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Fysioterapi til for tidlig fødte barn  

Måleredskap for vurdering av motorisk funksjon i spedbarnsalderen og en randomisert 

kontrollert studie av tidlig intervensjon for å optimalisere motorisk funksjon  

 

Sammendrag 

Barn som er født for tidlig er i risiko for en rekke senskader, for eksempel motoriske vansker 

og cerebral parese. I Norge blir barn som er født før 28. svangerskapsuke eller med fødselsvekt 

under 1000 gram rutinemessig henvist til fysioterapi. For å kunne skille mellom barn med 

normal motorisk utvikling og de som har motoriske vansker, og for å kunne rette oppfølgingen 

mot de med størst behov for tidlig intervensjon, trenger vi reliable og valide måleredskap. Målet 

med de to første artiklene i avhandlingen var å undersøke ulike egenskaper ved to måleredskap 

for barn under fem måneder. Den tredje artikkelen er fra en multisenter randomisert kontrollert 

studie, der foreldre gjennomførte intervensjon av sine barn før termin-alder. Målet var å 

undersøke effekten av intervensjonen ved å sammenligne endringen i motorisk funksjon etter 

en tre-ukers periode, mellom barn i en intervensjonsgruppe og en kontrollgruppe.  

I den første artikkelen ble test-retest reliabilitet av testen “Test of Infant Motor Performance 

Screening Items” undersøkt. Testen ble gjentatt to ganger på barn i høy til moderat risiko for 

motoriske vansker og vi fant stor grad av samsvar mellom testresultatet på de to 

testtidspunktene.   

Spedbarns spontane bevegelser, også kalt “general movements” (GMs), kan indikere normal 

eller avvikende utvikling. I den andre artikkelen ble validiteten mellom en detaljanalyse og en 

global analyse av GMs vurdert. Vi fant god korrelasjon ved termin-alder og de første ukene 

etter termin i en liten gruppe for tidlig fødte barn uten hjerneskade. Men detaljanalysen kunne 

ikke predikere om barnet hadde normal eller avvikende motorisk funksjon ved tre måneder 

korrigert alder.  

Den tredje artikkelen omhandlet 150 barn født før 33. svangerskapsuke som ble randomisert til 

tidlig intervensjon eller til en kontrollgruppe. I intervensjonsgruppen var det foreldrene som 

gjennomførte intervensjonen, noe som anbefales når det gjelder tidlig intervensjon. Etter 3 uker 

var det en liten, men tydelig forskjell i endring i motorisk funksjon mellom barn som hadde fått 

intervensjon og barn i kontrollgruppen. Barna følges med motoriske vurderinger fram til de er 

to år korrigert alder. Vi kan da konkludere om intervensjonen har hatt en langtids effekt, og om 

mulig gi anbefalinger angående tidlig fysioterapi til barn i risiko for senskader.  
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Summary 

 

Infants born preterm are at risk for a variety of neurodevelopmental difficulties, for example 

motor impairments, the most severe being cerebral palsy. In Norway, infants born before 28 

weeks postmenstrual age (PMA) and/or infants with birth weight less than 1000 grams will be 

referred to early physiotherapy. To distinguish between infants with typical and atypical motor 

development, and to address the follow-up towards infants and parents who might gain most 

from early intervention, we need measurement tools that are reliable and valid. The aims of the 

two first papers in my thesis were to examine different aspects of reliability and validity in two 

measurement tools for use in infancy. The third paper was from a multi-centre randomised 

controlled trial (RCT) of early parent-administrated physiotherapy, before infants’ term age. 

The aim was to investigate the short-term effect of early intervention and to compare the change 

in motor function from baseline to post-intervention between the intervention and the control 

group. 

The first paper, the test-retest reliability study, showed that the Test of Infant Motor 

Performance Screening Items is a reliable test when performed on a group of infants with high 

to moderate risk for motor impairments.  

The infants’ spontaneous movements, the general movements (GMs), are indicators of 

neurodevelopment. In the second paper we found a good correlation between a detailed and a 

global assessment of GMs at term and early post-term age, in a small group of very low birth 

weight infants without severe brain lesions. However, the detailed assessment could not predict 

motor function at three months corrected age.  

In the last paper, Paper III, 150 infants born before 33 weeks PMA were randomised either to 

an intervention or to a control group. The intervention was parent-administrated, which is the 

preferred and most recommended approach when conducting early intervention. We 
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documented a small but significant difference in motor function in favour of the intervention 

group as compared to controls after three weeks of intervention. The end-point of the RCT is 

motor function at two years corrected age. We will then assess the long-term outcome of the 

intervention, and may be able to give further recommendation concerning early physiotherapy 

for infant at risk for adverse development.  
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1. Introduction 

The numbers of infants surviving preterm birth has increased in recent decades, due to advances 

in medicine.1 But the long-term negative consequences of being born preterm increase with 

decreasing gestational age (GA).1-4 Mild or severe motor impairments, such as cerebral palsy, 

are among long-term neurodevelopmental problems of being born at an early GA.3, 5, 6 

According to the national guidelines in Norway, all infants born before week 28 GA or with 

birth weight below 1000 grams should be included in multidisciplinary follow-up programs.7 

Many of these infants are referred to physiotherapy for assessment of motor development and 

early intervention. The most frequent used tools for assessing motor function during the preterm 

to early post-term age are the Test of Infant Motor Performance (TIMP) and the general 

movement assessments (GMA).8, 9 But evidenced-based knowledge about early intervention is 

sparse.10, 11 For instance, it is not known which of these infants would benefit most from early 

intervention, and it is not known at what age and what type of interventions are best suited to 

optimise motor development.  

