehabilitation; FMS-

5/50/500, FMS over 5/50/500 meters (0=crawling). 

Kappa coefficients regarding interrater reliability were substantial to almost perfect,12 

and were all above our stated acceptance level of 0.6 (Table 4.2.). The lowest values 

were attained for the FMS-5 at T0 and the FAQ at T0 and T1. Based on the 95% 

confidence intervals, the kappa coefficients did not differ significantly at the two 

assessment points. Friedman tests did not reveal any significant differences 

between the three rater groups (0.06<p-value<0.96).  

Table 4.2. Linear weighted kappa and 95% confidence intervals (CI) of rater group combinations at two 

different measurement time points. 
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DISCUSSION 

We determined the interrater reliability of the FMS and the FAQ of physiotherapists, 

nurses, and parents of children and adolescents with neuromotor disorders who 

were undergoing an inpatient gait rehabilitation programme. Our study 

encompassed children over the whole spectrum of the FMS and FAQ scales. 

Interrater agreement exceeded our predefined acceptance level of 0.6 and was 

substantial to almost perfect for all comparisons.12 

Our results showed a slightly lower interrater agreement than those reported in 

previous studies.8–10 This is not surprising, as our study not only evaluated the 

interrater agreement of a very heterogeneous group of raters – i.e. different health 

professionals and parents – but also dealt with a heterogeneous group of children, 

as we aimed for a reflection of daily practice, in which more sources of variation in 

the data are inevitable. While previous studies showed that different environmental 

settings affect children’s mobility and that gait performance can differ across different 

settings,4,5,13 the high levels of agreement between the parents and the health 

professionals provide evidence that gait performance as assessed with the FMS and 

FAQ around admission or discharge corresponds well between the inpatient setting 

and the children’s usual environment. As scores are influenced by the people who 

perform the assessments, as well as the environment in which the assessment is 

performed, the substantial agreement is positively surprising and indicates that the 

scores can be measured and interpreted in the examined settings.14 

Although kappa coefficients did not differ significantly, there was a tendency to a 

higher agreement at T1 for the FMS-5 and FMS-50 ratings, especially when 

physiotherapists were involved in the rater combination. One reason might be that 

the health professionals had a much better impression of the children’s gait 

performance at the end of rehabilitation than at the beginning, because they have 

had more possibilities to observe the children in the course of the rehabilitation stay. 

This made it easier for them to rate the gait performance at T1.  

Interestingly, interrater agreement for the FMS-500 at T0 was very high. Although in 

practice the health professionals had only rarely the occasion to observe the children 
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outdoors, many children relied on the wheelchair for outdoor mobility over longer 

distances, which made the rating in those children unambiguous. 

For the FAQ, interrater agreement did not differ largely at T0 and T1, except for the 

agreement between parents and physiotherapists, which increased markedly at T1. 

Again, this might be owing to the increased observation possibilities. Discrepancies 

between rater groups were mainly observable at the lower end of the scale, when 

parents stated that their child would need help to do some steps while health 

professionals rated them higher. Apparently, these children seemed to walk with the 

help of their parents at home, while they managed to do some steps without help in 

the rehabilitation setting. Further, some difficulties arose at the higher end of the 

scale, where raters had to judge on which terrain the child was able to walk 

independently and where assistance was required. These parameters seemed to 

cause uncertainty in all rater groups. Part of the observed differences in the FAQ 

might have resulted from the use or non-use of walking aids within the different 

environments, because the FAQ does not take into account the walking aid that is 

used. 

With the exception of the FMS-5 at T0, nearly all of the FMS values showed almost 

perfect interrater agreement, whereas the FAQ attained only substantial agreement 

across all time points and settings. This might be an important decision criteria for 

the clinician, when time restraints might not justify using both tools. 

Different studies underline the relevance of including performance tools into the 

routine assessment of patients: Bjornson et al. suggested that interventions in 

ambulatory children with CP should focus more on improving their performance, as 

the relation between children’s capacity and participation in life was significantly 

mediated by their performance.15 When families were asked what kind of changes 

they desired after an intervention they identified areas of importance which are also 

covered in the performance domain of the International Classification of Functioning, 

Disability and Health: Children and Youth Version.16  

We address some methodological considerations: FMS and FAQ have originally 

been developed for the outpatient setting to interview parents on their child’s 

functional mobility.8,9 We used the original test administration methods (i.e. interview 
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or telephone call) to obtain parents’ ratings, as a previous study showed that 

reliability of FMS scores was not influenced by these different methods.10 The study 

also showed that interrater agreement was high, irrespective of whether the FMS 

was administered on the same or different days, which was the case in our study.10 

Nurses and physiotherapists scored the questionnaires based on their observations 

instead of interviewing the parents to enable us to assess the children’s actual gait 

performance during their inpatient stay. Although we are not aware of other studies 

in which the FMS or FAQ were administered this way, we chose this approach to 

assess the psychometric properties of the two performance tools under realistic and 

feasible conditions for an inpatient setting. 

To evaluate the effectiveness of inpatient rehabilitation programs on gait 

performance, information on the tools’ responsiveness and minimal clinically 

important difference in this particular setting is also vital and should be subject to 

further studies. 

CONCLUSION 

Despite the large variation that we have been faced with by assessing gait 

performance in a realistic inpatient and home setting, the FMS and FAQ showed 

high levels of interrater agreement in children with neuromotor disorders undergoing 

an inpatient rehabilitation programme. Interrater agreement between parents, 

physiotherapists, and nurses was substantial to almost perfect and above the 

threshold of 0.6 at both the start and the end of active gait rehabilitation. The results 

demonstrate that gait performance can be reliably assessed by parent report in the 

home setting and by health professionals in an inpatient setting. Interestingly, these 

gait performance levels are transferable between the home and the inpatient 

settings, which is clinically relevant as it allows us to estimate improvements in gait 

performance during daily life in patients undergoing rehabilitation of gait. With that, 

the ratings on the FMS and FAQ at discharge can, for example, be used to instruct 

parents about the level of function they should expect from their child in everyday 

life. 
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ABSTRACT 

AIMS: To examine responsiveness and minimal important change (MIC) of the two 

gait performance measures “Functional Mobility Scale” (FMS) and “Gillette 

Functional Assessment Questionnaire – walking scale” (FAQ) in a pediatric inpatient 

setting. 

METHOD: Sixty-four children and adolescents with a neuromotor disorder, e.g. 

cerebral palsy, traumatic brain injury or stroke, (25 females; mean (SD) age 12.5 

(3.2) years) were recruited. Physiotherapists scored the FMS and FAQ at start and 

end of active gait rehabilitation. Change scores were compared to changes in gait 

capacity tests, the walking item of the Functional Independence Measure for 

Children (WeeFIM), and a global rating scale (GRS) on the physiotherapists’ 

perceived change regarding the child’s functional mobility. The GRS was also used 

to define the MIC. Hypotheses were formulated a priori. 

RESULTS: Change scores of the FMS/FAQ correlated between 0.35-49 with those 

of the capacity tests, 0.54-0.76 with the WeeFIM walking item change scores, and 

0.57-0.76 with the GRS. The MIC for FMS and FAQ was 0.5 and 1.5 levels, 

respectively. 

INTERPRETATION: FMS and FAQ can illustrate change in inpatient gait 

performance of children and adolescents with neuromotor disorders. An 

improvement of 1 level in the FMS and 2 levels in the FAQ is considered as a 

clinically meaningful change. 
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INTRODUCTION 

Clinicians and researchers rely on various outcome instruments when they evaluate 

the effects of interventions that aim at improving walking abilities in children with 

neuromotor disorders. With regard to the International Classification of Functioning, 

Disability and Health for Children and Youth (ICF-CY), most of these instruments 

can be linked to the body function domain or the capacity level of the activity 

domain.1,2 Capacity describes what a child can do in a standardized controlled 

environment.3 Although walking capacity has an impact on walking performance (i.e. 

how a child actually moves around in his/her current environment in daily life), 

environmental and personal factors seem to play an even more important role and 

are valuable to integrate in constructs measuring walking ability.4 Within this 

perspective, walking performance is defined as how children actually move around 

in their current environment in everyday life.3 

The Functional Mobility Scale (FMS) and the Gillette Functional Assessment 

Questionnaire – walking scale (FAQ) are examples of the few tools that assess 

walking ability on a performance level. The FMS describes the level of a child’s 

functional mobility in everyday life over 5, 50, and 500 meters, representing the 

home, school, and community settings, respectively.5  For each distance, an ordinal 

rating from 1 to 6 is assigned depending on the amount of assistance required for 

the child’s mobility. It is usually administered by a clinician in a semi-structured 

interview using child or parent report.5 

The FAQ assesses the level of a child’s functional mobility on an ordinal scale by 

describing various levels of mobility differing in environment, terrains, or obstacles.6 

The scale ranges from 1 (the child cannot take any steps at all) to 10 (the child walks, 

runs, and climbs on level and uneven terrain without difficulty).6 It is a parent-/self-

report measure to identify the child’s usual level of function. Both, the FMS and the 

FAQ are easy to use and require no specific assessor training.7 

To accurately measure and interpret a child’s performance in clinical practice and 

research, assessments should be sufficiently valid, reliable, and responsive. The 

COSMIN (COnsensus-based Standards for the selection of health Measurement 

INstruments) group defined responsiveness as ‘the ability of an instrument to detect 
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change over time in the construct to be measured’.8 Another relevant aspect is the 

degree to which one can assign qualitative meaning to scores or change scores, or, 

in other words, the interpretability of instruments.9 Minimal important change (MIC) 

is one aspect of interpretability and is defined as ‘the smallest change in score in the 

construct to be measured which patients perceive as important’.8 For this, change 

scores are related to a clinically meaningful reference (i.e. an anchor-based 

approach) from a patient’s or a clinician’s perspective. Important is that the anchor 

reflects the construct that the target instrument aims to measure.9    

The FMS correlated moderately to very strongly (rs=0.58-0.89) with other gait 

measures in in- and outpatient settings.5,10 Interrater agreement was substantial to 

almost perfect in ambulatory children with neuromotor disorders.5,11,12 Furthermore, 

FMS scores obtained by parent interview and direct observation agreed 

substantially,13 and it appears to be responsive in an outpatient setting,5,6,11–14 

The FAQ showed almost perfect intra- and interrater reliability as well as content and 

concurrent validity when compared to other measures of gait function in children with 

various neuromotor disorders.6 It has been utilized as an outcome measure after 

various interventions.15,16 However, we are unaware of studies focusing on the 

evaluation of the FAQ’s responsiveness in a psychometric study design in out- or 

inpatients.  

Thus, our aim was to investigate responsiveness of the FMS and FAQ in children 

and adolescents with neuromotor disorders in an inpatient neuro-rehabilitation 

setting by examining the correlations between changes over time in FMS/FAQ 

scores to changes over time in standard functional and capacity measures. We had 

formulated the following four hypotheses a-priori: 

(1) Correlations between the change scores of the FMS/FAQ and the change 

scores of the comparator tests are positive and moderate to strong, with 

Spearman correlation coefficients (rs) ≥0.4. 

(2) Correlations between a global rating scale (GRS) quantifying the therapists’ 

perceived change of the children’s functional mobility in everyday life and 

the change scores of the FMS/FAQ are stronger than the correlations 

between the GRS and the change scores of the capacity measures. 
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(3) The values of the area under the receiver operating characteristic (ROC) 

curves (AUC) between the dichotomized GRS (no change versus change 

(improvement)) and the FMS/FAQ are ≥0.7. This threshold would indicate 

that the measures could discriminate between children whose walking 

performance remained unchanged versus those who changed (improved). 

(4) The change scores of the FMS/FAQ in children who had received surgery 

are larger than in non-operated children. 

Further, we determined the MIC of FMS/FAQ by relating the change scores of the 

two measures to the treating physiotherapists’ perceived change of the children’s 

functional mobility. 

METHOD 

Study design and setting 

This prospective longitudinal psychometric study used a construct and criterion 

approach to evaluate responsiveness and an anchor-based approach to assess the 

MIC of two gait performance measures. Measurements were performed at the 

Rehabilitation Center Affoltern am Albis of the Children’s University Hospital Zurich, 

Switzerland. The center provides in- and outpatient treatment for children and 

adolescents with predominantly congenital and acquired neurological disorders. 

Most frequent reasons for an admission to the rehabilitation center are postsurgical 

treatment and improving independence in everyday life activities. The study was 

approved by the Ethics Committee Zurich and registered on ClinicalTrials.gov 

(NCT02237222). 

Participants 

Children and adolescents were eligible for the study if they (1) were between 6-18 

years of age; (2) had an acquired or congenital neuromotor diagnosis, such as 

stroke, traumatic brain injury, or cerebral palsy; (3) were inpatients at the 

rehabilitation center; and (4) their rehabilitation program contained therapy sessions 

in which they actively trained their gait function. Therapists reported children who 

met these inclusion criteria. These children and their parents subsequently received 

oral and written study information by a research assistant and were consecutively 
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recruited between April 2014 and January 2016, provided that at least one parent 

understood German well.  Signed informed consent and assent by the legal guardian 

and the child had been given. Adhering to the criteria provided by the COSMIN 

guidelines, we aimed for a sample size of at least 50.17 

Measures 

Functional Mobility Scale (FMS): For the inpatient situation, we substituted  the home 

(5m), school (50m), and community  (500m) settings11 into mobility within the patient 

room, within the rehabilitation center (between ward, therapies, and inpatient 

school), and outside the rehabilitation center.  

For the Functional Assessment Questionnaire – walking scale (FAQ), we considered 

the children’s functional mobility within the rehabilitation center (levels 1-5) or outside 

the rehabilitation center (levels 6-10).6  

The 6-minute walking test investigates functional capacity.18 Limited to moderate 

evidence exists for its convergent validity with various body function parameters in 

children with chronic conditions. Its test-retest reliability in children with CP is almost 

perfect,2,19,20 while evidence for its responsiveness is limited and only available for 

children with Duchenne Muscular Dystrophy.20 

The 10-meter walking test evaluates self-selected (10MWTss) or maximal 

(10MWTm) gait speed over a short distance (Watson 2002).21 Relative test-retest 

reliability of the 10MWT is high in children with neurological gait disorders.2,19 

The Gross Motor Function Measure-88 (GMFM-88) is a standardized tool to 

measure gross motor function in children with motor disabilities.22 The 24 ordinal-

scale items of the dimension E assess walking, running and jumping abilities. The 

psychometric properties of the total GMFM-88 are well explored, especially in 

children with CP.23 Evidence for the psychometric properties of the single 

dimensions is mostly unknown. Timed walking tests and GMFM E were mainly 

performed in children for whom these tests were clinically indicated as part of their 

inpatient rehabilitation program. 

The Functional Independence Measure for children (WeeFIM) assesses a child’s 

level of independence during various activities of daily living on the performance 
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level (Uniform Data System for Medical Rehabilitation, Buffalo, NY, USA). The items 

are scored on a 7-point ordinal scale. ICCs of the locomotion subscale are 0.94-0.97 

for intra- and 0.73-0.85 for interrater reliability, and correlations with mobility domains 

of other functional measures are strong.24,25 We used only the walking item of the 

locomotion subscale. 

A 5-point global rating scale (GRS) (somewhat/much worse, unchanged, 

somewhat/much better), specifically designed for this study, was used as an anchor, 

quantifying the physiotherapists’ perceived change of the children’s functional 

mobility by asking: „compared to the beginning of active gait rehabilitation, how has 

the child’s functional mobility in everyday life changed in your opinion?”   

Study procedure 

We used the German versions of both questionnaires, which had been approved by 

the authors of the original English versions. Details about the translation procedure 

and results on their reliability and validity are reported elsewhere.10,12 

Patients’ age, gender, diagnosis, and length of rehabilitation stay was collected from 

their electronic medical records. Measurements took place at two time points: T0 at 

the start and T1 at the end of the active gait rehabilitation program. This period 

usually varies from four weeks to six months.  

The physiotherapist who was mainly responsible for the therapy of the child 

completed the FMS and the FAQ at T0 and T1, and the GRS at T1. As the therapists 

had no previous experience with the FMS or FAQ, they received brief protocolled 

instructions beforehand. To ensure that the therapists filled in the forms accurately 

and adhered to the standardized instructions, an independent research fellow (C.A.) 

performed a standardized interview. Both, instructions and interview were based on 

the directives found on the questionnaires. To reduce risk of bias, physiotherapists 

and research fellow were unaware of the other test results and did not have access 

to T0 ratings when scoring FMS, FAQ and GRS at T1. Details about the 

implementation of the other tests are outlined in supplemental Table 5.1.  
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Statistical analysis 

Descriptive statistics are presented for relevant characteristics of the study 

population and outcome measures. SPSS version 24.0 (IBM SPSS Statistics, 

Armonk, NY, USA) was used for statistical analyses. We treated each FMS distance 

as a separate measure. 

Regarding hypotheses 1) and 2), we calculated Spearman correlation coefficients 

and 95% confidence intervals employing bootstrapping, i.e. random sampling with 

replacement, (bias corrected and accelerated method with 1000 samples) to quantify 

the relationship between the change scores of the FMS/FAQ, the comparator 

measures, and the GRS.26 We were interested in changes of the construct ‘walking 

capacity’ rather than in changes of each single capacity measure. Therefore, we 

averaged these correlations by transforming each of them into Fisher’s Z scores, 

summarized and averaged these scores, and finally transferred the averaged 

Fisher’s Z scores back into a correlation coefficient.10 We interpreted values from 0-

0.19 as very weak, 0.2-0.39 as weak, 0.4-0.59 as moderate, 0.6-0.79 as strong, and 

≥0.8 as very strong.27 

To test hypothesis 3, we performed nonparametric ROC curves analyses between 

the dichotomized GRS and the FMS/FAQ.28 We considered a value of the AUC of at 

least 0.7 as appropriate to demonstrate the FMS/FAQ’s ability to discriminate 

between children who had improved and children who had not improved according 

to the therapists rating on the GRS.29 Regarding hypothesis 4, we used the Mann-

Whitney U test to quantify the differences between the two groups and set the 

statistical level of significance for a two-tailed test at α=0.05. 

We calculated the Youden Index (sensitivity + specificity -1) for all points of the ROC 

curve and selected the maximum value of this index as optimal cut-off point for the 

MIC of the tools.29 Missing data was not replaced. 

RESULTS 

The active gait rehabilitation period of the 64 participants (6 to 18.5 years old) lasted 

on average 46 days (SD 41.9 days) and varied between 14 and 295 days. Further 
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characteristics of the study population and information on the measurements are 

presented in Table 5.1. 

Table 5.1. Descriptives of the study population (n=64) 

Age in years, Median (IQR) 12.8 (4.9) 
Sex (n) 
 Female 
 Male 

 
25 
39 

Diagnoses (n) 
 Cerebral palsy 
  GMFCS level I 
  GMFCS level II 
  GMFCS level III 
  GMFCS level IV 
 TBI 
 Genetic disorders 
 Stroke 
 Encephalitis 
 Other 

 
35 
7 

10 
12 
6 
8 
5 
5 
3 
8 

Surgery before rehabilitation (n) 
 No 
  Age in years, Median (IQR) 
 Yes 
  Age in years, Median (IQR) 

 
43 

12.8 (5.3) 
21 

13.4 (4.6) 
Missing data* 
 FMS-5 
 FMS-50 
 FMS-500 
 FAQ 

 
- 
2 
4 
- 

Score distribution of  comparator tests; Median (IQR) 
 10MWTss [m/sec] T0: 
   T1: 
 10MWTmax [m/sec] T0: 
   T1: 
 6MinWT [m] T0: 
   T1: 
 GMFM E [%] T0: 
   T1: 
 WeeFIM Walking T0: 
   T1: 

 
0.59 (0.67) 
0.76 (0.59) 
0.91 (0.76) 

1.1 (0.9) 
221 (271) 
307 (259)  

47 (65) 
56 (75) 

5 (4) 
6 (1) 

Time range of measurements in days 
 T0: Median (IQR) 
 T1: Median (IQR) 

 
3 (4) 
2 (3) 

*Missing data can be attributed to children who did not cover these distances in any form at the time of 

data collection. Abbreviations: IQR, Interquartile range; GMFCS, Gross Motor Function Classification 

Scale; TBI, Traumatic brain injury; FMS-5/50/500, Functional Mobility Scale 5/50/500 metres; FAQ, 

Gillette Functional Assessment Questionnaire – walking scale; 10MWTss/m, 10meter walking test self-

selected/maximal speed; 6MinWT, 6minute walking test; GMFM E, Gross Motor Function Measure 

dimension E; WeeFIM walking, Functional Independence Measure for Children walking item; GRS, Global 

rating scale of therapist’s perceived change; T0, start of active gait rehabilitation; T1, end of active gait 

rehabilitation. 
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The functional abilities of the participants differed widely and ranged over the whole 

spectrum of the FMS and FAQ (see Figure 5.1.). Thus, not all children were able to 

perform all capacity tests and/or at both time points (see Table 5.1.). 