The topics of this thesis are examinations of the above mentioned measurement tools, and an 

early intervention program for infants born preterm. The thesis comprises one test-retest 

reliability study of the Test of Infant Motor Performance Screening Items (TIMPSI) and one 

study assessing the validity of a detailed versus a global GMA in infants born preterm. The 

TIMPSI and GMA will be described in the Background section. The third paper is from a multi-

centre pragmatic randomised controlled trial (RCT) reporting outcome immediately after early 

parent-administrated physiotherapy in a group of infants born preterm.  
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2. Background 

This chapter comprises a description of the theoretical framework, definitions, frequencies and 

aspects of preterm birth, description of development of the central nervous system, definition 

of motor development and motor function, theories of motor development and measurement 

tools for assessing motor function in infancy. Then, there is a short description of neonatal 

complications and the consequences of being born preterm, with focus on motor impairments. 

Finally, there is an overview of evidence-based knowledge about the effect of early intervention 

and the effect of early intervention on optimising motor development during the first year of 

life. The role of parents in administrating early intervention is also described. 

 

2.1 Theoretical framework  

The International Classification of Functioning, Disability and Health for Children and Youth 

(ICF-CY) of the World Health Organization (WHO) is a framework to describe health and 

health-related status in children and youth.12 It is derived from, and compatible with, the 

International Classification of Functioning, Disability and Health (ICF) and is designed to 

record the characteristics of the developing child and the influence of the child’s environment. 

Development in ICF-CY is described as a dynamic process in which the child’s functioning is 

dependent on continuous interactions with the family or other caregivers in a close, social 

environment. Thus, the functioning of the child cannot be seen in isolation, but in the context 

of the family. The classification system is divided into two parts, each with two components. 

 1) Functioning and disability;  

a) body functions and structures; defined as physiological functions of body systems 

and anatomical parts of the body. 
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b) activities and participation; defined as execution of a task or action by an individual 

and involvement in a life situation. 

2) Contextual factors;  

c) environmental factors; the physical and social environment in 

which people live and conduct their lives. 

d) personal factors; features of the individual that are not part of the health condition, 

for instance gender, age, lifestyle, race, social background, education, overall 

behavioural patterns etc.  

The different components of ICF are seen in Figure 2. The bidirectional arrows indicate 

interactions and influences between the components of the model. The ICF-CY sets the 

framework for this thesis.  

 

 

Figure 2. International classification of functioning, disability and health.12 
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2.2 Preterm birth 

Preterm birth is defined as birth before week 37 GA.13 Gestational age is calculated from the 

first day of the woman’s last menstrual period.13 Birth before week 32 GA is defined as very 

preterm birth and before week 28 GA as extremely preterm birth.13 These sub classifications of 

preterm birth can be important because there is an increase in mortality and morbidity by 

decreasing GA.13, 14 In this thesis I have also used the terms postmenstrual age (PMA: the age 

of the infant calculated from the first day of the woman’s last menstrual period), corrected age 

(CA: the age of the infant calculated from estimated term age), very low birth weight (VLBW: 

birth weight ≤ 1500) and small for gestational age (SGA: birth weight below the 10th centile, 

adjusted for GA, sex and parity15). Table 1 gives the definition of preterm birth in weeks of 

pregnancy. 

 

Table 1. Overview of definitions and variable cut-offs values for pregnancy and preterm birth, 

adapted from Blencowe.13 

 

Global percentage of preterm birth in 2010, based on 184 countries, was 11.1%, ranging from 

5% in some European countries to 18% in some African countries.13 Of these, 10.4% were 

classified as born very preterm and 5.2% as born extremely preterm. In Norway, 7.5% of the 
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infants born between 1999 to 2004 were born preterm (4400 infants yearly), of these 11% (467 

infants) were born from week 28 to 32 GA and 5% (212 infants) below week 28 GA.7  

An infant born preterm might suffer from various neonatal complications due to immaturity 

and exposure to stressors from the environment. The developing brain is especially vulnerable 

to lesion. Common lesions include intra ventricular haemorrhage (IVH), white matter damage 

(periventricular leucomalacia: PVL) and encephalopathy of prematurity (PVL accompanied by 

neuronal/axonal disease).16, 17 The consequences might be combinations of destructive 

mechanisms and developmental delays.  

In a national register study on neonatal data from the United States, comprising 9575 infants of 

extremely low GA and VLBW born between 2003 and 2007, 64% had normal cranial 

ultrasound within 28 days after birth. Sixteen per cent had grade 1 or 2 IVH and 16% grade 3 

or 4, PVL was observed in 3% of the infants.18 Rates of abnormal ultrasound findings decreased 

with increasing GA. Other frequent morbidities were infection, necrotizing enterocolitis, 

bronchopulmonary dysplasia (BPD), retinopathy of prematurity (ROP) and sepsis. Infants at 

the lowest GA were at the highest risk for different morbidities. Overall, 93% of the infants 

experienced respiratory distress, of these 68% were in need of oxygen therapy for more than 28 

days and thus received a diagnosis of BPD.18 

Another factor that might influence development is the environment the infants born preterm 

experience the first weeks of life compared to term-born infants. In the Neonatal Intensive Care 

Units (NICUs) the infants are exposed to environmental stress, which might further influence 

the development negatively.19 The infants are in danger of over-stimulation from a busy 

environment and from painful medical procedures. Non-optimal parent-infant interactions 

might also be a stressor, and the infant’s poorly organised behaviour might suppress optimal 

parental responses necessary to facilitate infant recovery.19  
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Amongst the long-term consequences of being born preterm are motor disorders, cognitive 

difficulties, sensory impairments, epilepsy and behavioural, emotional or social problems.1, 2, 4, 

16, 20, 21 In the VLBW group the morbidity of any of these deficits listed above is reported to be 

from 25 to 50%, whereas 5 to 10% might be classified with cerebral palsy (CP).16 In a 

population-based prospective cohort study of infants born extremely preterm in Sweden 

between 2004 and 2007, 27% had moderate to severe disabilities when assessed at two and a 

half years CA.2 Furthermore, a cohort study from New Zealand of 105 infants born very preterm 

and 107 matched controls, found that only 40% of children born before week 33 GA were free 

of any impairments compared to 74% of full term children at four years.20 In Norway, a large 

cohort study of infants born between 1967 and 1983, found increased likelihood of receiving 

disability pension or social security benefits, not completing high school, having low income 

and not finding a life partner with decreasing GA.1   

To understand this vulnerability of infants born preterm the next chapter contain an overview 

of the development of the central nervous system (CNS). 