Change scores varied largely from -2 to 5 for the FMS and from -1 to 7 for the FAQ 

(Figure 5.1). 

 
Figure 5.1. Frequency distributions of the Functional Mobility Scale and the Gillette Functional 

Assessment Questionnaire – walking scale.  

FMS-5/50/500, Functional Mobility Scale 5/50/500 meters; FAQ, Gillette Functional Assessment 

Questionnaire – walking scale; T0, start of active gait rehabilitation; T1, end of active gait rehabilitation 

Correlations between the change scores of the FMS/FAQ and the change scores of 

the comparator tests were all positive. The rs for the comparisons with change 

scores of the averaged capacity tests were 0.39/0.49/0.40 for the FMS-5/50/500 and 

0.35 for the FAQ, while those with the WeeFIM walking change scores ranged from 

0.54-0.76 (see Table 5.2.a). 
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Correlations between the GRS and the change scores of the FMS and FAQ were 

moderate to strong and ranged from 0.57-0.76, while the GRS correlated weakly with 

the change scores of the averaged capacity tests (rs=0.36; see Table 5.2.b). 

Table 5.2. Spearman correlations (95% confidence intervals) between the change scores of the 

Functional Mobility Scale (FMS), Gillette Functional Assessment Questionnaire – walking scale (FAQ) 

and other gait measures (2.a) and between the global rating scale (GRS) of the therapists’ perceived 

change and the change scores of gait measures (2.b) 

Table 5.2.a 

 Capacity 
Tests 

10MWTss 10MWTm 6MinWT GMFM E WeeFIM 
walking 

FMS-5 
 
N 

0.39 
(-0.06-0.72) 

0.20 
(-0.45-0.72) 

23 

 0.47 
(0.14-0.73) 

19 

0.50 
(0.18-0.75) 

20 

0.37 
(-0.08-0.68) 

23 

0.54 
(0.28-0.74) 

53 
FMS-50 
 
N 

0.49 
(0.06-0.77) 

0.38 
(-0.02-0.68) 

23 

0.70 
(0.43-0.85) 

19 

0.36 
(-0.14-0.71) 

20 

0.45 
(-0.16-0.79) 

23 

0.73 
(0.58-0.85) 

52 
FMS-500 
 
N 

0.40 
(-0.15-0.77) 

0.40 
(-0.08-0.73) 

22 

0.35 
(-0.37-0.77) 

19 

0.41 
(0.00-0.75) 

20 

0.45 
(-0.13-0.80) 

23 

0.61 
(0.39-0.79) 

50 
FAQ 
 
N 

0.35 
(-0.10-0.70) 

0.19 
(-0.34-0.64) 

23 

0.42 
(-0.09-0.75) 

19 

0.44 
(0.08-0.72) 

20 

0.36 
(-0.06-0.68) 

23 

0.76 
(0.62-0.84) 

53 

Table 5.2.b 

Performance 
Measures 

FMS-5 FMS-50 FMS-500 FAQ WeeFIM 
Walking 

 
 

N 

0.57 

(0.36-0.73) 
63 

0.67 
(0.48-0.83) 

59 

0.64 
(0.47-0.76) 

59 

0.67 
(0.51-0.79) 

63 

0.63 
(0.43-0.79) 

52 

      Capacity 
Measures 

Capacity 
Tests 

10MWTss 10MWTm 6MinWT GMFM E 

 
 

N 

0.36 
(-0.13-0.71) 

0.45 
(0.02-0.73) 

23 

0.09 
(-0.48-0.61) 

19 

0.45 
(0.04-0.74) 

20 

0.43 
(-0.06-0.74) 

23 

      , change score; 10MWTss/m, 10meter walking test self-selected/maximal speed; 6MinWT, 6minute 

walking test; GMFM E, Gross Motor Function Measure dimension E; WeeFIM walking, Functional 

Independence Measure for Children walking item 

The ROC curves analyses between the dichotomized GRS (unchanged versus 

somewhat/much better) and the FMS/FAQ change scores revealed AUC values 

above the a-priori defined threshold of 0.7 (FMS-5/50/500/FAQ: 0.79/0.75/0.76/0.80; 

see supplemental Figure 5.1.). No child was rated as somewhat/much worse on the 

GRS, although six children partially deteriorated in FMS or FAQ scores. 
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The median change scores in the non-operated children were 0 for the FMS and 1 

for the FAQ. In the post-surgical children, the median change scores were 3/3/2 for 

the FMS 5/50/500 and 3 for the FAQ (see Figure 2). The differences were statistically 

significant for all change scores between the two groups (FMS-5/50/500/FAQ: Z=-

3.55/-3.78/-2.82/-3.01; see Figure 5.2.). 

 

Figure 5.2. Comparison of change scores between children who had received surgery or not prior to 

undergoing rehabilitation.  

FMS-5/50/500, Functional Mobility Scale 5/50/500 meters; FAQ, Gillette Functional Assessment 

Questionnaire – walking scale; horizontal line, median; box, interquartile range; whiskers, ±1.5* 

interquartile range; small circle, mild outlier (>1.5*interquartile range); star, extreme outlier (>2*1.5 

interquartile range)  

The maximum value of the Youden Index resulted in an optimal cut-off point of 0.5 

for each distance of the FMS and 1.5 for the FAQ. Thus, in practice, children have 

to improve at least 1 level on the FMS-5/-50/-500 and 2 levels on the FAQ to achieve 

the MIC. 

DISCUSSION 

We investigated the responsiveness of the FMS and FAQ on a construct-based 

(correlations) and a criterion-based (ROC curves) method with pre-set hypotheses 

in children and adolescents with neuromotor disorders in an inpatient 
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neurorehabilitation setting. Further, we calculated the MIC using an anchor-based 

approach for the two measures. 

Our results regarding the correlation strengths with the averaged capacity change 

scores only partly confirmed hypothesis 1, as only the FMS-50/500 reached the 

expected level of 0.4, whereas the correlations were lower for the FMS-5 and FAQ. 

These results were not in line with previous research in outpatients, which showed 

strong (positive) correlations between changes in FMS scores and changes in 

outcomes of other measures of functional activity assessed with questionnaires 

(rs=0.75-0.83) and activity monitors (rs=0.78-0.89).5 

The stronger correlations of the FMS/FAQ with the change score of the WeeFIM 

walking in our study may reflect that these measures all rate change in performance 

in everyday situations within the rehabilitation setting, while the capacity measures 

required the children to perform changes on their maximal level within a standardized 

test situation. 

As information on the responsiveness of the clinically often-used gait comparator 

measures is largely missing, we designed a GRS to estimate the therapist’s 

perceived change of the children’s functional mobility in parallel. Because the 

reliability of this GRS is unknown, we used it within a construct and criterion 

approach.9 Correlations between the GRS and the FMS/FAQ’s change scores were 

all moderate to strong, showing that the FMS and FAQ could adequately reflect the 

therapists’ judgment regarding the children’s functional change in everyday life 

mobility during inpatient rehabilitation. As the correlation between the GRS and the 

change score of the averaged capacity tests was only weak, hypothesis 2 was 

confirmed. We could also confirm hypothesis 3, in which we used the GRS as 

external criterion of the children’s change in functional mobility. The AUC values 

ranged between 0.75-0.80 and showed that both, FMS and FAQ, could be used to 

discriminate between children whose walking performance remained unchanged 

versus those who improved. 

We additionally compared the mean changes of the FMS and FAQ in subgroups of 

children who had undergone orthopaedic surgery and the other children, because 

the first group was expected to improve more than the other group. The first rating 
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took place when children just started active gait rehabilitation and were allowed to 

start loading their legs after orthopaedic surgery. Due to this low initial level of 

walking ability, we expected the post-surgical children to improve more distinctly 

compared to the others. Despite that the non-surgical group also comprised children 

with acute acquired injuries whom we expected to undergo large improvements due 

to spontaneous neurological recovery in combination with the rehabilitation program, 

we could confirm hypothesis 4. Also a previous study on the FMS in the outpatient 

setting demonstrated longitudinal changes in the outcomes of the scale in children 

who had received orthopaedic multilevel surgery.5 

It is important to notice that the potential of improvement largely depends on a child’s 

basic motor abilities. Using Rasch analysis, Stout et al. provided a common scale for 

different classification systems and outcome measures of physical functioning. With 

that, they illustrated the probability of successfully performing tasks of different 

difficulty levels depending on an individual’s present motor abilities.30 Consequently, 

a child with a score of 1/1/1 for the FMS-5/50/500 at T0  will have more space for 

improvement than a child entering rehabilitation with a score of 6/6/6. In our study, 

38% of the children had a score of 1 over all three distances of the FMS (which 

decreased to 20% at the second measurement time point). Although this could be 

interpreted as a floor effect , it is not of interest as long as the measure is used to 

evaluate functional mobility regarding a child’s walking ability.9 A ceiling effect was 

not an issue, as only 8% of the children had an initial score of 6/6/6 (compared to 

17% at the end). Regarding possible floor and ceiling effects of the FAQ, only 3% 

and 0% of the children had initially the lowest and highest possible score, 

respectively.   

So far, responsiveness has only been evaluated for the FMS.5,14 The correlations in 

our study were lower than previously reported. A reason may be that the other 

studies took place in the outpatient setting, exclusively looked at children after 

surgery, and used other comparator instruments. However, we were not able to test 

this assumption because in our study the sample sizes of specific subgroups were 

too small to calculate reliable correlations. 
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The MIC values indicate a 1-point (FMS) and 2-point increase (FAQ) to be clinically 

meaningful. These values seem logical from a contextual point, as each level of the 

FMS signifies the (in)dependence on/from another type of walking device, while the 

FAQ levels vary unevenly in terms of distance, environment, mobility, and 

independence. However, as both measures are ordinal-scaled, the MIC may be 

different for children on the lower and higher end of the scales. Our reported MIC of 

2 for the FAQ is consistent with the overlapping item difficulty levels for the FAQ 

levels ≤5 and 6 derived by Rasch analysis.30 Considering the results of the Rasch 

analysis, an MIC of 1 might be more likely for children with an FAQ level 7 and higher 

at T0. To address these potential differences over the whole range of the scales, and 

thus enabling an estimation of the MIC for individual patients, larger patient samples 

would be necessary to allow a differentiation between various motor ability 

subgroups. 

Methodological considerations 

The FMS distances represent children’s usual surroundings (home, school, and 

community), which we had to substitute for the inpatient situation. However, previous 

research on the interrater reliability between health professionals, who measured 

inpatient everyday life mobility, and parents, who rated their child’s mobility in the 

usual environments, provide evidence that our adaptations made for the inpatient 

setting seem to correspond well to the home setting.12 In line with the 

recommendations of de Vet et al., we used an anchor-based approach to assess the 

MIC, as this includes a definition of what is considered minimally important.9 Of 

course, the rating of the parents or even children could be considered most relevant 

in the context of MIC. However, because of the inpatient setting (parents are not 

present throughout the day; for most children it would be difficult to remember the 

initial situation), the GRS was rated by the therapists. For the same reasons, the 

therapists scored the FMS and FAQ, in contrast to the measures’ original test 

administration, which involves child- or parent-report. The fact that the GRS was 

rated by the treating therapist could have resulted in a slight overestimation of the 

perceived change. While we had to dichotomize the GRS ratings for the ROC 

analysis at an arbitrary chosen cut-off point, analyses showed that the MICs would 
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not change with another selected cut-off level. Unfortunately, we could not compare 

the MIC with the smallest detectable change (SDC), as the SDC is still unknown for 

both measures. 

Although we exceeded the targeted sample size of 50, the samples were smaller for 

the analyses with the capacity tests and the subgroups regarding surgical/non-

surgical intervention. As we aimed for a representative sample of our inpatient 

rehabilitation setting, it entailed that not every included patient was able to perform 

every test at both time points. This fact could have biased the reported correlations 

regarding hypotheses 1 and 2. However, as the groups with and without capacity 

test data did not differ systematically, the correlations can be applied to the entire 

patient sample. The duration between the two rating time points varied considerably, 

which is an inevitable characteristic in neurorehabilitation. At the same time, the 

heterogeneity of our sample in terms of age, diagnoses, mobility levels, and 

rehabilitation duration facilitates the transfer of our results to other inpatient settings. 

CONCLUSION 

This is the first study that evaluated the responsiveness of the FMS and FAQ within 

a pediatric inpatient setting. It showed that both tools are suitable to depict change 

that has occurred in children’s gait performance. Moreover, the results facilitate the 

interpretation of FMS and FAQ scores in clinical practice and research by defining 

an MIC for both tools. 
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Supplemental Table 5.1. Details of the test procedures for the comparator instruments 
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Supplemental Figure 5.1. Receiver operating characteristic (ROC) curves analysis between the 

dichotomized global rating scale (no change versus improvement) and the change on the Functional 

Mobility Scale and the Functional Assessment Questionnaire – walking scale  

FMS-5/50/500, Functional Mobility Scale 5/50/500 meters; FAQ, Gillette Functional Assessment 

Questionnaire – walking scale 
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TRAINING IN CHILDREN WITH CEREBRAL 
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RANDOMIZED, CROSS-OVER TRIAL 
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ABSTRACT 

BACKGROUND: Walking ability is a priority for many children with cerebral palsy 

(CP) and their parents when considering domains of importance regarding treatment 

interventions. Partial body-weight supported treadmill training has become an 

established therapeutic treatment approach to address this demand. Further, new 

robotic rehabilitation technologies have increasingly been implemented in the clinical 

setting to allow for longer training sessions with increased step repetitions while 

maintaining a consistent movement pattern. But the current evidence about its 

clinical effectiveness in pediatric rehabilitation is weak. The aim of this research 

project is therefore to investigate the effectiveness of robot-assisted gait training 

(RAGT) on improvements of functional gait parameters in children with CP. 

METHODS/DESIGN: Children aged 6 to 18 years with bilateral spastic CP who are 

able to walk at least 14 meters with or without walking aids will be recruited in two 

pediatric therapy centers in Switzerland. Within a pragmatic crossover design with 

randomized treatment sequences, they perform 5 weeks of RAGT (3 times per week 

with a maximum of 45 minutes walking time each) or a 5-week period of standard 

treatment, which is individually customized to the needs of the child and usually 

consists of 1-2 sessions of physiotherapy per week and additional hippotherapy, 

circuit training as well as occupational therapy as necessary. Both interventions take 

place in an outpatient setting. The percentage score of the dimension E of the Gross 

Motor Function Measure-88 (GMFM-88) as primary outcome as well as the 

dimension D of the GMFM-88, 6-minute and 10-meter walk tests as secondary 

outcomes are assessed before and at the end of each intervention period. 

Additionally, a 5-week follow-up assessment is scheduled for the children who are 

assigned to the standard treatment first. Treatment effects, period effects as well as 

follow-up effects are analyzed with paired analyses and independent test statistics 

are used to assess carryover effects. 

DISCUSSION: Although RAGT has become an established treatment option to 

address gait impairments, evidence for its effectiveness is vague. This pragmatic 

trial will provide important information on its effects under clinical outpatient 

conditions. 
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TRIAL REGISTRATION: ClinicalTrials.gov: NCT00887848. Registered 23 April 

2009. 
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INTRODUCTION 

Mobility in general as well as the ability to walk is a priority for many children with 

cerebral palsy (CP) and their parents when considering domains of importance 

regarding treatment interventions.1 Parents of children with CP value walking, 

especially “correct” walking, as a key component of their children’s present and 

future well-being.2 Children with poorer walking abilities report a reduced physical 

well-being.3 Accordingly, acquiring, retaining or improving gait function in these 

children is often a main goal of the families and the rehabilitation team. 

As training intensity, frequency, specificity and level of repetition with variation play 

a crucial role in promoting sensomotor learning in patients with disorders of the 

central nervous system, partial body-weight supported treadmill training (PBWSTT) 

has become an established therapeutic treatment approach.4-6 Although two or even 

three therapists may be needed in severely affected patients to support the 

movement of the legs and stabilize the pelvis and the trunk, PBWSTT takes an 

important role in gait rehabilitation of adult patients with a diagnosis of stroke, 

incomplete spinal cord injury (iSCI), Parkinson’s disease (PD) or multiple sclerosis 

(MS).7-11 There is also an increasing body of evidence that PBWSTT improves 

walking ability, speed and endurance in children, with most evidence being available 

for children with mild to moderate CP.12-15 

To allow for longer training sessions with more repetitions while maintaining a 

consistent movement pattern and reducing the burden of the therapists, new robotic 

rehabilitation technologies have emerged during the last 15 years and have 

increasingly been implemented in the clinical setting.16 With the addition of virtual 

reality (VR) scenarios, especially game-based VR, this type of training further offers 

the patients diversification, fun and challenge.17 One domain of rehabilitation robots 

involves driven gait orthoses (DGO) for robot-assisted gait training (RAGT), which 

have been originally developed for adults and subsequently adapted for children.18-

20 One of these DGOs is the Lokomat (Hocoma AG, Volketswil, Switzerland, Figure 

6.1.), which, by using the pediatric version, allows a training for children starting at 

an age of approximately four years. 



 PELOGAIT – STUDY PROTOCOL 119 
 

 
Figure 6.1. Pediatric robot-assisted gait training with the Lokomat.  

The Lokomat automates gait therapy on a treadmill by two actuated leg orthoses, which can be individually 

adapted to the patient’s legs and attached with three cuffs, while the patient is secured by means of a 

counter system with a harness providing partial body-weight support. 

RAGT with the Lokomat appears to be effective in improving walking abilities in adult 

patients with stroke or iSCI.21-23 A systematic review confirmed these results and 

showed limited evidence in patients with MS, traumatic brain injury (TBI) or PD.16 

In the last years, RAGT has also been tested and implemented in the pediatric 

neurorehabilitation setting and has been found to be a feasible and safe therapeutic 

option.20,24 However, the current evidence about the clinical effectiveness of RAGT 

in pediatric populations is weak. Most published results derive from uncontrolled 
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single case studies or case series20,25-28 and the few published controlled trials29-30 

provide inconclusive results so far.  

The aim of this research project is therefore to investigate the effectiveness of RAGT 

on improvements of functional gait parameters in ambulatory children with CP in a 

pragmatic, randomized, crossover trial. 

Our hypothesis is that a 5-week phase of RAGT on the Lokomat in an outpatient 

setting is superior with regard to the improvement in gait function measured with the 

dimension E of the Gross Motor Function Measure-88 (GMFM-88) compared to a 5-

week phase of standard treatment encompassing conventional physiotherapy 

lessons in children with spastic CP within a crossover design with a randomized 

treatment sequence. 

METHODS/DESIGN 

The design of the study was developed in accordance with the current (2013) version 

of the Declaration of Helsinki31 and the extensions of the CONSORT (Consolidated 

Standards of Reporting Trials) statement for nonpharmacologic treatment 

interventions32 as well as for pragmatic trials.33 Written informed consent and assent 

is obtained from all the legal guardians and the child by the study coordinator prior 

to participation. 