 

2.3 Development of the central nervous system 

Development of the CNS is characterised by age-dependent ontogenetic events continuing into 

adulthood, but the most important cerebral pathways are formed during the preterm- and 

neonatal periods.22 In the thesis, I will primarily focus on CNS development from 24 to 37 

weeks postmenstrual age (PMA) and the first year of life. In Figure 1 a timeline of major events 

in CNS development is given. 
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Figure 1. Timeline of major events in CNS development, adapted from Tau & Peterson.23 

 

After the peak period of neuronal proliferation, millions of nerve cells move from their sites of 

origin in the ventricular and sub-ventricular zone to their permanent locations, a period of 

neuronal migration.24  

The major site of formation of synapses (synaptogenesis) is in the temporary structure of the 

subplate zone, situated between the developing cortical plate and the periventricular white 

matter.10, 22 The subplate zone also serves as a waiting area from which cortical afferent fibres 

relocate into the cortical plate, thus the subplate neurons play a role in the fine-tuning of cortical 

connectivity.24, 25 From being four times thicker than the cortical plate, the subplate zone 

gradually disappears through a programmed cell death, apoptosis, during the perinatal and early 

postnatal periods.10, 22, 26  

During the third prenatal trimester and the first year of life synaptic connections increase and 

there is an acceleration in dendritic development. Maximum dendrite density reaches its peak 

at different ages in different cortical regions.27 The increase of dendrite density, the 

synaptogenesis and the apoptosis continue until term age in motor areas and in sensory areas 

until 44 weeks PMA.28 Approximately 40% of synapses are subsequently eliminated.24 
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Experiments in rats indicate that being in an enriched environment during this period might 

reduce apoptosis.28  

Also the growth and retractions of axons are assumed to be activity driven and use dependent 

as indicated in studies of children with congenital hemiplegia.10, 29 During normal CNS 

development the corticospinal projections in the spinal cord are reorganised from bilateral to 

mainly contralateral.10 In children having suffered a unilateral perinatal brain injury, increased 

ipsilateral corticospinal projection from non-infarcted areas and withdrawal of surviving 

contralateral projections from the damaged area, is seen.30 Infants born preterm are especially 

vulnerable to damage of the CNS, especially in the periventricular area (the white matter area) 

because of the extensive synaptogenesis and axonal growth.22 

Furthermore, myelination and glia cells production is important for the CNS development. Glia 

cell production comprises the development of the oligodendrocytes involved in myelination, 

which is the acquisition of myelin membrane around the axons.10, 24 The myelination period 

begins in the second prenatal trimester and continues into adult life. The infant’s most 

vulnerable period for myelination, caused by for example malnutrition or hypoxia, is from about 

the seventh intrauterine month to the first few months post-term age.31  

The age for critical periods of cortical plasticity varies between different systems such as the 

visual, auditory, tactile, and motor systems.27 Critical periods of cortical plasticity can be 

defined as periods in which development of a cortical function are strongly dependent and 

shaped by experience and environmental stimuli.32 A sensitive period on the other hand is a 

period of time when the infants are more receptive to environmental stimuli than later in life.27 

Especially the last trimester of pregnancy and the first year of life is considered to be a sensitive 

period for motor development, as it is a period of rapid changes including neuronal proliferation 
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and migration, myelination, synapse formation and development of corticospinal fibres 

connections with spinal motor neurons.16, 27, 33   

Many of the developmental events in CNS are activity dependent and the development of CNS 

should be considered the result of complex interaction between genes and social and physical 

environment.32 From this, the parents play a key role in creating opportunities for the young 

infants to be active and interact with his environment. Since the first year of life is considered 

to be a sensitive period for motor development, early intervention should be especially efficient 

during this period.27  

 

2.4 Motor development and motor function 

Motor development can be described as change in a person’s motor function as a result of 

growth, maturation and experience throughout the life-span, based on interaction between the 

person, the task and the environment.34-36 In assessing infants’ motor development, stages or 

milestones of development is the focus, for example movements up against gravity, upright 

head control, or sitting or standing. The infant’s motor development is often assessed according 

to age norms.37  

The term motor function is an umbrella term covering motor performance and motor capacity. 

Capacity describes the child’s ability to execute a specific task, while motor performance is 

what the child does in daily life in his current environment, including a social context.12 Motor 

performance belongs to the participation component of the ICF-CY model. Function is 

described as being goal directed and with a definite purpose.37 Thus the motor function of a 

child cannot be seen in isolation but rather as a result of interaction between the child and his 
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environment.12 Both the term motor function and the term motor performance are used in the 

thesis when describing measurement tools and intervention.  

2.4.1 Theories of motor development 

The Neural-Maturationist Theories were the prevailing theories of motor development up till 

1980 – 1990.38 These theories suggested that motor development was based on increasing 

cortical control over lower reflexes and that experience and environmental influence played a 

very small part.  Maturation led to an unfolding of predetermined patterns, supported but not 

altered by the environment.37 The assessment of developmental milestones was important in 

detecting delay.  

The Dynamic Systems Theory, in which motor development is considered a product of 

interactions between many self-organising systems, followed the Neural-Maturationist 

Theories.38 Some of these self-organising systems were body weight, muscle strength, joint 

configuration, the infant’s mood, the CNS, and the environmental conditions. Thelen, in the 

1990’s, was among the first to apply the principles of dynamic systems to explain motor 

development and the influence of environmental conditions.39 According to the Dynamic 

Systems Theory, motor progress can be modified by environmental manipulation, but the 

influence of the CNS is equally important as the other self-organising systems. 

A third theory, the Neuronal Group Selection Theory (NGST) described by Edelmann in 1993, 

combines the ‘nature’ part of the Neural-Maturationist Theories with the ‘nurture’ part of the 

Dynamic Systems.38, 40 According to this theory, development starts with primary neuronal 

repertoires determined by evolution, where each repertoire consists of multiple neuronal 

groups. On the basis of afferent information produced by behaviour and experience there are 

modifications in the strength of the synaptic connections within and between neuronal groups, 
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resulting in variable secondary repertoires allowing for situation-specific selections of neuronal 

groups. During the phase of primary neuronal repertoires motor activity is variable and not 

tuned into environmental conditions. The variable motor activities give rise to variable afferent 

information, which in turn is used to select a ‘pragmatic’ neuronal group. A variable movement 

repertoire is created for each specific situation. Mature movements are adapted exactly and 

efficiently to task-specific conditions, or a repertoire of motor solutions for a single motor task 

can be generated.38 

Another theoretical model which explains a child’s development through interaction between 

nature and nurture, is the transactional model.41 This model highlights the plastic character of 

both the environment and the individual. Development is seen as a product of continuous 

bidirectional interactions between the individual and his environment over time provided by his 

social settings. 

Based on knowledge about CNS plasticity and development, many clinicians and researchers 

argue that it is important to make early detection of infants who might be in need of early 

intervention to optimise development.27, 42 In addition to neurological examinations, 

ultrasonography and MRI, different tools to discriminate between infants with typical and 

atypical motor development have been developed.  

2.4.2 Principles of measurement  

A definition of measurement is “the process of assigning numerals to variables to represent 

quantities of characteristics according to certain rules”.43 p.63 Its purpose is to describe 

phenomena and relationships between phenomena or to demonstrate changes as precisely as 

possible. 
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Assessment based on measurement tools can either be used to discriminate between persons, to 

predict the relationship between variables, for decision making or for evaluating response to a 

treatment.43 Therefore measurement tools for different purposes have been developed, for 

instance tools to discriminate between typically and atypically developing infants, tools to 

predict long-term adverse motor development or tools to evaluate changes with respect to 

intervention.  

The usefulness of the measurement tools depends on their measurement properties; the tool 

should be reliable and valid for its purpose. Reliability is the extent to which a measurement is 

consistent and free from errors, whereas validity is whether the tool measures what it is intend 

to measure.44 If the purpose of the measurement tool is to evaluate changes, the responsiveness, 

which is the ability to measure a meaningful or a clinically important change, is also essential.44 

Some measurement tools are criterion-referenced where a minimum criteria or competence is 

set to pass an item.45 Other tools are norm-referenced, designed to determine how an individual 

performs in comparison to a reference group, usually based on average scores.43 The 

measurement tools need to be standardised, containing a documented set of procedures for 

administering and scoring, to be sure that all infants are assessed under the same conditions.45  

There is a range of measurement tools for assessing different aspects of infants’ and children’s 

neuro-motor development. In the thesis I will focus on measurement tools developed for 

assessing motor development or motor function during the first year of life.46, 47 Neurological 

examinations and tools designed for assessing the infant’s behavioural state, social, attentional 

and autonomic responses are not included in the following overview. 
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2.4.3 Measurement tools for assessing motor function during the first years of life 

The theoretical construct of measurement tools for assessing motor function varies. Some tools 

involve observation of the infant’s posture and spontaneous movements and others include 

handling of the infant to elicit responses.45, 47 Moreover, the clinical utility of the tools is 

important, for example if the tool is suitable for use in the NICU, for assessing fragile and 

unstable infants, or for use during the first months of life.47 To target early interventions towards 

those at highest risk and to prevent unnecessary intervention for those who are unlikely to have 

motor impairments, it is important to discriminate between infants with typical and atypical 

motor function. For diagnostic purposes, the measurement tool also needs to be predictive of 

long-term outcome.43 Furthermore, it is a strength if the tool can be used longitudinally, to build 

a trajectory of the infant’s development. This will give information about maturation or in some 

cases, regression of development, recovery from injury as well as the possible effects of 

intervention.45, 47 In Table 2 an overview of measurement tools for assessing motor function 

during the first year of life and at preschool- and school age is given.  

Systematic reviews have found that the most reliable and valid instruments to discriminate 

between typically and atypically developing infants during the first months of life are the TIMP8 

and GMA.9, 45, 47 The clinical utility of these tools is excellent and both tools, used at three 

months CA, are predictive of motor developmental impairments, especially if used 

longitudinally.45-47 They are the only tools appropriate for use before term. Both TIMP and 

GMA are described in detail in the following chapters. 
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Table 2. Measurement tools for assessing motor function the first year of life and at preschool and school age. 

Test  Short 

name 

Age-span Purpose  Type of test  Description of the test Time to 

administer 

ICF-CY 

component 

First year of life 

Alberta Infant Motor 

Scale48 

AIMS 0 month – 

independent 

walking 

Discriminative, 

predictive 

Norm –

referenced 

Observation of infant in prone, 

supine, sitting and standing 

15 minutes Activities and 

participation 

Bayley Scale of Infant 

and Toddler 

Development 3rd ed49 

BSITD-

III 

1 month – 

3,5 years 

Discriminative, 

evaluative 

Norm –

referenced 

Motor scale (81 items, gross 

and fin motor behaviour) and 

mental and behavioural scale 

15 – 20 

minutes 

(motor scale) 

Activities and 

participation 

General Movement 

Assessment9 

GMA Preterm –  

4 months 

CA 

Discriminative, 

predictive  

Criteria – 

referenced  

Assessment of spontaneous 

movements scored from video- 

recording of infant in supine 

10 – 30 

minutes 

recording  

Body functions 

and structures  

Infant motor profile50 IMP 3 – 18 

months 

Discriminative Criteria –

referenced 

Observed or elicited behaviour 

scored from video-recording 

15 minutes 

video –

recording 

Activities and 

participation 

Movement Assessment 

of Infants51 

MAI 0 – 12 

months 

Discriminative, 

predictive 

evaluative 

Criteria –

referenced 

Assessment of muscle tone, 

reflexes, automatic reactions, 

and volitional gross and fine 

motor. 