Design and setting 

This study is designed as a bicenter, single-blinded, pragmatic, randomized 

crossover trial. It is carried out in the outpatient setting of the rehabilitation center of 

the University Children’s Hospital Zurich in Affoltern am Albis and the Pediatric 

Therapy Center of the Reha Rheinfelden (Switzerland). Children are randomized to 

two different pre-specified sequences of interventions. The two interventions are 

RAGT (T) and usual care (C). A child can be randomized to a T/C sequence (TC-

group) or to a C/T/C sequence (CTC-group). 

The duration of study participation varies dependent on group allocation (Figure 

6.2.): Children allocated to the TC-group start with a first assessment, followed by a 

5-week period of RAGT (T-sequence), a subsequent second assessment, a 5-week 

period of usual care (C-sequence) and a third assessment. Individual study 



 PELOGAIT – STUDY PROTOCOL 121 
 

participation will accordingly last 11 weeks for children in the TC-group with three 

assessment time points. 

In contrast to that, children allocated to the CTC-group start with an assessment 

followed by five weeks of usual care (C-sequence) and a subsequent second 

assessment. This is succeeded by a 5-week period of RAGT (T-sequence), a third 

assessment, another 5-week period of usual care (C-sequence) and a follow-up 

assessment. Thus, study participation for children assigned to the CTC-group lasts 

16 weeks. The rationale for the differences in study duration and number of 

assessments between the study groups is that we want to reduce the burden for the 

children and their families as much as possible while still gaining information on the 

preservation of a potential effect at follow-up.  

 
Figure 6.2. Overview of the outcome measures and the measurement time points per group.  

RAGT, Robot-assisted gait training; GMFM-88, Gross Motor Function Measure-88; 10MWT, 10-meter 

walk test; *on an optional basis. 
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Eligibility criteria 

Children aged 6 to 18 years with the diagnosis of a bilateral di- or quadriplegic spastic 

CP and a Gross Motor Function Classification System (GMFCS) level II-IV, who are 

able to walk at least 14 meters with or without walking aids, are eligible for study 

participation. Although we are aware that these criteria encompass a wide range of 

different motor abilities and developmental states, we consider it important that our 

study population represents the whole range we encounter in clinical practice. 

Further, children have to be able to follow instructions and communicate pain or 

discomfort. 

Exclusion criteria are neurosurgery or orthopaedic surgery on the lower extremity or 

trunk within the last six months, having participated in another Lokomat training 

regime within the previous six months as well as a change in concomitant treatment 

within the last four weeks before or during the study period. This holds true for all 

contraindications outlined in the Lokomat manufacturer’s manual, as for example 

severe contractures (i.e. >20° knee extension deficit, >40° hip extension deficit), 

bone fractures, open skin lesions or circulatory problems. Further criteria and their 

clinical implementation are described in a recently published paper by a Lokomat 

expert panel.34 

Recruitment 

Patients are recruited by announcement in schools for children with special needs, 

in pediatric clinics and in outpatient pediatric physical therapy practices. Additionally, 

we will inform parents of children who have previously trained on the Lokomat and 

who fulfill the inclusion criteria about the study in a letter. Information about the study 

is also made available on the website of the two participating centers as well as of 

the association of Swiss pediatric physiotherapists. Families interested in 

participating can then take the initiative and contact one of the two rehabilitation 

centers. 

Randomization, allocation concealment, and blinding 

Randomization into the two groups with different intervention sequences is 

performed using a minimization method with a random factor of 0.9, including the 

factors severity of impairment (GMFCS-level II or III/IV), age (6-11 years or 11-
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18years) and Botulinum Toxin A-treatment (present or absent) in the preceding 6 

months. Minimization facilitates balancing even small groups in terms of selected 

patient factors at all stages of a trial. To ensure that group allocation is concealed for 

patients and their families as well as everyone who is involved at any stage of the 

trial, the randomization list is generated by a person not belonging to the study team 

on www.randomizer.at and stored off site. Directly after inclusion of the patient the 

study coordinator seeks information about group allocation through a phone call or 

an e-mail. As soon as a child is allocated to one of the two groups, the assessments 

and trainings are planned according to the assigned intervention sequence, taking 

into account as much as possible the families’ requests and the school schedule of 

the child. 

The rater of the primary outcome and parts of the secondary outcomes is blinded as 

the performance of the child in these tests is video recorded and scored by means 

of these videos with the rater being unaware of the date the video has been recorded. 

The same applies to the statistician. 

Intervention 

RAGT (T-sequence): Protocols for PBWSTT as well as RAGT in children are very 

heterogeneous so far. Session frequencies range from two to five times per week, 

session durations vary with most studies reporting 20 to 30 minutes of treadmill 

walking per session, and length of treatment varies from two weeks to five months.34 

As our training protocol prescribes the Lokomat training on an outpatient basis, we 

consider a session frequency of three times per week with a maximum of 45 minutes 

of effective walking time on the Lokomat as feasible and a treatment duration of five 

weeks as clinically adequate. 

Trained and experienced therapists, who are used to working with children, perform 

the Lokomat trainings. The trainings are executed following recently published 

recommendations.34 Serious games and other available motivating strategies are 

used in order to increase the child’s adherence to the training. Body-weight support, 

gait speed as well as guidance force of the Lokomat are individually adjusted 

according to the child’s abilities and modified within training sessions and during the 

course over time. To ensure that uniform standards are applied in both centers, a 

http://www.randomizer.at/
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joint practical training session has been performed and the clinical training standards 

have been discussed beforehand. 

Standard therapies can be continued during the intervention period, but should not 

include specific walking training and not be changed in frequency. Parents list the 

type as well as the dosage of concomitant therapy in a personal logbook. 

Usual care (C-sequence): Usual care normally comprises 1-2 sessions of 

physiotherapy per week. Hippotherapy, circuit training, as well as occupational 

therapy can also be elements of standard treatment. These therapies, which are 

individually customized to the needs of the child, are often implemented in the school 

setting. The content of the usual care treatment does not specifically address gait 

training, but rather consists of elements addressing range of motion, tone reduction, 

balance, activities of daily living, etc. Information about the type and dosage of all 

therapies is documented in a personal logbook by the parents. As the treatment in 

our study should represent usual care in clinical practice, we refrained from 

increasing the dosage for the usual care treatment to a comparable level as for the 

RAGT intervention. 

Descriptive parameters and measures describing the interventions 

An overview of all outcome measures and measurement time points is provided in 

Figure 6.2. 

To make sure that the therapists from both centers apply common standards, all 

performed measures have been thoroughly discussed and trained within and 

between the teams.  

Descriptive and clinical data like diagnosis, walking aids, undergone operations, age, 

height and weight are recorded in order to describe the characteristics of the included 

patients. A description and quantification of the RAGT sessions is provided by 

various measures including the percentage of body weight support, gait speed, 

guidance force, distance walked and the number and duration of training sessions. 

Primary outcome measure 

The primary outcome measure is the percentage score of the dimension E (walking, 

running, jumping) of the Gross Motor Function Measure-88 (GMFM-88). It assesses 
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the gross motor function with regard to walking ability.35 The GMFM is a well-

validated measurement tool for children with CP, which can be regarded as a gold 

standard for the assessment of gross motor function in children with CP. The 

dimension E consists of 24 items, each of which is scored on a 4-point ordinal scale. 

The children perform the test barefoot, or with shoes and orthoses, if orthoses are 

used when walking indoors in everyday life. The test is performed without walking 

aids, regardless of the children’s GMFCS-level. A GMFM-certified therapist instructs 

the children while the test is simultaneously videotaped. These videos are later 

scored by a blinded rater, who is also a GMFM-certified therapist. The psychometric 

properties of the total GMFM-88 are well explored in children with CP. Nevertheless, 

information on single dimensions is rather sparse. There is limited positive evidence 

for the responsiveness of dimension E, while evidence on reliability is still unknown 

because of too little patients included in the reliability studies.36 A recently published 

study showed that video rating is a reliable option for the dimensions E as well as D 

with ICCs of 0.99 and 0.97 for the agreement of life and video scores.37 

Secondary outcome measures 

GMFM dimension D: The percentage score of the dimension D (standing) of the 

GMFM-88 to assess the gross motor function with regard to standing ability. The 13 

items are carried out and video rated in the same way as described for the dimension 

E. As for dimension E, there is evidence for responsiveness of dimension D.35 

Reliability seems to be high, but sample sizes of these studies were rather small to 

allow definite conclusions.35,38 

Six-minute walking test: The 6-minute walk test (6MinWT) is performed on a 30-

meter long corridor with poles at each end. The instruction and encouragement of 

the child follows a standardized test protocol and the covered distance is noted to 

one meter.39 Evidence for the test-retest reliability of the 6MinWT is moderate; its 

responsiveness has not been established in children with CP so far.36 

Ten-meter walking test: Gait speed is assessed with the 10-meter walk test 

(10MWT), which is performed on a 14-meter long track with the child using the 

walking aid usually used in daily life. The time needed for the middle 10 meters is 

measured with a stopwatch, allowing 2 meters for acceleration and deceleration 
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each. The test is performed twice without a break. For the evaluation of maximal 

speed (10MWTm), the child is instructed to walk as fast as possible but without 

running, from the first to the last line. The faster out of two trials is used for further 

analysis. For self-selected speed (10MWTss) the child is instructed to walk in a 

normal, comfortable speed from the first to the last line and the mean of two trials is 

calculated. All gait tests are performed with orthoses and walking aids usually used 

in daily life. Evidence for test-retest reliability of the 10MWTm is moderate in children 

with CP.36 To our knowledge, responsiveness of the 10MWm as well as 

psychometric properties of the 10MWTss have not yet been established in children. 

Measures of body function: Regarding the child’s body function level, range of 

motion, modified Ashworth scores, and muscle strength by means of manual muscle 

testing are evaluated in flexion and extension of the hip, knee and ankle joints.40-41 

These measures will be used for descriptive purposes only. 

One complete assessment block takes maximally 120 minutes.  

Additionally, children perform a 3-dimensional gait analysis (3DGA) on an optional 

basis before and at the end of the intervention period to capture spatio-temporal and 

kinematic data of the lower body during walking. The Helen Hayes marker set with 

16 markers for the lower body, seven infrared Vicon MX cameras (Oxford Metrix Ltd., 

Oxford, UK) and two floor-mounted force platforms (AMTI OR 6-7-2000, Advanced 

Mechanical Technology Inc., Watertown, MA, USA) are used for the 3DGA. The 

mean of six clean force plate strikes for each foot and each parameter of interest is 

calculated for further analysis to obtain a reliability level of at least 0.9 for each 

evaluated discrete gait parameter irrespective of the child’s GMFCS level.42 

Sample size and power calculation 

A sample size calculation for a 2x2 crossover design was performed. It indicated a 

sample size of 30 to be sufficient to detect a difference of 3.7%-points in the 

dimension E-score of the GMFM-88,43 assuming a standard deviation of 6.8%-

points,25 a power of 80% and a significance level of 5%. The 3.7%-points 

represented the cut-off value that best differentiated between great and not great 

improvement in motor function in children with CP as judged by their therapists.43 
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This number has been increased to 34 to allow for a predicted dropout rate of about 

10%. 

Statistical analysis 

All data are electronically filed by the PI using EpiData software with double data 

entry and range checks for data values (EpiData Association, Odense, Denmark). 

The statistical analyses are carried out with SPSS24 (IBM Corporation, New York, 

USA) and datasets of all study participants are analyzed on an intention-to-treat 

basis. Descriptive parameters of the participants will be presented. Treatment 

effects, period effects as well as follow-up effects of the two different treatment 

interventions are analyzed with paired t-tests or Wilcoxon signed-rank tests for 

paired samples, with the treatment effect being our primary end-point. Unpaired two-

sample t-tests or Wilcoxon rank sum tests for unpaired samples are used to 

determine whether carryover effects are present.44 Ninety-five% confidence intervals 

are presented with a two-tailed level of significance set at p<0.05. The applied 

analyses are schematically listed in Figure 6.3.  

 
Figure 6.3. Overview of the study protocol and the statistical analyses.  

CTC1, baseline assessment in CTC-group; TC1, baseline assessment in TC-group; CTC2, intermediate 

assessment in CTC-group; TC2, intermediate assessment in TC-group; CTC3, end assessment in CTC-

group; TC3, end assessment in TC-group; CTC4, follow-up assessment in CTC-group; C1, change 

during usual care in CTC-group; C2, change during usual care in TC-group; C3, change during follow-

up in CTC-group; T1, change during robot-assisted gait training in TC-group; T2, change during robot-

assisted gait training in CTC-group. 
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Subgroup analyses are performed according to impairment level (GMFCS level II vs. 

GMFCS levels III and IV) and treatment adherence (12 or more training sessions 

completed vs. less than 12 training sessions), given sufficient numbers within the 

subgroups. 

Missing data will be handled with multiple imputation procedures.45 

DISCUSSION 

RAGT was implemented in the clinical setting of the two participating pediatric 

neurorehabilitation centers as innovative therapeutic approach almost 10 years ago. 

It has become an established treatment option in these clinics to address gait 

impairments in the in- as well as outpatient setting despite the fact that evidence for 

its effectiveness is vague. As we want to determine the effects of RAGT as it is 

applied in the clinical setting, we designed this pragmatic trial. The pragmatic trial 

design allows to evaluate the effects of an intervention under the usual conditions in 

which it is applied, whereas explanatory trials determine the effects of an intervention 

under ideal circumstances.46 Thorpe et al. defined a pragmatic-explanatory 

continuum, an instrument to determine the extent to which a trial can be viewed as 

pragmatic or explanatory.46 Our trial addresses most domains at the rather pragmatic 

end of this continuum. We make concessions towards a more explanatory approach 

in two domains: Regarding the flexibility of the experimental design, we standardize 

frequency, timing and duration of the RAGT intervention and impose some 

restrictions regarding the co-interventions. A further domain concerns the primary 

outcome assessment: While we use the dimension E of the GMFM-88, which is a 

standard outcome in our clinics as well as for the assessment of gross motor 

functions in children with CP, we deviate from a clear pragmatic approach by 

videotaping the assessments and including an additional follow-up assessment. We 

are confident that the chosen trial design allows the evaluation of the effects of RAGT 

as it is implemented in the daily routine of our clinics, while keeping the additional 

burden for the participating children and their families as low as possible. This is also 

the reason why we perform the follow-up assessment only in one group. As 

participation in this trial still requires a considerable amount of time, we expect some 
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difficulties in recruitment. The study is therefore carried out in two centers, namely 

the only two centers in Switzerland that offer a pediatric Lokomat training on a regular 

basis so far. In addition, we designed the study as a crossover trial. The strength of 

this design is that each child receives both treatments, but in a random order. Thus, 

each patient can act as his or her own control requiring only half the number of 

patients needed in a parallel group design. As variation within a person is usually 

less than between patients the treatment effect can be estimated with higher 

precision despite smaller sample sizes.44 On the other hand, a disadvantage of the 

crossover design is the risk of possible carryover effects, which means that the effect 

of the treatment in the first period has an effect that lasts into the second period. A 

carryover effect leads to an underestimation of the effect of the treatment in the 

second period. By introducing a washout period between the different treatment 

periods, this risk could be reduced. Introducing a washout period would lead to an 

additional assessment. In order to reduce the load of the participants to a minimum 

we abstained from a washout period being aware that this might influence our 

results. 

Although the 5-week follow-up period is rather short, we opted for this time frame 

because of the increasing risk of confounding factors that is accompanied by a long 

time interval due to growth, new therapy approaches, illness, operations, increased 

school load etc. 
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ABSTRACT 

PURPOSE: To investigate the effectiveness of outpatient robot-assisted gait training 

(RAGT) in ambulatory children with spastic cerebral palsy (CP) and to highlight 

lessons learned from this trial.  

METHODS: Children (11.3 years; 6.0-15.3years) were randomized to two different 

intervention sequences within a pragmatic crossover design. They performed 5 

weeks of RAGT (3 sessions per week) and 5 weeks of usual care (UC). Dimension 

E of the Gross Motor Function Measure-88 (GMFM E) as primary outcome as well 

as GMFM D and timed walking tests were assessed before and after each treatment 

sequence, and after a 5-week follow-up. 

RESULTS: GMFM E median change scores in the included 16 children (13 males) 

were -0.7 (interquartile range -2.8 to 3.5) after RAGT and 0 (-2.4 to 2.4) after UC. 

Neither GMFM E nor any secondary outcome measure changed significantly after 

RAGT or UC, nor were any period, follow-up, or carry-over effects observable. 

CONCLUSIONS: The families’ positive feedbacks were not reflected by our outcome 

measures. Children’s personalized rehabilitation goals should therefore carefully be 

monitored with individualized measurement instruments. Furthermore, RAGT should 

be embedded as an add-on therapy in a holistic treatment approach, as it cannot 

cover all aspects relevant to gait.  

TRIAL REGISTRATION NUMBER: NCT00887848. 
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INTRODUCTION 

Cerebral palsy (CP) is one of the most common physical disabilities, which affects 

about 2-3 children per 1’000 live births in the Western countries.1 It affects multiple 

dimensions of health, and children with CP are often restricted regarding 

independent mobility and daily walking activity, with one in three not being able to 

walk.2 Thus, improving gait function in these children is often one of the main goals 

of the families and the rehabilitation team.3,4 Pediatric neurorehabilitation addresses 

this goal with various impairment-based (i.e., focusing on the body structures and 

functions of the International Classification of Functioning, Disability and Health: 

Children and Youth Version (ICF-CY)) or more and more task-specific approaches 

(i.e., focusing on the activity component of the ICF-CY).5 A meta-analysis showed a 

substantial effect of different task-specific gait training interventions (including 

conventional overground training, treadmill training with and without body weight 

support, robot-assisted gait training (RAGT), and gait training on an 

electromechanical gait trainer) on walking speed in children with CP.5 Additionally, 

Zwicker and Mayson6 found positive results when summarizing the evidence of 

several systematic reviews on different kinds of treadmill training in children with 

neuromotor disorders.  

New robotic rehabilitation technologies have revolutionized the neurorehabilitation 

field during the last 15 years and have increasingly been implemented in the clinical 

setting.7 They facilitate longer training sessions with more repetitions in a consistent 

movement pattern and provide an attractive and entertaining training opportunity due 

to the implementation of serious games. Further, the training parameters are 

automatically recorded and allow for a better comparison of training intensity across 

different centers. One of these rehabilitation robots is the driven gait orthosis 

Lokomat® (Hocoma AG, Volketswil, Switzerland), which enables a robot-assisted 

gait training (RAGT) for children starting at an early age of approximately five years.8 

The Lokomat automates gait therapy on a treadmill by two actuated leg orthoses, 

which are available in pediatric and adult sizes.8,9 These orthoses are individually 

adapted to the patient’s legs and are attached with cuffs of various available sizes, 

while the patient is secured using a counter system with a harness providing partial 
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body-weight support. The Lokomat offers many possibilities for variations of training 

parameters, such as range of motion, gait speed, amount of body-weight support, 

and guidance force.10 Such modern technology raises high expectations in parents 

of children with CP regarding gains in their child’s walking abilities and the 

development of a physiological gait pattern.3 For the therapy team, it is often a 

challenge to meet these expectations appropriately; the more so as scientific 

evidence in this area shows large deficits. Although studies have provided evidence 

on the Lokomat’s feasibility and safety in pediatric populations,8,11 information on the 

optimal frequency and duration of such interventions as well as the intensity and 

dosage of the training parameters is sparse. A recent systematic review on the 

optimal application mode and the effectiveness of RAGT in children with various gait 

disorders concluded that no clear delivery modes for RAGT in children exist and that 

evidence of its effectiveness is still weak and inconsistent.12 A main reason for the 

weak evidence is that most published results were derived from uncontrolled single 

case studies or case series13-18 and only a few randomized controlled trials (RCT) 

have been published.19-23 All these RCTs were performed with an immense effort 

regarding intervention and outcome measurements. Unfortunately, most of them 

prompted questions regarding their internal validity with limitations concerning 

randomization procedure,19,20 inconsistencies between inclusion criteria and 

included patient sample,19 a large dropout rate,20 and serious statistical flaws.21,22 

Additionally, two studies seemed to be based on the same patient sample without 

further commenting on it.21,22  

When we started our RCT in 2009, only the results of the first uncontrolled single 

case studies and case series studies were available. As we were interested in the 

effects of RAGT as it is performed in our rehabilitation center, we applied a pragmatic 

trial design.24 This study design allows evaluating the effects of an intervention under 

the usual everyday conditions in which it is applied.25 We further chose to apply a 

crossover design, which enables each child to receive both treatments in a random 

order. As each patient can act as his or her own control, and variation within a person 

is usually less than between patients, the treatment effect can be estimated more 

precisely. With that, it requires only about half the number of patients needed in a 



 PELOGAIT – LESSONS LEARNED 139 
 

parallel group design.26 As pediatric neurorehabilitation is generally faced with low 

case numbers, a reduction in sample size needed is an essential factor in this 

research field. We, therefore, accepted possible disadvantages of the crossover 

design like carry-over or period effects and longer study duration for the participants 

and addressed these statistically. 