30 – 60 

minutes 

Body functions 

and structures/ 

Activities and 

participation 

Neuro Sensory Motor 

Development 

Assessment52 

NSMDA 1 month – 6 

years 

Discriminative, 

predictive, 

evaluative 

Criteria –

referenced 

Gross and fine motor and 

neurological assessment, 

primitive reflexes, 

postural reactions, and motor 

responses to sensory input 

10 – 30 

minutes 

Body functions 

and structures/ 

Activities and 

participation 

Peabody Development 

Motor Scale 2nd ed.53 

PDMS-II 0 month – 5 

years 

Discriminative, 

predictive,  

evaluative 

Norm –

referenced 

5 sub-scales; reflexes, 

stationary, locomotion, object 

manipulation, grasping and 

visual motor integration  

45 – 60 

minutes 

Activities and 

participation 

Test of Infant Motor 

Performance8 

TIMP 34 weeks 

PMA – 5 

months CA 

Discriminative, 

predictive,  

evaluative 

Norm – 

referenced  

42 items of motor function 

grouped into observed and 

elicited items 

25 – 35 

minutes 

Body functions 

and structures/ 

Activity and 

participation 
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Test  Short 

name 

Age-span Purpose  Type of test  Description of the test Time to 

administer 

ICF - 

component 

First year of life 

Posture and Fine Motor 

Assessment of Infants54 

PFMAI 2 – 12 

months 

Discriminative, 

evaluative 

Criteria –

referenced 

Gross and fine motor 

assessment 

25 – 30 

minutes 

Activities and 

participation 

Structured Observation 

of Motor Performance 

in Infants55 

SOMP-I 0 – 12 

months 

Discriminative Norm and 

criteria –

referenced 

Level (progress) of motor 

development and quality of the 

motor performance.  

15 – 30 

minutes 

Activities and 

participation 

Toddler and Infant 

Motor Examination56 

TIME 0 month – 

3,5 years 

Discriminative, 

evaluative 

Norm –

referenced 

5 sub-scales; mobility, motor 

organization, stability, 

social/emotional and functional 

ability 

15 – 45 

minutes 

Activities and 

participation 

Preschool / school age 

Movement Assessment 

Battery for Children 257 

MABC-2 3 – 16 years Discriminative Norm –

referenced 

3 sub-scales; Manual dexterity, 

ball skills and static dynamic 

balance 

20 – 40 

minutes 

Activities and 

participation 

Bruininks-Oseretsky 

Test of Motor 

Proficiency58 

BOT-2 4 - 21 years  Discriminative, 

evaluative 

Norm –

referenced 

8 sub-scales; fine motor 

precision and integration, 

manual dexterity, bilateral 

coordination, balance, running 

speed and agility, upper limb 

coordination, strength  

45 – 60 

minutes 

Activities and 

participation 
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2.4.4 Test of Infant Motor Performance and Test of Infant Motor Performance Screening 

Items 

The Test of Infant Motor Performance is developed as a tool to assess posture and selective 

motor control needed for functional performance in infants below five months CA.8 The test 

discriminates among infants with typical motor development and infants with motor 

developmental delay.59 It is a useful tool when guiding parents in handling and stimulating their 

infants.8, 59 Age-standards of the TIMP have been developed based on 990 low birth weight 

infants (birth weight < 2500 g) in the U.S. with different race/ethnicity and different risk for 

adverse development.60 The TIMP can be used longitudinally and is useful for documenting 

developmental changes, but its responsiveness has not yet been assessed. Its predictive validity 

has been assessed within different age groups. At three months CA used with cut-off points -

0.5 standard deviation (SD), the TIMP correctly identified 72% of the infants who later received 

scores below -2 SD on the Peabody Developmental Motor Scale-2 (PDMS-II) at four to five 

years. In comparison, 90% of infants who received scores above -0.5 SD on the TIMP, scored 

within normal on PDMS-II when assessed at preschool age.61 Test-retest reliability and validity 

of the test is good.59, 62-64 

It takes approximately 25 to 45 minutes to perform and score the TIMP if the infant is in a good 

behavioural state. For the youngest and for the most fragile infants this can be too demanding. 

Therefore, a short version of the test has been developed, the TIMPSI, containing half of the 

items from the TIMP.8 Average time to complete the TIMPSI is 22 minutes. The correlation 

between the full version and the screening version of the test is high, 0.88 (p<0.0001).8 Age 

standards for TIMPSI based on the motor performance of 990 U.S. infants are available in the 

TIMP manual.8, 65 Its purpose is mainly discriminative and thereby, to identify infants for whom 

a full version of the test should be performed.  
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2.4.5 General movement assessments 

General movement assessment, developed by Prechtl and co-workers, is an assessment of the 

infants’ spontaneous movements.9, 66-68 These spontaneous movements, the general movements 

(GMs), seen in foetuses and young infants have age-specific characteristics (Figure 3).   

 

Figure 3. Age specific characteristics of general movements 

 

Until approximately 37 weeks PMA the movements are described as preterm GMs, at term and 

early post-term as writhing movements, and at two to four months CA as fidgety movements.9, 

68 The assessment, based on a visual gestalt perception or a global view, is performed through 

observation of video-recording of the infants in supine lying, awake and without any 

interruptions.9 The GMs are classified as either normal or abnormal, depending on their 

complexity, fluency and variability. In the period of preterm and writhing movements, which 

is the focus of this thesis, subgroup classifications of abnormal GMs are; chaotic, cramped-

synchronized, or poor repertoire. GMA discriminates between typically and atypically 

developing infants. Lack of or abnormal fidgety movements is seen as an indicator of brain 

damage66, and is highly predictive with respect to CP. 9, 42, 47, 66, 69, 70 During the period of 

preterm and writhing movements the predictive value of GMA is low. The sensitivity of 
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abnormal GMs is high across different ages, whereas the specificity is only reported to be high 

when the assessment is performed during the period of fidgety movements.9, 71 It is found that 

the abnormal movement patterns of poor repertoire GMs gradually normalises.72  

For a detailed analysis of the GMs, two different optimality lists has been developed, one for 

use at preterm to early post-term age, and one for use from two to four months CA.9, 67, 73, 74 The 

first optimality list comprises the evaluation of detailed aspects of the GMs, whereas the second 

optimality list covers movements occurring together with fidgety movements.9, 75 Low motor 

optimality score at two to four months CA is indicative of later impaired motor and cognitive 

function75-77, but the consequences of low optimality score at preterm to early post-term age is 

less conclusive.72, 73, 78  

GMA can be considered to be an assessment tool of the body functions and structures 

component according to the ICF-CY as general movements express brain maturation and 

function.79  

2.4.6 Motor impairments in infants born preterm 

The most severe motor impairment seen in infants born preterm is CP. Results from a meta-

analysis from 2000, including 26 studies, found that the prevalence of CP was 14% for infants 

with GA from 22 to 27 weeks, 6% for infants with GA from 28 to 31 weeks and < 1% for 

infants with GA 32 to 36 weeks.4, 80 In the United Kingdom and Ireland between March and 

December 1995 the prevalence of children with CP was 20% in infants born before 26 weeks 

PMA.81 In Norway in a cohort study of children born from 1967 to 1983, the prevalence of CP 

was 9.1% in infants born before 28 weeks PMA versus 0.1% for infants born at term.1 However, 

there has been a decline in this prevalence since 1980. A collaborative network of CP registers 

and surveys, Surveillance of Cerebral Palsy in Europe, has documented a significant reduction 
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in the prevalence of CP in infants with birth weight lower than 1575 grams from 60.6 (99% CI: 

37.8 – 91.4) per 1000 live births  in 1980 to 39.5 (99% CI: 28.6 – 53.0) in 1996 (p < 0.0004).80, 

82  

Other motor impairments linked with preterm birth have been described variously like 

developmental coordination disorder (DCD), minor neurological dysfunction or soft 

neurological signs.3 These motor impairments might not be evident before the children reach 

school age and they often persist into adulthood.83 The prevalence has been reported to vary 

from 47 to 64% for fine motor deficits and from 14 to 81% for gross motor deficits, depending 

on the child’s age when assessed.3 A review of preterm birth and neurological outcomes from 

2010 found a prevalence of children having DCD varying from 9.5 to 51% compared to 

estimated 5 to 6% in the general population.4 Motor impairment was in this review defined as 

< 5 centile on the Movement Assessment Battery for Children (MABC) or scores < -1SD on 

the MABC or on the Bruininks-Oseretsky Test of Motor Proficiency. 

The spontaneous movements of infants born preterm often lack variation and complexity 

compared to the movements of full-term born infants74, without this indicating adverse long-

term neurological outcome.72 In a study of postural behaviour in infants born preterm compared 

to full-term born infants at four to six months CA, the infants born preterm showed relatively 

immobile postural behaviour.84 Furthermore, the immobile postural behaviour was related to 

reduced postural behaviour and scores on balance assessed by Movement ABC when the 

children were six years old.85 Another study of postural control in 90 children born very preterm 

found impaired static and dynamic balance in the preterm group compared to term-born 

children assessed at four years CA.86 

A meta-analysis of motor ability in infants born very preterm concluded that preterm birth is 

associated with significant motor impairments persisting throughout childhood.5 These motor 
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impairments can be seen both in balance and in fine and gross motor function. A geographically 

based follow-up study of 36 VLBW young adults and matched controls describes overall poorer 

fine and gross motor skills in VLBW adults compared to controls, indicating that these children 

do not outgrow their motor problems when entering adulthood.83 

 

2.5 Early intervention  

The term “early intervention” covers a range of approaches aiming at preventing perinatal 

disabilities, ensuring neuroprotection and providing optimal environmental conditions.87 A 

consensus on a definition of  “early” is lacking but it usually comprises intervention conducted 

before term age and the first year of life.27 The plasticity of an immature CNS provides rationale 

for early intervention strategies.27 

A program designed to reduce stress and improve self-regulation in infants born preterm while 

in the NICU is the Newborn Individualized Developmental Care and Assessment Programs 

(NIDCAP), which involve caregivers, infants and parents.87, 88 The NIDCAP is an extensive 

program consisting of individually tailored interventions to minimize possible stress on the 

young infants caused by the environment, for example noise, light or painful routines. It is 

found that the NIDCAP improves respiratory and nutritional disorders associated with preterm 

birth, improves weight gain and decreases hospital stay duration.87 A RCT of 33 low-risk infants 

born preterm compared NIDCAP with care as usual, and it was found better outcomes in the 

group having received NIDCAP.88 These differences were seen both in the neurological 

assessment and in behaviour functioning when the infants were assessed at two weeks CA. 