Thus, this research project aimed to investigate the effectiveness of RAGT on 

improvements of functional gait parameters in ambulatory children with cerebral 

palsy in a pragmatic, randomized, crossover trial. We hypothesized that a 5-week 

period of RAGT on the Lokomat in an outpatient setting would be superior 

concerning the improvement in gait function when compared to a 5-week phase of 

standard treatment in children with a bilateral spastic CP within a crossover design 

with a randomized treatment sequence. For this, we measured the dimension E of 

the Gross Motor Function Measure-88 (GMFM-88) as the primary outcome measure 

and collected several baseline variables and secondary outcome measures, mainly 

on the activity component of the ICF-CY.  

After a study duration of more than eight years (compared to planned four years), 

we decided to stop the trial mainly due to severe recruitment difficulties, which we 

could not overcome despite several measures that were taken in the course of the 

trial. In this article, we report on the results of the 16 patients we have included until 

study termination, and address the lessons learned from our study, on the one hand 

from the content side regarding the Lokomat intervention, and on the other hand 

regarding methodological aspects. 

MATERIALS AND METHODS 

The study was designed in accordance with the Declaration of Helsinki27 and the 

extensions of the CONSORT (Consolidated Standards of Reporting Trials) 

statement for non-pharmacologic treatment interventions28 and pragmatic trials.29 It 

was approved by the Ethics Committee Zurich and registered on ClinicalTrials.gov 

(NCT00887848) on 23 April 2009. Written informed consent and assent was 

obtained from all the legal guardians and the child by the study coordinator (C.A.) 

prior to participation. 
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Design and setting 

The methods of this study are outlined in detail in the published study protocol.24 In 

short, the study was designed as a bicenter, pragmatic, randomized, crossover trial. 

It was carried out in the outpatient setting of the rehabilitation center of the University 

Children’s Hospital Zurich in Affoltern am Albis and the Pediatric Therapy Center of 

the Reha Rheinfelden (Switzerland).  

Participants 

Children aged 6 to 18 years with a bilateral spastic CP and a Gross Motor Function 

Classification System (GMFCS) level II-IV who were able to walk at least 14 meters 

with or without walking aids were eligible for study participation. They had to be able 

to follow instructions and communicate pain or discomfort. Exclusion criteria were 

neuro- or orthopedic surgery on the lower extremity or trunk within the last six 

months, having participated in another Lokomat training regime within the previous 

six months as well as a change in concomitant drug therapy within the last four 

weeks before or during the study period. Further, children showing contraindications 

as outlined in the Lokomat manufacturer’s manual, for example, severe contractures 

(i.e., >20° knee extension deficit, >40° hip extension deficit), bone fractures, open 

skin lesions or circulatory problems, were excluded. 

Recruitment happened through announcements outside the rehabilitation center in 

schools for children with special needs, in- and outpatient pediatric clinics, and 

physical therapy practices. Parents of children with previous RAGT experience were 

informed by a letter of the center’s head physician and information on the study was 

published online. 

Randomization 

Children were randomized to two different pre-specified sequences of interventions. 

The two interventions were RAGT as treatment (T) on the Lokomat in the outpatient 

setting of the RCA and usual care as control (C) in the home environment of the 

child. A child could be randomized to a T/C sequence (TC-group) or a C/T/C 

sequence (CTC-group). Randomization into the two groups was performed using a 

minimization method with a random factor of 0.9. We included the factors severity of 

impairment (GMFCS-level II or III/IV), age (6–11 years or 11–18 years) and 
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Botulinum Toxin A-treatment (present or absent) in the preceding 6 months, as we 

assumed that these factors could influence the effect of the intervention. To ensure 

concealed allocation, the randomization list, which was generated on 

www.randomizer.at by a person not belonging to the study team, was stored off-site. 

As soon as the study coordinator had received written informed consent, information 

about the included child’s group allocation was requested via phone or e-mail.  

Intervention 

RAGT (T) 

RAGT on the Lokomat was applied three times per week over five consecutive 

weeks with a maximum of 45 minutes of effective walking time per session. Trained 

and experienced therapists, who were used to working with children, performed the 

training sessions, which were executed according to recently published 

recommendations.10 Serious games and other available motivating strategies were 

used to increase the children’s adherence to the training. Body-weight support, gait 

speed, training duration, as well as guidance force of the Lokomat were individually 

adjusted according to the child’s abilities and modified within training sessions and 

during the course over time. Standard therapies could be continued during the RAGT 

period, but should not include specific walking training. Type and dosage of 

concomitant treatment were recorded in a logbook. 

Usual care (C) 

Usual care normally consisted of one to two individual sessions of physiotherapy per 

week. Additionally, hippotherapy, circuit training, or occupational therapy could be 

elements of standard treatment. These therapies, which were individually 

customized to the needs of the child, were often implemented in the school setting 

in the child’s home environment. Usual care treatment did not specifically address 

gait training but rather consisted of elements addressing range of motion, muscle 

tone reduction, balance, activities of daily living, etc. Responsibility, planning, and 

content of the C-treatment were entirely in the hand of the child’s therapist in the 

home environment. Information about the type, duration, and frequency of all 

therapies was documented in a logbook by the parents. 
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The duration of study participation and number of assessment time points varied 

dependent on group allocation between 11 weeks with three assessment time points 

(TC-group) and 16 weeks with four assessment time points (CTC-group) (see Figure 

7.1.). 

 
Figure 7.1. Overview of the outcome measures and the measurement time points per group.  

Children randomized to the CTC-group with the intervention sequence usual care/robot-assisted gait 

training (RAGT)/usual care were measured at four different time points within 16 weeks. Children 

randomized to the TC-group underwent the intervention sequence RAGT/usual care and were measured 

at three different time points within 11 weeks. Differences regarding intervention time and numbers of 

measurement time points were deliberately chosen to reduce the burden on children and families as much 

as possible. 

Outcome measures 

Primary outcome measure 

The percentage score of the dimension E of the GMFM-88 (GMFM E) was used as 

primary outcome measure.30 It assesses the gross motor function with regard to 

walking ability and consists of 24 items, which are scored on a 4-point ordinal scale. 

The test was performed without walking aids, regardless of the children’s GMFCS-

level. A GMFM-certified therapist instructed and rated the child. While the 

psychometric properties of the total GMFM-88 are well explored in children with CP, 

there is limited positive evidence for the responsiveness of dimension E.31 

Secondary outcome measures 

We used the percentage score of the dimension D of the GMFM-88 (GMFM D) to 

assess the gross motor function with regard to standing ability.30 The GMFM D 

consists of 13 items, which were tested and scored in the same way as described 
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for GMFM E. There is limited positive evidence for its responsiveness,31 while 

reliability seems to be high.32 

The 6-minute walk test (6MinWT) was performed on a 30-meter long corridor with 

poles at each end and standardized instructions and encouragement for the child.33 

While there is moderate evidence for the test-retest reliability of the 6MinWT, 

responsiveness has not been established in children with CP.31 

We assessed gait speed with the 10-meter walk test at self-selected (10MWTss) and 

fast speed (10MWTfast). Children walked on a 14-meter long track with orthoses 

and walking aids usually used in daily life. Each test was performed twice and time 

needed for the middle 10 meters was measured with a stopwatch. Evidence for test-

retest reliability of the 10MWTfast is moderate in children with CP.31 

Further, measures of body function (range of motion, modified Ashworth scale, and 

manual muscle tests of the lower extremities) were evaluated for descriptive 

purposes.34,35 

Sample size and power calculation 

For the sample size calculation, we used the PASS Power Analysis and Sample Size 

software program (NCSS, LLC, Kaysville, USA) with a Minimum Important Clinical 

Difference (MCID) of 3.7%-points in the GMFM E, which was reported by Wang and 

Yang,36  and a standard deviation of 6.8%-points, which was derived from our data.14 

With a power of 80% and a significance level of 5%, it indicated a sample size of 30 

to be sufficient for a 2×2 crossover design. We increased this number to 34 to allow 

for a predicted dropout rate of about 10%. 

Statistical analysis 

The statistical analyses were carried out with SPSS 24 (IBM Corporation, New York, 

USA) and datasets of all study participants were analyzed on an intention-to-treat 

basis. Descriptive statistics are presented for the clinical characteristics of the study 

participants and the quantification of the T- and C-intervention. Because of ordinal-

scaled data or non-normal data distribution for the primary and secondary outcome 

measures, treatment effects, period effects as well as follow-up effects of the two 

different treatment interventions were analyzed with Wilcoxon signed-rank tests for 
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paired samples, with the treatment effect being our primary end-point. Wilcoxon rank 

sum tests for unpaired samples were used to determine whether carryover effects 

were present.26 Ninety-five percent confidence intervals are presented with a two-

tailed level of significance set at p < 0.025 for treatment and follow-up effects, and p 

< 0.05 for period and carryover effects. Additionally, we calculated effect sizes based 

on the z values of the nonparametric Wilcoxon rank sum tests as 𝑟 = 𝑍 ÷ √𝑁 and 

interpreted r≥0.1 as small, r≥0.3 as moderate, and r≥0.5 as large effect.37,38 An 

illustration of all applied analyses is given in Figure 7.2. 

 
Figure 7.2. Overview of the study protocol and the statistical analyses.  

CTC1, baseline assessment in CTC-group; TC1, baseline assessment in TC-group; CTC2, intermediate 

assessment in CTC-group; TC2, intermediate assessment in TC-group; CTC3,: end assessment in CTC-

group; TC3, end assessment in TC-group; CTC4, follow-up assessment in CTC-group; ΔC1, change 

during usual care in CTC-group; ΔC2, change during usual care in TC-group; ΔC3, change during follow-

up in CTC-group; ΔT1, change during robot-assisted gait training in TC-group; ΔT2, change during robot-

assisted gait training in CTC-group. 

RESULTS 

The first child was enrolled into the study in October 2009. Due to severe recruitment 

difficulties and the already prolonged study duration, the study coordinator and the 

sponsor (H.v.H.) unanimously decided to close the trial untimely in March 2018. Until 

trial termination, 16 children and adolescents with a bilateral spastic CP had 

completed the study, without any dropouts or violation of their assigned treatment 
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sequences. Descriptive characteristics of the study participants are presented in 

Table 7.1. 

Table 7.1. Descriptive characteristics of the study participants (n=16) 

  TC-group CTC-group Total 

Gender 

(n) 

male 6 7 13 

female 2 1 3 

GMFCS-level 

(n) 

II 5 4 9 

III 2 3 5 

IV 1 1 2 

Age (years) 
 11.4 (6.0-

15.1) 

11.2 (6.1-

15.3) 

11.3 (6.0-

15.3) 

Height (cm)  146 (118-178) 142 (110-174) 144 (110-178) 

Weight (kg)  41 (24-67) 43 (18-81) 42 (18-81) 

Walking aids in 

everyday life (n) 

None 5 4 9 

Walker 2 2 4 

PA 1 1 2 

Wheelchair 0 1 1 

Physiotherapy during 

usual care period 

Sessions/week 2 (1-3) 2 (1-3) 2 (1-3) 

Minutes/week 90 (45-135) 90 (45-135) 90 (45-135) 

Range of motion (°) Hip flexion 119 (90-140) 

Hip extension -2 (-20-15) 

Knee flexion (in 90°hip flexion) 145 (110-165) 

Knee extension (in 0° hip flexion) -2 (-20-15) 

Ankle dorsiflexion (in 90° knee flexion) 5 (-20-25) 

Ankle plantarflexion 45 (20-65) 

     
The number of observations (n) is presented for nominal and ordinal variables. Interval scaled variables 

are presented as mean and (range). TC-group, group with treatment-control sequence; CTC-group, group 

with control-treatment-control sequence; GMFCS, Gross Motor Function Classification System; PA, 

personal assistance. 

Five of the children (TC-group: n=3; CTC-group: n=2) had previously undergone one 

or several surgical interventions at their lower extremities, with all of them being 

performed at least two years before study participation. Three children belonging to 

the TC-group had received Botulinum Toxin-A treatment (which was a patient factor 
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within the minimization method) into muscles of the lower extremities within six 

months before their study participation.  

Regarding the ICF-CY body function level, the median modified Ashworth score of 

all children was 0 with an interquartile range (IQR) of 1. The children’s muscle 

strength was moderate (median: 3; IQR: 1). Sagittal range of motion values of the 

lower extremities are listed in Table 7.1. 

Treatment adherence of the participants was high. Except for one child, who 

performed 10 RAGT sessions, all others completed at least 14 of 15 sessions. 

Descriptive parameters of the RAGT sessions are listed in Table 7.2. 

Table 7.2. Characteristics of the robot-assisted gait training (RAGT) dosage parameters (averaged over 

all training sessions per person) 

 Mean Standard deviation Minimum-Maximum 

RAGT session (n) 14.3 1.2 10-15 

Gait speed [m/s] 1.4 0.1 0.5-2.3 

Body weight support [%] 27 0.8 0-78 

Guidance force [%] 94 4 55-100 

Session duration [min:sec] 39:45 4:50 15:52-47:00 

Distance walked per session [m] 935 159 129-1’636 

Distance walked in total [m] 13’519 3’641 2’508-19’843 

    
Additionally to the RAGT sessions, children attended during the T-sequence on 

average 125min±148min (0-540min) of physiotherapy and four children also 

continued with their hippotherapy sessions (41min±85min; 0-300min).  During the C-

intervention, physiotherapy added up to 282min±256min (0-1’020min) and seven 

children attended hippotherapy (63min±82min; 0-225min). 

Primary outcome measure 

Results regarding the primary outcome are described in Table 7.3. GMFM E 

percentage scores did not increase significantly after the RAGT or after the usual 

care period. Neither a treatment effect nor a period, follow-up, or carry-over effect 

was observable (p=0.91/0.61/0.75/0.40, respectively). The effect size did not 

indicate any effect either. Figure 7.3. illustrates children’s individual GMFM E change 

scores after RAGT and usual care. 
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Table 7.3. Scores and change scores at different time points, treatment effects and effect sizes of primary 
and secondary outcome measures 
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Figure 7.3. Individual effects of robot-assisted gait training (RAGT) and usual care on Gross Motor 

Function Measure dimension E (GMFM E) change scores. The order of the bars reflects the chronological 

sequence of the treatment.  

 usual care robot-assisted gait training 

Secondary outcome measures 

Results of the secondary outcomes are described in Table 7.3. None of the 

secondary outcome measures indicated a significant treatment effect. Effect sizes 

did not indicate any effect except for the 6MinWT, which showed a small effect. No 

period, follow-up, or carry-over effects were observed in any of the secondary 

outcome measures. 

DISCUSSION 

We investigated the effectiveness of RAGT on improving walking abilities in 

ambulatory children with bilateral spastic CP. For this, we used a pragmatic 

crossover design with randomized treatment sequences. We stopped the trial early, 

i.e., after more than eight years, when only 16 of the intended 30 patients (34 

including dropouts) had finished the protocol, due to recruitment difficulties. Despite 

having taken various measures to increase the number of participating children 

(prolonged trial duration, broadened eligibility criteria (extended age limit from 16 to 
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18 years, inclusion of children with GMFCS level IV, if they were able to walk 14 

meters), expansion from a mono- to a bi-center trial), we had to recognize that 

achieving the calculated sample size within the next one to three years would have 

been unattainable. Unfortunately, discontinuation and nonpublication of RCTs 

conducted in children have a high prevalence, with difficulties in patient recruitment 

being the most commonly mentioned reason.39 Nevertheless, it is crucial to publish 

also results of such a trial for several reasons: Although we stopped the study 

untimely because the inclusion rate was distinctly lower than anticipated over the 

years, our results  provide some indications regarding the effectiveness of RAGT in 

children with CP. Additionally, they give valuable information for the design and 

realization of a study concerning children with CP.40 

Hopefully, other clinicians or researchers can capitalize on the problems we were 

faced with when running this study. 

We had hypothesized that a 5-week phase of RAGT would be superior regarding the 

improvement of walking abilities when compared to standard treatment with 

conventional physiotherapy for the same duration. The included participants covered 

a broad spectrum of our defined inclusion criteria regarding age, GMFCS-levels, and 

walking abilities. After about half of the intended number of patients - who covered a 

broad spectrum of our defined inclusion criteria regarding age, GMFCS-levels, and 

walking abilities - having finished the protocol, we could not confirm this hypothesis. 

While the lower power may have hampered statistically significant changes, the 

effect sizes of the primary, as well as the secondary outcome measures, were not 

promising either.  

Existing evidence on the effectiveness of RAGT is weak and inconsistent.12 Only 

four RCTs on RAGT with the Lokomat in children with CP have been published. 

Druzbicki et al. found no effects on kinematic and temporospatial gait parameters 

after four weeks with 20 sessions of RAGT in children with GMFCS levels II and III.20 

Peri et al. compared different protocols of gait training interventions with RAGT and 

task-oriented physiotherapy in 44 children with a GMFCS level I to III.23 While 

spatiotemporal and kinematic gait parameters did not change either in any of the 

protocols, GMFM E scores improved significantly after 40 RAGT sessions over a 
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duration of 10 weeks, as well as after 40 physiotherapy sessions with standardized 

gait targeting exercises for the same period. Improvements (RAGT +3.5%, gait 

exercises +3.2%) exceeded the MICD of a large effect size in both groups. The 

GMFM D also improved considerably in both groups (RAGT +3%, gait exercises 

+5%), while the 6MinWT only increased in the RAGT group (+21m). However, these 

results did not reach statistical significance, and no differences between the 

intervention protocols were present. Surprisingly, the protocols with mixed 

interventions (a combination of 20 RAGT and 20 conventional gait therapy sessions 

over 4 or 10 weeks) did not reveal any significant changes at all. In contrast to the 

studies described above, the two RCTs conducted by Wallard et al. (both including 

the identic patient sample of 30 children with spastic CP, GMFCS-level II) found 

significant improvements in diverse kinematic parameters on the lower and upper 

extremities as well as in GMFM D and E scores after 20 sessions of RAGT.21,22 

However, these two studies prompt various questions regarding the randomization 

and concealment of allocation sequence procedure, the statistical analyses, and the 

standardization of the therapeutic interventions. Further, the clinical relevance of 

significant improvements in kinematic parameters of only a few degrees is at least 

questionable. The lower-level design studies on RAGT in children, which did not 

include a control group, yielded inconsistent results regarding improvement in gait 

speed, gait endurance, and gross motor function.12 

The results of our study imply that RAGT is not effective in this patient population. 