When assessed at nine months CA by the Bayley Scales of Infant Development II (BSID-II), 

the difference between the groups was still evident. The study also reported evidence of 
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enhanced brain function and structure in the NIDCAP group.  A similar study was conducted 

in a group of SGA infants born preterm, demonstrating corresponding results.89 

A program designed for use in transition from hospital to home is the Mother-Infant Transaction 

Program.90, 91 This program aims to sensitize the parents to their infant’s cues, especially to 

signals indicating stimulus overload, distress or readiness for interaction. The intervention starts 

with 1-hour daily sessions with the parents and infant one week before discharge from hospital, 

followed by four home visits; day 3, 14, 30, and 90 after discharge. A modified version of this 

program has been used in a RCT of 146 infants born preterm.90, 92 The program seemed to 

sensitize the mothers to their infants temperament assessed when the infants were six months 

CA.93 Furthermore, parents who had participated in the program scored significantly lower on 

stress parameters assessed by Parenting Stress Index when the infants were 6, 12 and 24 months 

CA.90, 92 There were no significant differences between the infants in the two groups assessed 

at two years CA by BSID-II, but at five years the infants IQ scores were significantly higher in 

the intervention group compared to the control group.92, 94   

Providing enriched environment has shown positive effect on brain development and behaviour 

in studies of animals and birds.95, 96 Increased cortical weight and thickness and increased 

dendritic branching have been documented.96 Enriched environment interventions encompass 

interventions that facilitate cognitive, motor, sensory, or social aspects to promote learning and 

require that the individuals actively explore the environments.27, 97 Very young infants need 

support from parents or caregivers to be able to explore the environment.97 A meta-analysis of 

enriched environments and motor outcomes in infants with or at high risk for CP reported 

promising results, but because of the high levels of heterogeneity of participants and type of 

interventions, a conclusion could not be drawn.97 
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Challenges in conducting meta-analysis of early intervention include the diversity of types of 

interventions, varying from interventions addressing maternal health, parent-infant 

relationship, infants’ cognitive or motor development, or combinations of these.27 The objective 

of the interventions, the content, and the persons conducting the interventions have also varied. 

The following sections focuses on early intervention to optimise motor development. 

2.5.1 Early intervention to optimise motor function 

A prerequisite in motor development and motor learning is that the child actively explores the 

environment.27 The positioning of the infant defines the infant’s possibility of exploring, for 

instance a certain level of experience and control in prone and in supine precedes independent 

sitting.98 Environmental adaptation and postural support can provide new possibilities for the 

infant to be active. Thus, the parent or caregiver plays a crucial role in the infant’s development 

by creating an environment that facilitates his possibilities for learning.  

A study of head control in 22 infants born at term without known risk for impairments, 

comparing intervention with no intervention, documented more advanced head control and 

general motor development in the intervention group compared to the control group.99 The 

intervention comprised four weeks of 20 minutes daily postural and movement activities 

provided by the caregivers, and an additional 20 minutes daily upright experience starting when 

the infants were one month old. All infants were tested every second week for three months.99 

Head control is crucial in different aspects of development, like for the use of vision, oro-motor 

function and trunk and arm development, all necessary for exploring the environment. 

The role of experience was studied in a trial including 28 typically developing infants born at 

term.98 At two months of age the infants were divided into two groups, both receiving 15 

minutes daily intervention for three weeks. One group received face-to-face interactions in 
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prone (control group) and one group received handling and positioning activities and enriched 

perceptual- and motor environment. Motor function was assessed weekly for 12 months after 

the end of intervention. The infants who had received handling and positioning showed greater 

advances in motor development compared to the control group. The difference was seen 

immediately after the three-week period and continued throughout 12 months.  

Both these aforementioned studies demonstrate the positive effect of early intervention in 

typically developing infants. We can assume that the effects of early interventions might also 

apply for atypically developing infants but there are many unanswered questions. For instance, 

at what age, what dosage and what type of intervention is the preferred in optimising motor 

development in infants at risk and in atypically developing infants. An overview of RCTs of 

early intervention to optimise motor development in infants born preterm during the first three 

years of life is given in Appendix 1. 

A recent meta-analysis on the effect of early interventions post-hospital discharge to prevent 

motor and cognitive impairments in infants born preterm, and its update, found a small 

significant difference in motor outcome at zero to three years, favouring intervention groups.11, 

100 Furthermore, subgroup analysis comparing interventions that begun before discharge from 

hospital versus those that begun post discharge found slightly greater, but not significant, 

impact on motor outcome when the intervention was started before discharge from the hospital.  

One of the studies included in this review, which was not appropriate for the meta-analysis due 

to the measurement tool being used, revealed greater improvements in motor function in the 

intervention group compared to controls.11, 101 One hundred and eleven infants with GA < 37 

weeks were included in this study. Infants who at term age received high score on the TIMP 

served as a not-at-risk control group. The other infants, defined as at-risk group, were randomly 

assigned to an intervention or to a comparative group. The parents performed the intervention 
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designed to facilitate motor development, when the infants were 40 weeks to 4 months CA.101  

Another systematic review of early intervention with parents actively involved found more 

consistent effects in favour of the intervention groups on the mental scale of BSID/ BSID-II 

than on the psycho motoric scale, when assessed at 12, 24 and 36 months CA.102 But by the age 

of five years there was no difference between groups. 