Besides the statistically insignificant results, the effect sizes, except those of the 

6MinWT, did not indicate any positive results either. Taking our findings and 

experiences conducting the trial over the past years into consideration, we have 

several points to address. Some aspects refer to a conceptual level regarding 

developing insights into the contents of a rehabilitation process based on the 

approach of the ICF-CY, and others to gaining more profound methodological 

insights into working with a pragmatic trial design in general as well as in this 

particular patient group. 

Half of the children in our study had previous RAGT experience and completed their 

second or third RAGT period. Schroeder et al. found that repetition of RAGT 
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negatively correlates with improvement in GMFM scores,41 although we could not 

find such a relation in our data. Furthermore, evidence exists that development of 

gross motor function in children with CP may vary in countries with different health 

services systems.42,43 In Switzerland, as in many other western European countries 

and Canada, children with CP are embedded in a timely and constant rehabilitation 

regime. Thus, children in our study already received a relatively large amount of 

therapy before their study participation to promote their motor abilities as much as 

possible. This observation leads us to the first valuable lesson learned from this 

research: comparing single therapy interventions like RAGT against other 

therapeutic approaches is - although this was standard practice when we started our 

study - of questionable relevance for the rehabilitation field nowadays, where 

different disciplines and therapies are mostly combined to a complete package. 

Single aspects of the treatment package (such as RAGT) should only be investigated 

as an add-on option within the whole treatment approach and not be applied as 

stand-alone therapies. Otherwise, such studies could evoke problems regarding the 

contrast between the different study arms. This was probably also the case in our 

study, as most of the children were enrolled in a regular therapy program in their own 

environment, which they accomplished during the usual care period, and more than 

half of the children at least partially also during the RAGT period. 

Concerning the RAGT intervention itself, we tried to follow a pragmatic approach as 

much as possible. As methods and principles of RAGT application and the 

accompanying software changed over the last eight years, we always aimed at 

applying the current state-of-the-art training strategies when performing RAGT. For 

example, we continually implemented the latest Lokomat software and serious 

games and adjusted the training parameters individually to promote active 

participation in each child. In regular practice, we do not opt for an isolated Lokomat 

training in our center but always combine it with physiotherapy and sports therapy 

lessons, focusing on the same individualized goals within a multidisciplinary 

rehabilitation approach. These goals are defined in advance together with the 

children and parents to cover the areas that are most relevant to each family and 

thus mostly concern the activity and participation component of the ICF-CY. For the 



152 CHAPTER 7 
 

trial, we selected the GMFM E as our primary outcome, because the GMFM was 

considered the gold standard for the evaluation of gross motor function in children 

with CP. This leads to a next lesson learned from our study: A pragmatic study 

approach should reflect the personalized rehabilitation goals as best as possible. 

Thus, care should be taken that an individualized measurement instrument is used 

as a primary outcome. Such measures will ensure that intervention studies examine 

results relevant to both the child and family as well as the rehabilitation team. For 

this purpose, for example, the Goal Attainment Scale may be a promising option, 

which quantifies the achievement of goals in a standardized way, while these goals 

are set for each child individually.44,45  

Our training protocol prescribed three RAGT sessions per week over a period of five 

weeks - a frequency and duration that we had considered clinically adequate and 

feasible on an outpatient basis. A 4-5-week period of 15-20 RAGT sessions also 

conforms with what is usually financed in children with CP by the health insurances 

in Switzerland. However, Peri et al. had adopted 40 therapy sessions within ten 

weeks in their groups with significant and clinically meaningful improvements, while 

their group with a mixed protocol of 20 RAGT and 20 physiotherapy sessions over 

four weeks did not improve.23 The four-week RAGT intervention of Druzbicki et al. 

did not result in a positive effect either.20 Apparently, the duration of the applied 

RAGT period could be a crucial factor for the potential of improvement in these 

children. 

A crucial methodological lesson learned from this trial involves the recruitment of 

study children. Due to our intention to explore the effectiveness of RAGT as a single 

intervention compared to a usual care approach, we decided not to conduct this 

study in our regular inpatient setting. In our rehabilitation center, allocated children 

stay in the inpatient setting for many weeks and visit various therapy sessions and 

school in our center, as our center is the only rehabilitation center particularly for 

children in Switzerland. Only offering RAGT over several weeks instead of a whole 

rehabilitation treatment package would not have been acceptable under these 

conditions, neither for the families nor the treatment team. This decision led us to 

take a more explanatory approach concerning the aspect of patient recruitment. 
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Despite the fact that we also treat children on an outpatient basis in our center, this 

fact, in retrospect, turned out to be one of the reasons that we only were able to 

recruit half of the anticipated children. Although we had taken steps to keep the 

families’ effort of study participation within reasonable limits, it became apparent that 

most families preferred to arrange the RAGT period during their child’s school 

holidays, to limit the burden acting on the child as much as possible. The more so 

since the geographically decentralized location of our center brought considerable 

travel expenses for many families. These issues reduced the number of participants 

from the anticipated ten children to maximally two to three per year. We expanded 

the mono- to a bi-center trial after five years, enlisting the support of the Pediatric 

Therapy Center of the Rehabilitation center in Rheinfelden, the only other center with 

a pediatric Lokomat in Switzerland. Unfortunately, despite the local study 

coordinator’s high motivation and effort, no single child could be recruited in this 

second center. 

To avoid such problems, recruitment should focus as much as possible on the patient 

population represented in everyday clinical practice. In this way, logistical 

challenges, planning efforts, and resources of participating and executing parties can 

be kept within a better manageable and foreseeable range. Moreover, the research 

question can be answered within the context the question originated and not in a 

more artificial situation.  

In general, it should be considered that such design choices towards a more 

pragmatic or explanatory study design may affect validity, generalizability, precision, 

and feasibility.46 Nowadays, the PRECIS-2 tool, which was developed to support 

researchers in designing trials, would be a helpful instrument to make informed 

decisions about the trials’ position on the pragmatic-explanatory continuum.47  

We opted for a crossover design because it was regarded the optimal study design 

for small patient groups when the study protocol was established. Recognizing the 

lessons mentioned above as well as the present disadvantages of this design (longer 

trial duration, potential carryover and period effects, higher drop-out rates, 

sophisticated statistical analyses),48 other study designs, as n-of-1 trials, single case 
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methodology designs or observational designs, could be considered as possible 

alternatives to the chosen crossover design. 

CONCLUSION 

The results of our study indicate that 15 sessions of RAGT within a 5-week period 

are not effective in improving walking abilities in ambulatory children with CP. With 

that, it adds a further piece to the very limited evidence of RAGT in children with CP. 

We applied RAGT as a single intervention compared to usual care, in line with the 

methodological point of view when designing the study. Our results must, therefore, 

also be interpreted in this light. Nowadays, clinical recommendations are to embed 

its application in a holistic treatment with other therapies.10 

An inpatient approach, offering the possibility of higher RAGT dosages as an add-

on therapy element within an individualized holistic treatment package – as it is 

common practice in our center - may be a more promising and pragmatic, although 

still challenging, strategy to investigate the effect on walking abilities in children with 

CP living in Switzerland. Further high-level design studies are on the way,49 and until 

the publication of their results, we have to monitor each child carefully during a RAGT 

intervention to determine whether benefits are present that justify the efforts and 

costs of this highly specialized treatment approach. 
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Independent mobility and daily walking activity are often restricted in children with 

neuromotor disorders.1 The dependency on wheelchair, walking device or an 

accompanying person reduces their possibilities to explore and experience their 

environment actively.2,3 Robot-assisted gait training (RAGT) is one example of the 

various therapeutic interventions that aim at improving children’s walking abilities to 

reduce their dependency. Being implemented more than ten years ago in the 

pediatric neurorehabilitation setting, RAGT with the Lokomat should have come of 

age by now. Nevertheless, information on clear training prescriptions and optimal 

dosage parameters are absent, and evidence on its effectiveness in the pediatric 

population is weak and inconclusive from a scientific as well as a clinical perspective. 

An aggravating factor is that there seems to be no consensus yet on the most 

relevant and meaningful measures to evaluate the effectiveness of RAGT in children 

with neuromotor disorders. 

In this general discussion, we reflect on the most important findings of this PhD-

thesis regarding measuring and training of walking abilities in pediatric 

neurorehabilitation. Furthermore, we discuss methodological considerations 

regarding research in this setting and provide implications for future studies and 

clinical practice related to the implementation of measures and training of walking 

abilities in children and youths with neuromotor disorders. 

MAIN FINDINGS 

Measuring of walking abilities 

In the first part of the PhD-thesis, we focused on the measures available in research 

and clinical practice to assess walking abilities. Our first step was to conduct a 

systematic review of the evidence on the psychometric properties of gait capacity 

and performance measures in neuropediatric populations (chapter 2).4 We chose the 

International Classification of Functioning, Disability and Health for Children and 

Youth (ICF-CY) as a reference framework for our research as this approach 

illustrates that disability is a result of a complex interaction between the person and 

his or her environment. Accordingly, researchers should extend beyond using only 
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measures of body-structure and function, but also consider the persons' functioning 

within their environment (i.e., performance).  

Our systematic review provided an overview of the current evidence on the 

psychometric properties of 27 measures used to assess functional gait on the activity 

component of the ICF-CY in children and youths with neuromotor disorders. As 

children with cerebral palsy (CP) represent the most substantial fraction in the 

neuropediatric field, it is the diagnosis also most often considered in studies 

evaluating the psychometric properties of a measure in pediatric rehabilitation. 

Researchers and clinicians have to be aware of this fact, as pediatric 

neurorehabilitation generally involves a more heterogeneous group of children with 

several other health conditions. In contrast to our review, most other systematic 

reviews on mobility or activity measures exclusively focused on children with CP.5–

13 Nevertheless, even in this specific population, evidence on measurement 

properties of outcome measures is still limited, let alone other health conditions in 

the pediatric field. Additionally, there is a focus on specific psychometric properties 

that are examined. While far more studies evaluated aspects of reliability, 

measurement error (SEM) was rarely investigated. However, information on the 

absolute agreement would be highly valuable for evaluative measures as it facilitates 

the estimation whether a change that has occurred is a real change. In the 

systematic review, we found some measures with strong or moderate and several 

measures with limited positive evidence on aspects of reliability, most of them in 

children with CP. 

Studies on responsiveness are even less frequent compared to studies on 

measurement error. However, knowledge of an outcome measure’s responsiveness 

is vital to allow a decision on its suitability for a longitudinal evaluation as being 

essential for research into the effectiveness of treatment. As an outcome of the 

review, positive evidence on responsiveness is restricted to the Gross Motor 

Function Measure (GMFM) dimension E in children with Down syndrome and CP as 

well as the Functional Mobility Scale (FMS) in children with CP. 
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Our findings are mostly in agreement with other reviews.9,10,14,15 Discrepancies 

regarding reported evidence levels of single tests are mainly due to differences in 

considering the methodological quality and the sample size of the included studies. 

More studies on psychometric properties of gait measures as well as two systematic 

reviews have been published since the publication of our review in 2014.16,17 Both 

reviews also report on the validity of gait measures, thus enabling a more 

comprehensive view on the properties of these measures – although restricted to 

children with CP. While these reviews found positive evidence on aspects of 

reliability for some additional activity measures, the status regarding measurement 

error and responsiveness remained seemingly unchanged. 

Our review reveals a substantial lack of evidence regarding the psychometric 

properties - especially regarding responsiveness and measurement error - of many 

measures that are commonly used to assess children’s gait function in research as 

well as in clinical practice. Although the appraised measures cover variable 

constructs, most of them address the children’s capacity level within the ICF-CY, 

while only a few consider the performance level. As performance measures account 

for the influence of various environments that children are exposed to in real life, this 

fact contrasts with the primary goal of rehabilitation, which is to empower children to 

live their lives as independently as possible. 

Clinicians and researchers are obliged to find consensus on the most relevant and 

appropriate measures across all ICF-CY components and test these on their 

psychometric properties in either different or more heterogeneous pediatric patient 

populations, depending on the measures aimed areas of application. Only the 

availability of psychometrically sound and practical outcome measures across the 

whole ICF-CY ensures an overall picture of an intervention’s success on a child’s 

walking abilities. 

The results of the systematic review had a significant impact on our clinical practice 

and our further research: Induced by the findings of our systematic review, we 

analyzed the situation regarding the standardized evaluation of children’s gait 

function that perform a RAGT program on the Lokomat in our clinic. The current state 

revealed an underrepresentation of measures reflecting the performance construct 
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of the ICF-CY. After evaluating the relevance and feasibility of the available 

performance measures related to our setting, we chose the FMS and the Gillette 

Functional Assessment Questionnaire – walking scale (FAQ), both addressing 

functional mobility in the daily environment, as being the most promising measures 

for our purposes. Although evidence on the FMS’s and FAQ’s psychometric 

properties already exists, all evidence refers to the English versions of the measures 

and the children’s usual environment. We translated the FMS and the FAQ into 

German by adhering to internationally adopted guidelines,18 and examined the 

psychometric properties of these German versions in a population of children with 

neuromotor disorders within our inpatient neurorehabilitation setting. 

Regarding concurrent validity, all correlation coefficients between the two measures 

and the chosen comparator measures, which were well known and commonly used 

activity measures to assess walking abilities in children, were moderate to strong 

and exceeded the hypothesized lower bounds (chapter 3).19 Further, correlation 

coefficients corresponded well with those reported in the original studies.20,21 

Correlations with other performance measures were not stronger than with capacity 

measures (except for the FMS-500) in our study. This finding is in contrast to 

previous studies, which used comparable tools and found that children with similar 

levels of motor capacity or motor capability did not share the same levels of motor 

performance when walking in the home, school, or community environment.22,23 Our 

inpatient rehabilitation setting may have reduced the differences between walking 

performance and walking capacity. However, none of our correlation coefficients 

exceeded .80, indicating that the FMS and FAQ provide additional information on 

functional mobility in the inpatient setting. Also compared with each other, they are 

based on slightly different constructs, which means that, if both are applied, different, 

complementary information can be obtained. The FMS scores revealed interesting 

additional information regarding the mobility levels of the children in our rehabilitation 

center who were actively training their gait function. Almost 50% of the included 

children were mobile without using a walking aid over 5 meters. This amount 

decreased to 41% over 50 meters and 30% over 500 meters, while 45% of the 

children used a wheelchair for the distance of 500 meters. This shift in the use of 
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walking aids relative to walking distance or environmental setting is comparable with 

observations in the children’s natural environment around their home and at 

school.24 We could further note that the FMS and FAQ do not seem to be affected 

by any floor or ceiling effects in our patient population, as long as one is interested 

in children’s walking abilities. 

For the investigation of the measures’ reliability (chapter 4),25 we wanted to 

investigate several sources of variation concerning raters and environment. We were 

not only focusing on interrater reliability within the same environment but also on 

comparing data collected in two different, though very relevant, settings: the home 

environment of the child and the inpatient setting. This might be the reason why our 

findings regarding the reliability of the two measures were slightly lower than those 

reported by other authors.20,21,26 Interrater agreement between parents, 

physiotherapists, and nurses was above our predefined acceptance level for 

weighted kappa values of 0.6 at both the start and the end of the rehabilitation period. 

This fact is relevant, as it shows that the health professionals can estimate the 

walking performance of the children well, even at onset of the rehabilitation process, 

when they might have seen the child only a couple of times. As there was no 

difference between the rater groups, it does not seem to matter whether nurses or 

physiotherapists score the FMS and FAQ during an inpatient stay – irrespective of 

the differences regarding professional background and patient contact. Therefore, 

implementation of the two measures in the clinical routine could also contribute to a 

common language among interdisciplinary teams in inpatient rehabilitation – as well 

as between health professionals and parents. While kappa coefficients for the FAQ 

ranged between 0.69-0.77, those for the FMS exceeded 0.8 for most of the 

comparisons. Thus, although different environmental settings might affect children’s 

mobility,22,27,28 our results indicate that functional mobility performance in the 

inpatient setting and the child’s usual environment, assessed with the FMS and the 

FAQ, correspond well with each other. Furthermore, from the parents’ perspective, 

they apparently can reliably score their children’s functional mobility at home and are 

valuable discussion partners for the health professionals. 
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To evaluate the effectiveness of inpatient interventions on walking performance and 

interpret the relevance of this change in a clinical context, information on the 

measures’ responsiveness and interpretation like minimally important change (MIC) 

is crucial. We, therefore, investigated the responsiveness of the FMS and FAQ 

during the children’s inpatient stay in our neurorehabilitation center (chapter 5).  

There is a considerable number of definitions and methods to analyze and calculate 

responsiveness.29,30 Some researchers interpret methods for expressing the 

magnitude of change over time like effect sizes and paired t-tests as measures of 

responsiveness. However, these methods are measuring the magnitude and not the 

validity of the change scores. According to the definition of the COnsensus-based 

Standards for the selection of health Measurement INstruments (COSMIN) group, 

responsiveness addresses the latter aspect.31 Thus, methodological principles for 

measuring responsiveness should be the same as for validity studies, with the 

difference that the focus is on change scores collected in a longitudinal study design 

over time. We applied two different approaches, a construct and a criterion approach, 

both recommended by the COSMIN group.31 For the construct approach, we used 

comparator instruments and tested a priori formulated hypotheses on the 

correlations of the measures’ change scores. For the criterion approach, we used 

the therapists’ perception of whether and how the children had changed regarding 

their everyday walking abilities as an external anchor. With that, the results regarding 

the measures’ change scores in comparison with the chosen external standards 

focused on the validity of the change scores and not on the change scores’ 

magnitude as being the result of the treatment interventions that our children had 

gone through during the study period.29 

The values of the area under the receiver operating characteristic (ROC) curves 

(AUC) derived from the criterion approach provided a helpful tool to demonstrate the 

FMS’s and FAQ’s ability to accurately discriminate between children who did or did 

not improve their everyday walking performance during inpatient rehabilitation 

according to the therapists’ view. 

With the anchor-based approach that we applied, we obtained a definition of what 

the therapists consider as minimally important change.32 This knowledge allows an 
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interpretation and estimation of the clinical relevance of the measures’ observed 

change scores after inpatient gait interventions - in clinical practice and research; a 

piece of information that is mostly missing in other tools.  

Our results demonstrate that the FMS and FAQ are not only valid to assess 

functional mobility in children’s usual environment, but also in the inpatient setting. 

As performance measures, they are particularly meaningful for the child and the 

family, because their perspective reflects the child’s behavior in everyday life. 

However, to be of real importance, the scores of FMS and FAQ assessed in the 

inpatient neurorehabilitation setting should be in agreement with those measured in 

the child’s usual environment. Among others, we could answer this question 

positively in our reliability study. This finding is a crucial prerequisite for the 

communication between parents and health care professionals when working 

together on the rehabilitation process of the child. With the positive results regarding 

the measures’ responsiveness as well as the information available on the MIC, the 

FMS and FAQ are now among the few pediatric functional mobility instruments with 

information on each psychometric property. With that, they enable clinicians and 

researchers to adequately evaluate interventions in pediatric neurorehabilitation 

regarding their effect on children’s functional mobility on the ICF-CY construct of 

performance. This is also meaningful for the involved families, since relevant aspects 

of their everyday life are covered. Another positive aspect is that the measures’ 

psychometric properties are not restricted to children with CP, but apply to a very 

heterogeneous group of children with neuromotor disorders as being the standard 

population of our rehab center. Hence, we can recommend their usage for settings 

that are comparable to ours. Still, further trials that provide information on the 

intrarater reliability and smallest detectable change of the FMS and FAQ, or examine 

the measures’ psychometric properties in subgroups related to age, functional 

abilities, or living environment would help raise the evidence to a higher level with 

more specific applicable thresholds per subgroup. 

Training of walking abilities  

In the second part of this PhD-thesis, we focused on the training aspect of walking 

abilities in children with spastic CP. Chapters 6 and 7 describe the protocol, 
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realization, and findings of our pragmatic, randomized, crossover trial, in which we 

aimed to investigate the effectiveness of RAGT with the Lokomat compared to usual 

care in ambulatory children with spastic CP.33 We could not confirm our hypothesis 

that five weeks of RAGT were superior regarding the improvement of walking abilities 

compared to five weeks of usual care. 

Existing evidence on the effectiveness of RAGT with the Lokomat in children is weak 

and inconsistent.34 Only four randomized controlled trials (RCTs) have been 

published, all restricted to children with CP with a GMFCS level I to III. Two of these 

studies demonstrated improvements in GMFM dimension E scores,35,36 while results 

regarding kinematic and temporospatial parameters are conflicting: Two studies 

found no effects,36,37 whereas another research group – with considerable limitations 

regarding their statistical procedures - showed significant improvements in the 

kinematics of the lower and upper extremities in their children.35,38 Lower-level 

designed studies yielded inconsistent results as well, regarding improvements in gait 

speed, gait endurance, and gross motor function.34 

Reflecting on our results and experiences of conducting the trial over the past years, 

we have learned a lot from both a content-related and a methodological point of view. 

As we wanted to gain relevant and transferable information for the clinical setting, 

we aimed for a pragmatic trial design. A study is never either purely explanatory or 

pragmatic but moves within a continuum in relation to different trial aspects.39 It has 

been shown that applying explanatory elements into a pragmatic trial and vice versa 

can affect validity, generalizability, and feasibility.40 

Figure 8.1. illustrates how we assess our study today in relation to various 

parameters on the explanatory-pragmatic continuum with the PRECIS-2 tool that is 

now available.39 This tool was specifically designed to support researchers in their 

choices regarding the explanatory-pragmatic continuum when developing a trial 

protocol. 
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Figure 8.1. The PRagmatic-Explanatory Continuum Indicator Summary - PRECIS-2 wheel.  
The PRECIS-2 wheel visualizes the pragmatic/explanatory extent of a study design. Nine domains are 
scored on a scale from 1 (very explanatory) to 5 (very pragmatic). The closer to the rim the wheel is the 
more pragmatic is the approach of a study. 

In retrospect, some choices that we made towards the explanatory side in the 

planning phase of the study subsequently turned out to be aggravating factors in the 

course of the study. Related to the content of the rehabilitation process based on the 

ICF-CY, it might be a better and more pragmatic choice to compare RAGT as it is 

currently predominantly applied in our clinical setting as an add-on therapy element 

within the whole treatment package. On the one hand, this implies a multimodal and 

multidisciplinary approach – which, for example, involves the transfer of changes in 

body functions into activities of daily living. This approach would also enable us to 

recruit patients within our usual clinical setting – a more pragmatic choice than the 

one in our study, which would have facilitated recruitment largely. On the other hand, 

the pragmatic approach could also be reflected in the outcome measures used. In 

this respect, performance measures and individualized tools that address the 

personal goals of the participants and their families are particularly useful and thus 

influence the study results’ relevance. 
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METHODOLOGICAL CONSIDERATIONS 

Measuring of walking abilities 

We defined the scope of our systematic review based on the measures’ most 

essential requirements regarding their potential utilization in our rehabilitation center. 

Therefore, we decided to consider measures related to any pediatric neuromotor 

disorder, but to limit the review on reliability, measurement error, and 

responsiveness, as these are the most critical psychometric properties for an 

evaluative outcome measure. Another review that appraises validity aspects of the 

available measures, while considering all pediatric neuromotor disorders, would be 

desirable to complete the picture regarding the available evidence. 

Definitions, criteria, and explanations provided by the COSMIN group provided an 

invaluable framework for our systematic review as well as all psychometric 

studies.31,41,42 The COSMIN standards were also very beneficial in the further course 

of this PhD-thesis to ensure a high methodological quality of our psychometric 

studies. Additionally, adhering to these criteria improves the comparability and ability 

to summarize the results of various studies. 

By introducing the FMS and FAQ in the inpatient setting to score children’s inpatient 

functional mobility performance, we had to adapt the rating procedure to a certain 

extent. Thus, we chose to have the scoring done by the physiotherapists and the 

nurses to determine additionally a group of health professionals most qualified to 

score everyday life mobility in the inpatient setting. While we could apply the FAQ as 

it was, we had to customize the explanations of the three FMS-items to our inpatient 

setting. Accordingly, we defined the FMS-5 as the child’s mobility in the patient room, 

the FMS-50 as mobility within the rehabilitation center (between wards, therapies, 

and inpatient school), and the FMS-500 as mobility outside around the rehabilitation 

center. High kappa coefficients and high agreement between our health 

professionals, who scored everyday life mobility in the rehabilitation setting, and 

parents, who rated their child’s mobility in the usual environment, provided evidence 

that the adaptations made for the inpatient setting seem to correspond well to the 

home setting. 
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Due to our inpatient setting, we had to make some concessions regarding the 

administration mode of the FMS and FAQ. Nurses and physiotherapists scored the 

FMS and FAQ based on their observations instead of parents- or child-interview. 

This ensured a rating that referred to the children’s gait performance in the inpatient 

setting. Standardized interviews with the health professionals facilitated that they 

scored the measures regarding performance and not capacity, which is much more 

common, especially among therapists. Our approach might have influenced the 

correlation strength between the FMS/FAQ and the comparators, as well as 

increased the interrater reliability of the measures. 

For the validity and responsiveness studies, we compared the FMS and FAQ with 

other measures of walking ability. Despite the missing evidence on the psychometric 

properties of the measures’ subcategories, we used the dimension E of the GMFM 

and the walking item of the WeeFIM instead of the comprehensive measures as 

comparators. Although being aware of the limitations, we preferred this option to the 

use of multidimensional instruments with known psychometric properties as this 

choice ensured a similar underlying construct in the index and comparator 

measures. The same restrictions also relate to the GRS that we applied as an anchor 

for the evaluation of the measures’ MIC: although the psychometric properties of 

such a single question assessing change may be unknown, it often has high face 

validity.32 Regarding the MIC, we consider a GRS estimation through parents or 

children as most relevant. However, we had the GRS rated by the therapists due to 

the same aspects related to our setting as mentioned for the rating of the FMS and 

FAQ. Discussions are going on, whether a GRS should be used within a criterion or 

a construct approach for the assessment of responsiveness. We, therefore, applied 

both methods. 

The study samples of the psychometric studies mainly represented the typical 

patient population of our clinical inpatient rehabilitation setting and were very 

heterogeneous regarding age, diagnoses, mobility levels, and rehabilitation duration. 

Whereas this heterogeneity was desirable from a content-related perspective, it 

resulted in variable numbers regarding the comparator tests, as not all included 

patients were able to perform all tests at each measurement time point. 
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Training of walking abilities 

We only recruited sixteen of the anticipated 34 patients in our trial on the 

effectiveness of RAGT, despite prolonging the study duration, broadening the 

inclusion criteria, and expanding the mono- to a bi-center trial after five years. 

Reasons for our recruitment difficulties are diverse. Although we had used various 

channels to promote our study, the response rate was low. The logistical challenges 

of reconciling the study protocol with the families’ requirements of everyday life and 

the burden on resources of the rehabilitation center were huge. Travel efforts due to 

the decentralized location of our rehabilitation center limited study participation to 

school holiday periods for most families. The second study center could not 

contribute additional children either because of the same reasons, despite the local 

study coordinator’s a priori estimation of two to three study participants per year.  

Although we restricted study participation to children with spastic CP with a GMFCS 

level II-IV who can cover at least 14 meters, our sample was still very heterogeneous 

regarding age, body function level, cognitive function, and walking abilities, which 

reflects the heterogeneity of this patient group. Children also differed regarding their 

previous RAGT experience. In everyday clinical practice, children undergoing RAGT 

training in our clinic are even more heterogeneous, since we also treat children with 

diagnoses other than CP, who may also benefit from a spontaneous neurological 

recovery, for example. 

Over the long duration of our trial, methods and principles of RAGT application and 

accompanying software, as well as serious game possibilities, have changed 

considerably. Owing to the pragmatic trial design, we always applied the current 

state-of-the-art RAGT strategies which best suited the children’s capabilities. We 

continually implemented the latest Lokomat software and serious games, which, in 

addition to the motivation provided by the therapists, facilitated as active child 

participation as possible. We also adjusted the training parameters (body-weight 

support, gait speed, guidance force, and range of motion) individually to each child. 

While this approach warranted that each child received the most optimal treatment, 

it rules out the possibility to deduce the most effective RAGT set-up. 
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The conceptualization of the trial started more than nine years ago. At this time, we 

concentrated on outcome measures that were often used in other studies on gait 

training in children with neuromotor disorders. These had been mainly measures of 

body function and walking capacity, most of them with limited evidence on their 

psychometric properties. Measures of walking performance had not yet been 

available in German. The question arises whether the results would have been 

different if we had been able to implement the FMS and FAQ in our trial. 

We chose a crossover study design for our RCT to deal with the problem of the small 

sample sizes, which are common in pediatric clinical research. This design has the 

advantage that each child can act as their own control, which results in a higher 

precision regarding the estimation of the treatment effect and thus reduces the 

necessary sample size.43 Although sample sizes are reduced compared to the 

standard parallel-group design, the crossover design is not the answer to all 

problems, as sample sizes needed can still be too high for pediatric intervention 

studies. Furthermore, duration of the trial is increased because every patient has to 

complete at least two study periods.44 A further disadvantage of the design is the risk 

of carryover effects, which our study was exposed to because of the omission of a 

washout phase. Statistical analyses did not indicate any reason to suspect carryover 

effects, though. 

We chose a 5-week follow-up period, which is on the one hand somewhat short, but 

could decrease the influence of confounding factors to some extent (e.g., growth, 

illness, motor development) on the other side. The question of the optimal follow-up 

period is especially tricky to be answered in the pediatric field, where the influence 

of growth and developmental changes are added to common factors as changes in 

medication or concomitant therapies, psychosocial aspects, illnesses, work load, etc. 

IMPLICATIONS FOR FUTURE RESEARCH AND CLINICAL PRACTICE 

This PhD-thesis addresses the measurement and training of functional walking 

abilities - two fundamentally different aspects, which are nonetheless firmly 

interrelated: Results of an intervention trial are only valuable for clinical practice and 
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research if sound outcome measures have been applied that are relevant for the 

field in question. 

The arrival of the first Lokomat in our rehabilitation center in 2005 was 

simultaneously the birth of our research group. Being the first center worldwide that 

applied RAGT with the Lokomat in children, evidence on its feasibility, safety, and 

effectiveness was apparently nonexistent. We, therefore, implemented standardized 

assessment procedures and monitored the clinical RAGT training scientifically.45–49 

However, our results always derived from children who were involved in a multi-

modal and interdisciplinary inpatient rehabilitation program, which we did not duly 

take into account when interpreting the results. Against this background, we started 

in 2009 our RCT on an outpatient basis to close part of the knowledge gap regarding 

the effectiveness of RAGT in children.33 

During the course of the trial, we realized more and more the significance of 

appropriate and meaningful outcome measures. Body function measures, for 

example, may not be of high importance for young children with disabilities, as they 

refer to their usual walking pattern as “normal” and do not necessarily aim to walk in 

so-called typical gait patterns.50 Our systematic review on gait-related activity 

measures showed us that many tools that are used in clinical routine and research 

have no or only very limited evidence on their psychometric properties. Furthermore, 

also the relevance of these measures for the children or their families is often 

questionable. In contrast, performance measures allow a direct transfer regarding 

the child’s activity in its everyday life environment and therefore deserve special 

consideration. They have an integral value in the evaluation of children’s walking 

abilities by offering further insights into the complex construct of functional mobility. 

These aspects motivated us to select two performance measures that we considered 

relevant in our setting, translate them into German and test their psychometric 

properties in the inpatient setting for eventual implementation in our clinical routine. 

By comparing the FMS and FAQ with other frequently used gait measures, we could 

show that they provide additional information.19 This information enables the 

multidisciplinary rehabilitation team to get a more comprehensive overview of a 
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child’s functional walking abilities and to use a common language regarding the 

child’s functional mobility in everyday clinical routine. 

Also, the fact that the relationship between children’s capacity and participation in 

life seems to be significantly mediated by their performance hints at the relevance of 

including performance tools into the clinical assessment battery.51 

Our psychometric studies on the FMS and FAQ demonstrated their scores’ 

correspondence between the inpatient setting and the child’s usual environment, 

their responsiveness to change, and yielded first knowledge on their MICs regarding 

inpatient rehabilitation.25 With these prerequisites, FMS and FAQ would have been 

ideal outcome measures in our RCT. Used together, they would have enabled a 

comprehensive assessment of functional mobility in the children's everyday life by 

taking into account walking aids, different settings, as well as various terrains. 

Unfortunately, they were not yet available in German at the start of our RCT. The 

question remains open whether the outcome of our trial might have been different 

with these now available tools. 

In the meantime, we implemented the FMS and FAQ in the clinical assessment 

routine of our rehabilitation center. Physiotherapists score the walking performance 

of all children performing any gait training in our center at the beginning and the end 

of rehabilitation as standard. To facilitate extensive use of the measures in the 

German-speaking area, we provide the downloadable German versions of the two 

performance measures on our website for free 

(https://www.kispi.uzh.ch/rza/de/forschende/publikationen/downloads/) – by 

courtesy of the original developers. Future research could address the question, 

whether one or both measures could also be suitable as a classification instrument 

of children’s functional mobility. So far, we only know of the GMFCS as such a tool, 

which – although widely used for children with different diagnoses - is only valid for 

children with CP.52  

Being aware of the small patient populations in our research area, we chose a 

crossover study design for our RCT. Although this study design reduces the 

necessary number of study participants compared to a parallel study design, it still 

turned out to be not the optimal solution for our research field. Thus, an important 
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question that has to be answered for further prospective intervention studies in our 

area is, whether other problem-solving approaches would be more promising. 

One possibility concerning the study design might be to use alternative research 

approaches, e.g., an n-of-1 trial or a single case methodology design. N-of-1 and 

single case methodology trials evaluate different treatment effects within a single 

patient over time.53,54 N-of-1 trials use multiple (usually randomized and blinded) 

crossover periods,55 whereas single case methodology studies apply only one 

crossover period with three to five measurements per phase.54 Different types of n-

of-1 trials exist, which differ in the way the intervention sequences are applied. 

Depending on the design that is used, results document clinical change in patient 

performance over time.56 By providing practical information, n-of-1 and single case 

methodology trials facilitate the decision-making process for clinicians. With that, 

they are of immediate benefit for the individual patient and the clinician. Furthermore, 

their pragmatic design enables clinicians to contribute actively to the research in their 

field of knowledge.56 A considerable drawback, especially of the n-of-1 trial, is the 

amount of measurement time points needed. To be a feasible option, the design has 

to be combined with relevant outcome measures that are the least labor-, time-, and 

cost-intensive as possible.57 In this context, performance measures like the FMS, 

FAQ, or wireless activity monitoring (provided they exhibit adequate psychometric 

properties) seem to meet many of these requirements. 

Another alternative approach regarding the study design could be the use of the 

GMFM Evolution Ratio.58 This ratio equals the measured GMFM-66 change score 

during a specific period divided by the expected natural evolution for the same 

period. For this model, data for the natural evolution were taken from the five GMFCS 

curves of GMFM-66 scores that were established by Rosenbaum et al.59 For studies 

without a control group, the model provides a possibility for the interpretation of 

GMFM-66 change scores in children with CP. However, this approach has some 

limitations, especially for studies from European countries: The data of Rosenbaum 

et al. are based on children with CP receiving standard care as provided in the 

nineties in Ontario, Canada. Furthermore, the GMFM Equation Ratio is only valuable 
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for children between one and eight years old, and should only be used on the group- 

and not on the individual level.58 

A third approach could consist of changes regarding the statistical perspective from 

a frequentist to a Bayesian framework. A Bayesian perspective offers the possibility 

to learn from evidence as it accumulates by combining prior knowledge that usually 

derives from previous comparable research with information of the current study.60 

In this way, inferences are updated with each new information that is available. This 

integration of prior knowledge could decrease the sample size needed in the current 

trial.61 As the Bayesian approach provides a direct probability interpretation, the 

interpretation of the results is also more intuitive for clinicians.62 Of course, there are 

also limitations to this statistical approach, the most common criticism being the 

possibility of deciding on suitable prior information, for example.60 

Besides the possibilities regarding study design or statistical methods, an inpatient 

approach may be a more promising strategy from the content side to overcome our 

recruitment difficulties and would additionally allow an increase of the frequency or 

duration of the RAGT intervention. It would also offer the possibility to add 

conventional gait therapy sessions, in which the therapists could instruct and help 

the children to adopt the movement experience during RAGT into their on-ground 

walking. This combination of therapy on the body function component (RAGT) and 

its translation into activities (conventional therapies) is already being used and 

propagated in the clinical routine of our inpatient children – although evidence of its 

effectiveness is also pending. 

Furthermore, before starting another trial on the effectiveness of RAGT in an 

inpatient pediatric setting, it would be worthwhile to implement a qualitative phase in 

which various aspects of intervention and assessments, recruitment requirements 

and barriers, as well as motivation to participate are discussed with affected families 

in question. 

CONCLUSION 

This PhD-thesis revealed the limited evidence on psychometric properties of gait-

related activity measures in children with neuromotor disorders. Especially 
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measurement error and responsiveness are rarely addressed, despite the fact that 

many research projects focus on the effectiveness of interventions. We closed this 

gap regarding two measures of functional mobility, the FMS and FAQ, in the pediatric 

inpatient setting and showed that these two measures are valid, reliable and 

responsive to change to assess children’s functional mobility performance in the 

inpatient setting. Besides, our research facilitates the interpretation of patients’ 

change scores, since we used an external anchor to assess the change from a 

clinical point of view. 

Our pragmatic, randomized, crossover trial indicated that 15 sessions of RAGT in a 

5-week period are not effective in improving walking abilities in ambulatory children 

with spastic CP. With these findings, evidence on the effectiveness of RAGT in the 

pediatric population remains weak. A future study should preferably start with a 

qualitative phase which inquires about the families perspective to overcome 

recruitment difficulties, extend over a longer RAGT duration, include individualized 

outcome measures that also reflect the performance construct of the ICF-CY, and 

the researchers should consider applying innovative research designs. 
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SUMMARY 

Mobility, or the ability to move or be moved in one’s environment with ease and 

without restrictions, is a relevant factor regarding physical independence and social 

participation. Many children with acquired or congenital neuromotor disorders are 

faced with limitations concerning their independent mobility, with restrictions in their 

walking abilities playing a vital role in this respect. Hence, an essential goal of 

neuropediatric rehabilitation is to influence children’s walking abilities positively. This 

thesis focuses on two different areas that are closely interlinked within rehabilitation: 

the measurement and the training of functional walking abilities in children with 

neuromotor disorders. 

CHAPTER 1 describes the significance of mobility and how the mobility of children 

with neuromotor disorders is affected. With the International Classification of 

Functioning, Disability and Health for Children and Youth (ICF-CY), it introduces an 

internationally accepted and widely used framework that facilitates a holistic view to 

document and measure a child’s health and disability status and to plan or evaluate 

interventions in clinical and research settings. Cerebral palsy (CP) - with an 

incidence rate of 2-3 per 1’000 live births one of the most common congenital 

disabilities - and its consequences on various health dimensions and possible 

secondary impairments are discussed. The chapter also addresses the expanded 

and revised Gross Motor Function Classification System (GMFCS - E&R), which can 

be considered an essential standard in clinical practice and research to classify the 

gross motor function of children with CP. It is based on categorizing self-initiated 

movements with an emphasis on sitting, walking, and wheeled mobility. 

Furthermore, the chapter gives an insight into the multidisciplinarity and the content 

of pediatric neurorehabilitation and discusses various treatment approaches 

affecting gait function. The evidence of these different gait interventions and their 

implementation modes is discussed with a particular focus on robot-assisted gait 

training (RAGT). Additionally, several aspects that should be considered when 

measuring walking ability are addressed: The influence of the environment, which is 

reflected in the different constructs of performance and capacity, and the 
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psychometric properties of an outcome measure, which should be taken note of 

depending on the measurement goals. The chapter ends with the outline and the 

aims of this thesis, addressing the evaluation and the training of gait function. The 

aims were to: 

(1) investigate and summarize the evidence of gait instruments and their 

psychometric properties in neuropediatric populations 

(2) gain knowledge of the psychometric properties of selected measures 

reflecting functional mobility performance in our inpatient neurorehabilitation 

population 

(3) evaluate the effectiveness of RAGT in children with CP. 

CHAPTER 2 systematically investigates and summarizes the evidence of gait 

capacity and performance measures with the ICF-CY as a reference framework and 

evaluates their psychometric properties in neuropediatric populations. Our 

systematic review provided an overview of the current evidence on the psychometric 

properties of 27 measures used to assess functional gait in children with neuromotor 

disorders. CP was the diagnosis most often considered in studies examining the 

psychometric properties of a measure. Most studies evaluated aspects of reliability. 

Studies on measurement error and especially responsiveness were the rarest. The 

studies’ sample sizes were generally low. Our review revealed a substantial lack of 

evidence regarding the psychometric properties of many measures that are regularly 

used in research and clinical practice. Furthermore, only a few of the appraised 

measures addressed the performance level of the ICF-CY, even though these 

measures take the influence of the environment children are exposed to in real life 

into account, which we consider very relevant. 

Based on the findings of the systematic review and the underrepresentation of 

performance measures in our neurorehabilitation inpatient setting, we considered 

the Functional Mobility Scale (FMS) and the Functional Assessment Questionnaire 

– walking scale (FAQ) to be the most suitable tools to be applied in our setting, 

regarding their practicability and usability. Both are performance measures that 

address functional mobility in the daily environment. To be used in our rehabilitation 

center, we translated the FMS and FAQ into German and evaluated their 
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psychometric properties in children and adolescents with neuromotor disorders, who 

were inpatients in our center. 

CHAPTER 3 reports on the translation and the examined concurrent validity of these 

two measures, by comparing them to well-known activity measures assessing 

walking abilities in children, such as the walking item of the Functional Independence 

Measure for Children (WeeFIM walking), the 10-meter (10MWT) and 6-minute walk 

tests (6MinWT), and the dimension E (walking, running, jumping) of the Gross Motor 

Function Measure-88 (GMFM E). All correlation coefficients were moderate to 

strong, exceeded the hypothesized lower limits, and corresponded well with the 

reported values of the original English versions. However, correlations with the 

WeeFIM walking, which is also a performance measure, were not higher than 

correlations with the capacity measures. A possible explanation for this finding could 

be that the environment in the rehabilitation center with the optimized infrastructure 

and the daily routine of the inpatient setting may have reduced the differences 

between walking performance and walking capacity.  

Both measures did not seem to be affected by any floor or ceiling effects in our 

patient sample, and none of the correlation coefficients exceeded 0.8. Thus, the FMS 

and FAQ provided additional information on functional mobility in the inpatient setting 

and facilitated a more differentiated picture of patients’ mobility levels in varying 

contexts during the inpatient stay. Measuring performance hereby provides a 

meaningful perspective for the child and their family as the results are directly 

transferable to the child’s behavior in everyday life. 

Our study expands the already existing evidence of the FMS and FAQ’s validity to 

assess functional mobility also in the inpatient setting. 

CHAPTER 4 determines the interrater reliability of the FMS and FAQ. We 

investigated several sources of variation regarding the raters and the environment 

by comparing the ratings between nurses and physiotherapists in our inpatient 

neurorehabilitation setting and between these health professionals at one side and 

the parents’ ratings in the home environment on the other side. We performed these 

comparisons twice; at the start and end of active gait rehabilitation. By choosing such 

a design - with different characteristics between the groups of raters, different 
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settings, and two time points to investigate - we wanted to examine whether the 

scores of children’s performance levels of functional mobility are comparable 

between a home and an inpatient setting despite differences in the environment and 

the raters’ background. Furthermore, we wanted to know whether the timespan a 

health professional has worked with an individual child influences the rating. 

With weighted kappa values of 0.69-0.77 for the FAQ and 0.62-0.92 for the FMS, 

interrater agreements between physiotherapists, nurses, and parents were above 

our predefined acceptance level of 0.6 at both time points. Our results indicate that 

functional mobility performance in the inpatient setting and the children’s everyday 

environment seem to correspond well with each other and that all rater groups score 

the FMS and FAQ equally. 

CHAPTER 5 explores the responsiveness and minimally important change (MIC) of 

the FMS and FAQ. For this purpose, we applied a construct-based approach (i.e., 

we examined the correlations between changes over time in FMS/FAQ scores to 

changes over time in standard functional gait measures) and a criterion-based 

approach (i.e., we introduced a 5-point ordinal global rating scale (GRS) to quantify 

the physiotherapists’ perceived change of children’s functional mobility performance 

after inpatient rehabilitation). Both methods are recommended by the COnsensus-

based Standards for the selection of health Measurement INstruments (COSMIN) 

group. In line with these recommendations, we defined a priori hypotheses about the 

expected results. Regarding the construct approach, change scores of the FMS/FAQ 

correlated between 0.54-0.76 with the WeeFIM walking, the other performance 

measure, 0.35-0.49 with capacity measures like the 10MWT, 6MinWT, and GMFM 

E, and 0.57-0.76 with the GRS.  We dichotomized the GRS with the physiotherapists’ 

perceived change of functional mobility performance (unchanged and improved) and 

used it as a criterion to perform receiver operating characteristic (ROC) curves 

analyses. The values of the area under the ROC curves (AUC), which were derived 

from this criterion approach, were above the preset acceptance level of 0.7. 

Exceeding this limit demonstrated the measures’ ability to accurately discriminate 

between children who did or did not improve according to the therapists’ appraisal. 
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Using the GRS, we further obtained a definition of what therapists consider as 

minimally important change. The MIC values indicated a 1-point increase for the 

FMS and a 2-point increase for the FAQ to be clinically meaningful. 

In summary, we have demonstrated in chapters 3 to 5 that the FMS and FAQ are 

valid and reliable tools to assess the functional mobility performance of children with 

neuromotor disorders not only in their everyday home environment but also in the 

inpatient rehabilitation setting. Further, these measures can be used to detect 

changes in functional mobility performance that have occurred during inpatient 

rehabilitation, and thresholds were determined which define whether an observed 

change can be considered clinically meaningful. 

CHAPTER 6 describes the study protocol and presents the theoretical 

considerations of a pragmatic crossover trial on the effectiveness of RAGT on the 

Lokomat compared to usual care. Children aged 6-18 years with bilateral spastic CP 

who could walk at least 14 meters with or without walking device were recruited. 

They were randomized to two different pre-specified sequences of interventions. 

One intervention was RAGT as treatment (T) on the Lokomat in the outpatient setting 

of our rehabilitation center, consisting of three weekly sessions over five weeks. The 

other intervention was usual care as control (C) in the home environment of the child 

(consisting of 1-2 sessions of physiotherapy per week and additional hippotherapy, 

circuit training, and occupational therapy as necessary). A child could be randomized 

to a T/C sequence (TC-group) or a C/T/C sequence (CTC-group). Outcome 

measures included the GMFM E as the primary outcome, and the dimension D 

(standing) of the GMFM-88 (GMFM D), as well as 6MinWT and 10MWT as 

secondary outcomes – assessed before and at the end of each intervention period. 

A sample size calculation indicated a sample size of 30 to be sufficient to detect a 

difference of 3.7%-points in the dimension E-score of the GMFM-88. We increased 

this number to 34 to allow for a dropout rate of about 10% and planned a trial duration 

of four years. 

CHAPTER 7 presents the findings of the pragmatic, randomized, crossover trial 

described in chapter 6 and reflects on the lessons we learned from conducting this 

trial. We stopped the study prematurely after more than eight years and after 16 of 
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the planned 30 patients had finished the protocol. Our results indicated that five 

weeks of RAGT, applied as a standalone therapy intervention, were not superior to 

five weeks of usual care regarding the improvement of walking abilities in ambulatory 

children with spastic CP. Although these results may have been due to the 

underpowered study, the effect sizes of the primary, as well as the secondary 

outcome measures (except for the 6MinWT, which showed a small effect size), do 

not suggest any other conclusion. 

Performing this trial, designed more than nine years ago as explained in chapter 6, 

has taught us a lot from a content-related as well as methodological point of view. 

We had aimed for a pragmatic trial design. However, the choices we made regarding 

the setting and recruitment turned out to be more on the explanatory side, which 

emerged as aggravating factors in the course of the study. Although we also provide 

outpatient therapy in our clinic, the RAGT intervention on the outpatient basis proved 

to be the main reason for our recruitment problems. Most families preferred to 

arrange the RAGT period during their child’s school holidays, to limit the burden on 

their child due to therapy and travel expenses as much as possible. This fact reduced 

the number of participants considerably. Contrary to earlier conventions of 10 years 

ago, when we had planned our study, current clinical recommendations are to embed 

RAGT as an add-on therapy element within an individualized holistic treatment 

package. This approach also reflects the common practice of today’s rehabilitation 

and thus contributes to producing research results that are relevant and applicable 

in practice. Considering performance in everyday life and addressing patients’ 

personal goals when applying outcome measures are further factors to increase the 

relevance of research results for families and health professionals. 

CHAPTER 8 summarizes the main findings, discusses methodological 

considerations, addresses implications for future research and clinical practice, and 

concludes with the main contributions of this thesis. We highlighted the lacking 

evidence on psychometric properties of measures assessing walking abilities in 

children with neuromotor disorders and the general shortage of performance 

measures regarding children’s functional mobility in their daily environment. This 

thesis reduced the gap regarding both of these issues by providing evidence for 
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aspects of validity, reliability, and responsiveness of the German versions of the FMS 

and FAQ in the inpatient setting. Further, we facilitated the interpretation of change 

scores by defining MIC values for both measures. 

As the crossover trial indicated that RAGT on an outpatient basis was not effective 

in improving walking abilities in ambulatory children with CP, evidence on the 

effectiveness of pediatric RAGT is still vague. Because of the small sample sizes, 

heterogeneous patient populations, and special needs, intervention studies in the 

pediatric field remain challenging and ask for innovative research approaches. 
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ZUSAMMENFASSUNG 

Mobilität beschreibt die Fähigkeit, sich in seiner Umgebung leicht und ohne 

Einschränkungen zu bewegen oder bewegt zu werden. Sie ist ein relevanter Faktor 

für körperliche Unabhängigkeit und soziale Teilhabe. Viele Kinder mit erworbenen 

oder angeborenen neuromotorischen Beeinträchtigungen sind mit Restriktionen 

ihrer unabhängigen Mobilität konfrontiert. Hierbei spielen Einschränkungen in ihrer 

Gehfähigkeit eine wichtige Rolle. Ein wesentliches Ziel der neuropädiatrischen 

Rehabilitation ist es daher, die Gehfähigkeit der Kinder positiv zu beeinflussen. 

Diese Arbeit konzentriert sich auf zwei verschiedene Bereiche, die in der 

Rehabilitation trotzdem eng miteinander verknüpft sind: die Messung und das 

Training der funktionellen Gehfähigkeit bei Kindern mit neuromotorischen 

Beeinträchtigungen. 

KAPITEL 1 beschreibt die Bedeutung von Mobilität und inwiefern Mobilität von 

Kindern mit neuromotorischen Störungen beeinträchtigt ist. Mit der Internationalen 

Klassifikation der Funktionsfähigkeit, Behinderung und Gesundheit bei Kindern und 

Jugendlichen (ICF-CY = International Classification of Functioning, Disability and 

Health – Children and Youth version) wird ein international anerkanntes und weit 

verbreitetes Rahmenkonzept eingeführt, das eine ganzheitliche Sichtweise zur 

Dokumentation und Messung des Gesundheits- und Behindertenstatus eines 

Kindes sowie zur Planung oder Bewertung von Interventionen in Klinik und 

Forschung ermöglicht. Zerebralparese (CP = cerebral palsy) - mit einer Inzidenzrate 

von 2-3 pro 1'000 Lebendgeburten eine der häufigsten angeborenen Behinderungen 

- und ihre Auswirkungen auf verschiedene gesundheitliche Dimensionen und 

mögliche sekundäre Beeinträchtigungen werden diskutiert. Das Kapitel befasst sich 

ausserdem mit dem erweiterten und überarbeiteten Gross Motor Function 

Classification System (GMFCS - E&R = expanded and revised), das als 

grundlegender Standard in der klinischen Praxis und Forschung zur Klassifizierung 

der Grobmotorik von Kindern mit CP angesehen werden kann. Der GMFCS - E&R 

basiert auf der Kategorisierung selbstinitiierter Bewegungen mit Schwerpunkt auf 

Sitzen, Gehen und Mobilität auf Rädern. Darüber hinaus gibt das Kapitel einen 
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Einblick in die Interdisziplinarität und den Inhalt der pädiatrischen Neurorehabilitation 

und diskutiert verschiedene Behandlungsansätze, die angewendet werden um die 

Gangfunktion zu beeinflussen. Die Evidenz dieser unterschiedlichen Gang-

Interventionen und deren Umsetzung wird unter besonderer Berücksichtigung des 

robotergestützten Gangtrainings (RAGT = robot-assisted gait training) diskutiert. 

Zusätzlich werden einige Aspekte angesprochen, die bei der Messung der 

Gehfähigkeit berücksichtigt werden sollten: Der Einfluss der Umwelt, der sich in den 

verschiedenen Konstrukten von Performance und Kapazität widerspiegelt, und die 

psychometrischen Eigenschaften von Messinstrumenten, die man abhängig von den 

jeweiligen Messzielen beachten sollte. Das Kapitel endet mit der Gliederung und den 

Zielen dieser Arbeit:  

(1) die Evidenz von Ganginstrumenten und ihren psychometrischen 

Eigenschaften in neuropädiatrischen Populationen zu untersuchen und 

zusammenzufassen. 

(2) Kenntnisse zu gewinnen über die psychometrischen Eigenschaften 

ausgewählter Messinstrumente, die die funktionelle Mobilität in unserer 

stationären Neurorehabilitationspopulation auf Performance-Ebene 

widerspiegeln. 

(3) die Wirksamkeit von RAGT bei Kindern mit CP zu beurteilen. 

KAPITEL 2 untersucht und fasst die Evidenz von Messinstrumenten auf der 

Kapazitäts- und Performance-Ebene mit dem ICF-CY als Rahmenkonzept 

systematisch zusammen und bewertet deren psychometrische Eigenschaften in 

neuropädiatrischen Populationen. Unsere systematische Übersicht gibt einen 

Überblick über die aktuellen Erkenntnisse zu den psychometrischen Eigenschaften 

von 27 Messinstrumenten zur Beurteilung des funktionellen Gehens bei Kindern mit 

neuromotorischen Störungen: CP war die häufigste Diagnose in Studien, die die 

psychometrischen Eigenschaften eines Messinstrumentes untersuchten. Die 

meisten Studien bewerteten Aspekte der Reliabilität. Untersuchungen zu 

Messfehlern und vor allem zur Responsivität waren selten. Die Stichprobengrößen 

der Studien waren im Allgemeinen gering. Unsere Übersichtsarbeit zeigte einen 

erheblichen Evidenzmangel hinsichtlich der psychometrischen Eigenschaften vieler 
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Messinstrumente, die regelmäßig in Forschung und klinischer Praxis eingesetzt 

werden. Darüber hinaus haben sich nur wenige der bewerteten Instrumente mit der 

Performance-Ebene des ICF-CY befasst, obwohl genau diese Messinstrumente den 

Einfluss der Umwelt berücksichtigen würden, dem Kinder im realen Leben 

ausgesetzt sind, was wir für sehr relevant halten. 

Basierend auf den Ergebnissen unserer systematischen Übersichtsarbeit und der 

Unterrepräsentation von Performance-Instrumenten in unserer stationären 

Neurorehabilitation haben wir die Functional Mobility Scale (FMS) und die Functional 

Assessment Questionnaire - Walking Scale (FAQ) ausgewählt, da uns ihre 

Anwendung benutzerfreundlich und für unsere Umgebung praktikabel erschien. 

Beides sind Performance-Instrumente, die sich mit der funktionellen Mobilität im 

täglichen Umfeld befassen. Für den Einsatz in unserem Rehabilitationszentrum 

haben wir die FMS und FAQ ins Deutsche übersetzt und ihre psychometrischen 

Eigenschaften bei Kindern und Jugendlichen mit neuromotorischen Störungen, die 

in unserem Zentrum stationär behandelt wurden, evaluiert. 

KAPITEL 3 berichtet über die Übersetzung und die untersuchte Übereinstimmungs-

Validität dieser beiden Messinstrumente, indem wir sie mit bekannten 

Aktivitätsinstrumenten verglichen, die die Gehfähigkeit von Kindern beurteilen, wie 

z.B. dem Gang-Item des Funktionellen Selbständigkeitsindex für Kinder (WeeFIM 

walking), dem 10-Meter- (10MWT) und 6-Minuten-Gangtest (6MinWT) und der 

Dimension E (Gehen, Rennen, Springen) der Gross Motor Function Measure-88 

(GMFM E). Alle Korrelationskoeffizienten waren moderat bis stark, übertrafen die in 

Hypothesen formulierten Untergrenzen und stimmten gut mit den berichteten Werten 

der englischen Originalversionen überein. Die Korrelationen mit dem WeeFIM 

Walking, der ebenfalls ein Performance-Instrument ist, waren jedoch nicht höher als 

die Korrelationen mit den Kapazitätsinstrumenten. Eine mögliche Erklärung für 

dieses Resultat könnte sein, dass das Umfeld im Rehabilitationszentrum mit seiner 

optimierten Infrastruktur und dem Tagesablauf im stationären Bereich die 

Unterschiede zwischen Gang-Performance und Gang-Kapazität verringert haben 

könnte.  
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Beide Messinstrumente schienen von keinem Boden- oder Deckeneffekt in unserer 

Patientenprobe betroffen zu sein, und keiner der Korrelationskoeffizienten lag über 

0,8. Dies zeigt, dass FMS und FAQ zusätzliche Informationen zur funktionellen 

Mobilität im stationären Bereich lieferten und ein differenzierteres Bild des 

Mobilitätsniveaus der Patienten in den unterschiedlichen Bereichen während des 

stationären Aufenthaltes ermöglichten. Die Erhebung der Performance bietet dabei 

eine sinnvolle Perspektive für das Kind und seine Familie, da die Ergebnisse direkt 

auf das Verhalten des Kindes im Alltag übertragbar sind. 

Unsere Studie erweitert die bereits vorhandene Evidenz betreffend Validität, um die 

funktionelle Mobilität auch im stationären Bereich mittels FMS und FAQ zu 

beurteilen. 

KAPITEL 4 ermittelt die Interrater-Reliabilität der FMS und der FAQ. Wir 

untersuchten verschiedene Variations-Quellen in Bezug auf die Beurteilenden und 

das Umfeld, indem wir die Bewertungen zwischen Pflegefachpersonen und 

Physiotherapeuten in unserer stationären Neurorehabilitation und zwischen diesen 

Gesundheitsfachleuten auf der einen Seite und den Bewertungen der Eltern in der 

häuslichen Umgebung auf der anderen Seite verglichen. Diese Vergleiche führten 

wir zweimal durch: zu Beginn und am Ende der aktiven Gangrehabilitation. Durch 

die Wahl eines solchen Designs wollten wir feststellen, ob die Bewertung der 

funktionellen Mobilität von Kindern zwischen dem Umfeld zu Hause und in der 

stationären Rehabilitation vergleichbar ist - trotz Unterschieden in der Umgebung 

und dem Hintergrund der beurteilenden Personen. Ausserdem wollten wir wissen, 

ob die Zeitspanne, in der eine medizinische Fachperson mit einem einzelnen Kind 

gearbeitet hat, die Bewertung beeinflusst. 

Mit gewichteten Kappa-Werten von 0,69-0,77 für die FAQ und 0,62-0,92 für die FMS 

lagen die Interrater-Übereinstimmungen zwischen Physiotherapeuten, 

Krankenschwestern und Eltern zu beiden Zeitpunkten über unserem definierten 

Akzeptanzgrenzwert von 0,6. Unsere Ergebnisse deuten darauf hin, dass die 

funktionelle Mobilität auf der Performance-Ebene im stationären Bereich und im 

alltäglichen Umfeld der Kinder gut miteinander übereinstimmen und dass die 

verschiedenen Beurteilenden die FMS und die FAQ gleich bewerten. 
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KAPITEL 5 untersucht die Reaktionsfähigkeit und die minimal wichtige Veränderung 

(MIC = minimally important change) der FMS und der FAQ. Zu diesem Zweck 

verwendeten wir zwei verschiedene Ansätze. Einerseits untersuchten wir die 

Korrelationen zwischen den Veränderungen der FMS/FAQ-Scores und den 

Veränderungen in standardmässig angewendeten funktionellen Gangtests 

(Konstrukt-basierter Ansatz), andererseits quantifizierten wir die von den 

Physiotherapeuten wahrgenommene Veränderung der funktionellen Alltags-

Mobilität nach stationärer Rehabilitation der Kinder mittels einer 5-Punkte-Skala 

(GRS = global rating scale; Kriterium-basierter Ansatz). Beide Methoden werden von 

der COSMIN-Gruppe (COnsensus-based Standards for the Selection of health 

Measurement INstruments) empfohlen. Ebenfalls in Übereinstimmung mit diesen 

Empfehlungen definierten wir vorgängig Hypothesen über die zu erwartenden 

Ergebnisse. Die Veränderungen der FMS und der FAQ korrelierten zwischen 0,54-

0,76 mit den Veränderungen des WeeFIM Walking, dem anderen Performance-

Instrument, zwischen 0,35-0,49 mit Kapazitätsinstrumenten wie 10MWT, 6MinWT 

und GMFM E und zwischen 0,57-0,76 mit der GRS. Die dichotomisierte GRS mit der 

von den Physiotherapeuten wahrgenommenen Veränderung der funktionellen 

Alltagsmobilität (unverändert und verbessert) verwendeten wir als Kriterium für die 

Durchführung von ROC-Kurvenanalysen (ROC = Receiver Operating 

Characteristics). Die Werte der Fläche unterhalb der ROC-Kurven (AUC = area 

under the ROC curve), die aus dieser Analyse abgeleitet wurden, lagen über der 

vorgegebenen Akzeptanzgrenze von 0,7. Die Überschreitung dieser Grenze zeigte 

die Fähigkeit der Messinstumente, Kinder, die sich nach Einschätzung der 

Therapeuten verbessert hatten oder nicht, genau zu unterscheiden. 

Mit Hilfe der GRS erhielten wir außerdem eine Definition dessen, was Therapeuten 

als minimal wichtige Veränderung erachten. Die MIC-Werte wiesen darauf hin, dass 

für die FMS ein Anstieg um 1 Punkt und für die FAQ ein Anstieg um 2 Punkte als 

klinisch bedeutsam betrachtet werden kann. 

Zusammenfassend haben wir in den Kapiteln 3 bis 5 gezeigt, dass FMS und FAQ 

valide und zuverlässige Instrumente sind, um die funktionelle Mobilität im Alltag von 

Kindern mit neuromotorischen Störungen nicht nur im heimischen Umfeld, sondern 
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auch in der stationären Rehabilitation zu beurteilen. Darüber hinaus können mit 

diesen Messinstrumenten während der stationären Rehabilitation aufgetretene 

Veränderungen der funktionellen Alltags-Mobilität erkannt werden. Zudem wurden 

Grenzwerte bestimmt, welche definieren, ob eine beobachtete Veränderung als 

klinisch bedeutsam angesehen werden kann. 

KAPITEL 6 beschreibt das Studienprotokoll und stellt die theoretischen 

Überlegungen einer pragmatischen Crossover-Studie zur Wirksamkeit von RAGT 

mit dem Lokomat im Vergleich zu Standardtherapie dar. Es wurden Kinder im Alter 

von 6-18 Jahren mit beidseitig spastischer CP rekrutiert, die mindestens 14 Meter 

mit oder ohne Hilfsmittel gehen konnten. Sie wurden in zwei verschiedene 

vordefinierte Interventionssequenzen randomisiert. Die eine Intervention war 

ambulantes RAGT mit dem Lokomat in unserem Rehabilitationszentrum als 

Behandlung (T = treatment), bestehend aus drei Einheiten pro Woche über fünf 

Wochen. Die andere Intervention war Standardtherapie als Kontrolle (C = control) in 

der häuslichen Umgebung des Kindes (bestehend aus 1-2 Sitzungen Physiotherapie 

pro Woche und zusätzlich Hippotherapie, medizinische Trainingstherapie und 

Ergotherapie nach Bedarf). Ein Kind konnte in eine T/C-Sequenz (TC-Gruppe) oder 

eine C/T/C-Sequenz (CTC-Gruppe) randomisiert werden. Die Ergebnisse umfassten 

die GMFM E als primären Endpunkt und die Dimension D (Stehen) der GMFM-88 

(GMFM D) sowie 6MinWT und 10MWT als sekundäre Messinstrumente - bewertet 

jeweils vor und am Ende jedes Interventionszeitraumes. Eine 

Stichprobenberechnung ergab eine Stichprobengröße von 30, die ausreicht, um eine 

Differenz von 3,7%-Punkten in der GMFM E zu ermitteln. Wir erhöhten diese Zahl 

auf 34, um eine Abbruchsquote von etwa 10% zu ermöglichen, und planten mit einer 

Studiendauer von vier Jahren. 

KAPITEL 7 präsentiert die Ergebnisse der in Kapitel 6 beschriebenen 

pragmatischen, randomisierten Crossover-Studie und reflektiert die Lehren, die wir 

aus der Durchführung dieser Studie gezogen haben. Wir haben die Studie nach 

mehr als acht Jahren vorzeitig abgebrochen, nachdem 16 der geplanten 30 

Patienten das Protokoll abgeschlossen hatten. Unsere Ergebnisse zeigten, dass fünf 

Wochen RAGT, als eigenständige Therapie-Intervention angewendet, nicht 
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wirksamer waren zur Verbesserung der Gehfähigkeit bei gehfähigen Kindern mit 

spastischer CP als fünf Wochen Standardtherapie. Obwohl diese Ergebnisse 

möglicherweise auf die zu schwache Fallzahl zurückzuführen sind, lassen auch die 

Effektgrößen der primären sowie der sekundären Endpunkte (mit Ausnahme des 

6MinWT, welcher eine geringe Effektgröße zeigte) keine andere Schlussfolgerung 

zu. 

Die Durchführung dieser Studie, die, wie in Kapitel 6 erläutert, vor mehr als neun 

Jahren konzipiert wurde, hat uns sowohl inhaltlich als auch methodisch viel gelehrt. 

Wir hatten ein pragmatisches Versuchsdesign angestrebt. Es zeigte sich jedoch, 

dass die Entscheidungen, die wir bezüglich Umfeld und Rekrutierung getroffen 

hatten, eher auf der explanatorischen Seite lagen, was sich im Laufe der Studie als 

erschwerender Faktor herausstellte. Obwohl wir in unserer Klinik auch ambulante 

Therapie anbieten, erwies sich die ambulante RAGT-Intervention als Hauptgrund für 

unsere Rekrutierungsprobleme. Die meisten Familien zogen es vor, die RAGT-

Periode während der Schulferien ihres Kindes zu vereinbaren, um die auf das Kind 

wirkende Belastung durch Therapie und Reiseaufwand so gering wie möglich zu 

halten. Diese Tatsache reduzierte die Teilnehmerzahl erheblich. Entgegen den zum 

Zeitpunkt der Studienplanung geltenden Konventionen von vor 10 Jahren sind die 

aktuellen klinischen Empfehlungen, RAGT als zusätzliches Therapieelement in ein 

individuelles ganzheitliches Behandlungspaket einzubetten. Dieser Ansatz spiegelt 

auch die gängige Praxis der heutigen Rehabilitation wider und trägt so zu 

praxisrelevanten und anwendbaren Forschungsergebnissen bei. Die 

Berücksichtigung des Verhaltens im Alltag und der persönlichen Ziele der Patienten 

bei der Auswahl von Messinstrumenten sind weitere Faktoren, die die Relevanz von 

Forschungsergebnissen sowohl für Familien als auch für medizinisches 

Fachpersonal erhöhen. 

KAPITEL 8 fasst die wichtigsten Ergebnisse zusammen, diskutiert methodische 

Überlegungen, befasst sich mit den Implikationen für zukünftige Forschung und 

klinische Praxis und schließt mit den wichtigsten Beiträgen dieser Arbeit ab. Wir 

haben die fehlende Evidenz betreffend der psychometrischen Eigenschaften von 

Messinstrumenten zur Beurteilung der Gehfähigkeit von Kindern mit 
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neuromotorischen Beeinträchtigungen und den allgemeinen Mangel an 

Messinstrumenten, welche die funktionelle Mobilität von Kindern in ihrer 

Alltagsumgebung auf der Performance-Ebene erheben, hervorgehoben. Diese 

Doktorarbeit reduzierte die Lücke in diesen beiden Bereichen, indem sie Aspekte 

der Validität, Reliabilität und Responsivität der deutschen Versionen der FMS und 

der FAQ im stationären Bereich nachwies. Darüber hinaus haben wir durch das 

Definieren von MIC-Werten für beide Instrumente die Interpretation von erfassten 

Veränderungen erleichtert. 

Da die Crossover-Studie zeigte, dass RAGT auf ambulanter Basis die Gehfähigkeit 

bei gehfähigen Kindern mit CP nicht verbessert, bleibt die Evidenz für die 

Wirksamkeit von pädiatrischer RAGT vage. Aufgrund der geringen 

Stichprobengröße, der heterogenen Patientenpopulationen und der besonderen 

Bedürfnisse bleiben Interventionsstudien im pädiatrischen Bereich anspruchsvoll 

und verlangen nach innovativen Forschungsansätzen. 
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VALORISATION 

INTRODUCTION 

The term valorisation refers to the economic and societal impact that is created 

through the transfer of scientific knowledge. It is related to the term innovation, which 

describes the process of translating an idea or invention into a product or process 

that creates value. Thus, innovation only applies if an invention is put into practice. 

Similarly, researchers should strive to make scientific knowledge available to other 

organizations, interest groups or the general public. The valorisation addendum 

summarizes the societal and economic value of this dissertation besides the 

scientific aspects described in the previous chapters.   

RELEVANCE 

Mobility has become a buzzword in today’s world. It is considered a prerequisite for 

a modern lifestyle. Mobility helps people to react quickly and flexibly and to move 

from one place to another without much effort. Being mobile is a requirement for 

achieving a goal, accomplishing something, finding one's way in life, and being worth 

something. With that, mobility is a significant criterion for human well-being. 

Many children with neuromotor disorders are restricted in their independent mobility, 

which limits their possibilities to explore their environment actively and to interact 

with peers. Among the families concerned, their children’s ability to walk is of 

particular importance. A vital part of rehabilitation is, therefore, to find the most 

effective interventions possible that have a positive impact on these walking abilities. 

By investigating the effectiveness of robot-assisted gait training (RAGT) in children 

with cerebral palsy, this dissertation has addressed one aspect from the wide range 

in this field. 

Rehabilitation should further aim to enable children and their families to participate 

in society regardless of the children’s mobility restrictions. It is, therefore, not enough 

to focus on improving walking capacity in the rehabilitation of gait disorders. To be 

precise, we need information that reflects children's mobility behavior in their 

everyday environment and should then address these individual circumstances in 
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the rehabilitation process. With the Functional Mobility Scale (FMS) and the Gillette 

Functional Assessment Questionnaire – walking scale (FAQ), this dissertation 

provides two instruments for German-speaking countries, which allow obtaining 

specific information on the status and changes of children’s everyday life mobility. 

TARGET GROUP 

The framework of this dissertation - both of the measuring and the training part - was 

designed from the very beginning to be relevant for everyday practice. Thus, many 

different stakeholders can benefit from the results in one way or another. 

The knowledge gained from the measurement part of the thesis is expected to 

contribute to a reliable and valid measurement battery for centers like ours. Thanks 

to the systematic review, clinicians now have a detailed overview of all commonly 

used measurement instruments and their psychometric properties for the evaluation 

of gait function in children with neuromotor disorders. They can use this information 

as a decision-making basis to decide which instruments are most appropriate for 

their specific purposes. With the FMS and FAQ, various disciplines of healthcare 

professionals such as physical and sports therapists, nurses, and medical doctors 

have access to additional measurement instruments to evaluate the progress or their 

patients’ walking abilities. The provided tools are particularly valuable as they reflect 

the children’s mobility in everyday life and thus take into account the barriers and 

facilitators of their surrounding environment. Furthermore, they are easy and quick 

to use, which makes them ideal for everyday clinical use, where time resources are 

becoming increasingly scarce. 

By reflecting children’s walking abilities in their usual environment, the perspective 

of the two measurement instruments is particularly meaningful for the child and their 

families, as the ratings refer directly to everyday life. Another noteworthy aspect is 

that the measures enable a common language between parents and healthcare 

providers, which further empowers the parent’s position in the healthcare system. In 

fact, the psychometric studies were themselves a factor that made children and their 

parents feel taken seriously as their usual environment and the parents’ rating was 

decisive and thus highly valued. Moreover, many parents highly appreciated that 
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they were contacted again by phone after the discharge of their child from the 

rehabilitation center. 

While those mentioned above are the main stakeholders, the FMS and FAQ can also 

provide a more holistic view by considering the social and physical environment of 

the child regarding the communication with the health insurance companies when 

demonstrating the effectiveness of gait interventions. Furthermore, the instruments 

could also be implemented in various registries, such as the newly established Swiss 

cerebral palsy registry (www.swiss-cp-reg.ch).   

Considering the training part of the dissertation, we discussed that a more holistic 

approach based on the International Classification of Functioning, Disability and 

Health (ICF), where RAGT is integrated into a whole treatment package, monitored 

by a sound measurement battery, is becoming more and more critical. Results of 

this thesis are supporting in finding an orientation for an improved basis for decision-

making regarding optimal treatment for children and youth. This knowledge is not 

only of value for health care providers and health insurance companies but also 

meaningful for children with neuromotor disorders and their families. RAGT on the 

Lokomat requires a considerable effort from the child and their families regarding 

organization and time resources, as well as clarifying whether the health insurances 

will meet the costs. Gait training can take a smaller or more substantial part in 

rehabilitation, and RAGT can, but does not have to, be a part of it – depending on 

the individual needs and wishes of the children and their parents. Hopefully, our 

findings will remind families of the importance to carefully observe their child's 

progress and not merely blindly trust in the benefits of modern technologies. Besides, 

it was interesting to see how parents appreciated that interventions given to their 

child were questioned and scientifically examined. For this fact, they were also more 

than willing to invest the additional time required.  

ACTIVITIES, PRODUCTS, INNOVATION 

Before this dissertation, the FMS and FAQ were not yet available in German. 

Moreover, these two instruments reflect children’s walking abilities in everyday life, 

which involves the influence of various environments that the children are exposed 
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to in real life. This perspective – although particularly meaningful for the child and 

their family - is underrepresented in practice and research compared to the 

assessment of children’s maximal walking capacity under standardized conditions. 

Finally, the FMS and FAQ are now some of the few pediatric functional mobility 

instruments with information on all their measurement properties, namely with 

positive evidence on their validity, interrater reliability, and responsiveness, and are 

easy and practical in use. Thus, clinicians and researchers can confidently apply 

both tools for the evaluation of children’s walking abilities in everyday life. 

RAGT with the Lokomat was implemented in our rehabilitation center more than ten 

years ago and is applied within our neuropediatric treatment regime in the out- as 

well as inpatient setting. Our outpatient program currently includes 20 RAGT 

sessions spread over 4-7 weeks, optionally accompanied by physiotherapy and 

sports lessons in the child’s home setting. A comparable amount and intensity of 

sessions did not result in a measurable change in our intervention study that was 

part of this dissertation. These findings will therefore inevitably have to lead to a 

modification in the content of our RAGT outpatient program. The outpatient approach 

must be more oriented towards our 4-5 week-inpatient program, which already aims 

at gait training as a holistic package across all ICF dimensions with the aid of various 

therapeutic approaches. In a further step, the characteristics of the group to whom 

outpatient RAGT is recommended could be reconsidered to find those children that 

respond positively to this therapy method. Finally, an optimal assessment battery 

has to be assembled which allows recording the resulting changes at all ICF levels. 

As our center is one of the leading centers regarding robotic training in children, 

adaptations in our program will be noticed worldwide. 

SCHEDULE AND IMPLEMENTATION 

After the studies of this dissertation demonstrated positive evidence of their 

psychometric properties, the German FMS and FAQ have been implemented in the 

standard gait assessment of children performing RAGT on the Lokomat during their 

inpatient rehabilitation stay in our center. Additionally, they are becoming applied 

routinely in children undergoing a clinical 3-dimensional gait analysis in our gait 



 VALORISATION 207 
 

laboratory. Furthermore, the physiotherapy team of our center has been instructed 

and trained in the use of the two instruments and has now started to rate functional 

mobility with the FMS and FAQ in their inpatients. 

The proposed changes regarding the holistic RAGT outpatient approach need to be 

discussed with different stakeholders involved, including therapists responsible for 

RAGT in our clinic, rehabilitation physicians and most important the families to get 

their opinions and feedback about the feasibility. The impact of a modified approach 

should also be monitored to document changes carefully. This scientific support is 

imperative to have the health insurance companies on board as well to ensure 

coverage of the costs of this program, which should be based on the currently 

available best evidence. To minimize the risk of a noticeable improvement not being 

recognized at group level in a clinical trial, alternative pragmatic research designs 

that are suitable in this population, such as n-of-1 trials, single case methodology 

designs or observational designs could be viable options to be considered and 

explored in future research. 

TRANSFER OF KNOWLEDGE 

Besides the instruction of our physiotherapists and the implementation of the 

instruments in our center, we aim for as wide a distribution as possible of the German 

FMS and FAQ in the German-speaking part of Switzerland as well as later on also 

in other German-speaking countries. For this purpose, we already approached and 

will further contact relevant organizations in Switzerland. These are for example 

persons responsible for the training of physiotherapy students in the field of 

pediatrics and the master's degree in pediatric physiotherapy, therapy teams of other 

children’s hospitals and schools for physically and multi-disabled children in the 

German-speaking part of Switzerland. We also offer interested organizations the 

opportunity to present the instruments and their application to the interested teams 

at their sites. The aim is to inform them about the German versions of these two 

instruments and to promote their implementation in clinical practice. Furthermore, 

we provide the tools on our website free of charge 

(www.kispi.uzh.ch/rza/de/forschende/publikationen/downloads). Additionally, we 

http://www.kispi.uzh.ch/rza/de/forschende/publikationen/downloads
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disseminated the results of our studies and distributed free copies of the German 

FMS and FAQ to interested people at various scientific conferences. 

Related to the instruments’ implementation in our rehabilitation center, an FMS and 

FAQ rating by the parents at their child’s admission to the inpatient stay would be a 

medium-term vision to promote the common language between parents and 

healthcare providers and to largely underpin the perspective of parents in therapy 

goals and planning. Further medium-term goals are to implement the inclusion of 

FMS and FAQ into registries and other databases relating to pediatric neuromotor 

disorders to provide also information on children’s motor performance at this level.   
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