2.5.2 Parent-infant relationship 

Experiencing a preterm birth and caring for a baby while being in the NICU is for most parents 

a very stressful situation.90, 103 Being a sensitive and responsive parent implies responding 

appropriately and in a timely way to the infant’s cues.104 Because of the infant’s immaturity his 

capacity for attention and for interacting socially is reduced. Therefore, the infant’s behavioural 

cues can be difficult for the parents to interpret, something that might have negative impact on 

the parent-infant relationship.105, 106 Increasing the parents’ sensitivity and responsiveness 

towards their infants could influence the infants’ environment positively and subsequently 

improve the infants’ development.105, 107  

Interventions which include active involvement from the parents and which give support to the 

parents have a proven positive effect on maternal sensitivity and on maternal stress.107 

Interventions that provided information or parent education only seemed to be less effective.107 

Furthermore, interventions that included parent support were often associated with improved 

child outcome. Another systematic review demonstrated that mother-preterm infant 

relationships improved after having participated in intervention of their infant.108 A sensitive 

parent gives the infant a secure base to explore the environment from, and thereby enhances the 

infant’s development.109 
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2.5.3 The Norwegian Physiotherapy Study in Preterm Infants 

The Norwegian Physiotherapy Study in Preterm Infants (NOPPI) is a multi-centre parallel-

group pragmatic RCT of early parent-administrated physiotherapy (ClinicalTrials.gov 

NCT01089296).110 Three university hospitals participated in recruiting the 153 participants 

randomised to receive intervention (carried out in week 34, 35, 36 PMA) or care as usual. The 

study consists of two parts; the aim of part one is to evaluate the effect of parent-administrated 

physiotherapy on infants’ motor function, end-point two years CA. Part two is a qualitative 

observation and interview study to assess different aspects of the encounter between 

physiotherapist and parent, with focus on the physiotherapist. It aims to increase knowledge 

about parents’ experiences of being actively involved in the intervention, as well as assessing 

the short- and long-term effects on the parent-child relationship. The study protocol, containing 

a detailed description of the intervention, was published in 2012 (Appendix 2). Paper III in the 

thesis reports the short-term outcome from this study.  
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3. Aim of the thesis 

The overall aim of the thesis is to assess different aspects of two measurement tools used in 

infancy and to evaluate the effect of early parent-administrated physiotherapy conducted before 

term-equivalent age. The aims of the separate papers are:   

Paper I:  To examine the test-retest reliability of the TIMPSI in a group of infants in high to 

moderate risk for long-term motor developmental difficulties.  

Paper II: To examine aspects of validity of the general movement optimality list at preterm, 

term and early post-term age in a group of VLBW infants without severe brain lesions.  

Paper III: To investigate the short-term effect of parent-administered physiotherapy in the 

preterm period on motor function in medically stable infants. We wanted to assess whether 

infants in the intervention group demonstrated a different change in motor function from 

baseline to post-intervention as compared to infants in the control group. 
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4. Material and methods 

The thesis comprises two methodological studies (Papers I and II), and one RCT of early 

intervention (Paper III). The study population was infants born preterm except for in Paper I 

where also six infants born at term were included.  

 

4.1 Study design 

The first study (Paper I) is a test-retest reliability study of the “Test of Infant Motor Performance 

Screening Items”.  

The second study (Paper II) is a validity study of the optimality list “Detailed Assessment of 

General Movements (GMs) During Preterm and Term Age” (Appendix 3).  

The third study (Paper III) is a multi-centre parallel group pragmatic RCT of parent-

administrated physiotherapy when the infants were 34, 35, 36 weeks PMA. The randomisation 

was performed by a web-based, computer-generated randomisation system developed and 

administered by the Unit for Applied Clinical Research, Faculty of Medicine, Norwegian 

University of Science and Technology, Trondheim, Norway, with the infants stratified 

according to GA (< 28 week and ≥ 28 weeks) and hospitals. Twins were assigned to the same 

group. 

 

4.2 Study population 

Inclusion and exclusion criteria of all three studies are presented in Table 3 and clinical 

characteristics of the participants are given separately for each paper, Table 4 to 6. 
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The first study (Paper I) included a convenience sample of 51 infants recruited from the NICUs 

or from the follow-up program for high-risk infants at two University hospitals in Norway, from 

April 2013 to December 2014. The infants had to be available for testing twice within three 

days. The study was conducted as part of ordinary follow-up of infants at risk for adverse 

neurodevelopment and included two age groups only, either infants at 36 to 37 weeks PMA or 

infants at 12 to 13 weeks CA.  

The second study (Paper II) included 20 VLBW infants born at Modena University Hospital, 

Italy, between November 2008 and November 2010. The infants were participating in another 

prospective study of low risk infants born preterm. They had no severe brain lesion on cranial 

ultrasonography, and video-recordings of their GMs at preterm, term, early post-term age and 

at three months CA had already been performed.  

The third study (Paper III) included 150 infants born very preterm recruited from the NICUs at 

three University hospitals belonging to the National Health Service in Norway, from March 

2010 to October 2014. Fifteen of the participants from the first study (Paper I) also participated 

in the RCT. As the intervention was parent-administrated, the parents had to speak and 

understand Norwegian to secure that they had learned and understood the different activities 

and could ask for guidance if necessary. The infants had to be medically stable due to the nature 

of the intervention.  
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Table 3. Inclusion and exclusion criteria in Paper I – III   

 Inclusion criteria Exclusion criteria 

Paper I Infants at high risk; 

- GA < 28 weeks  

- Birth weight < 1000 grams 

- Grade 3 or 4 intraventricular 

haemorrhage  

- Periventricular leukomalacia  

- Infants born at term with asphyxia 

treated with hypothermia 

Infants at moderate risk; 

- GA from 28 to 33 weeks.  

Parents understand Norwegian or English 

Available for assessment twice within 3 days 

Malformations 

Syndromes  

Having undergone major 

surgery  

 

 

Paper II Infants with GA < 32 weeks, and infants with 

birth weight < 1500 grams 

Repeated ultra-sound scans had excluded 

moderate to severe brain lesions 

 

Cerebral lesions (grade 3 or 4 

intraventricular haemorrhage, 

cystic periventricular 

leukomalacia or cerebellar 

damage) 

Malformations,  

Genetically disorders  

Blindness  

Paper III Infants with GA ≤ 32 weeks  

Infants able to tolerate handling at 34 weeks 

PMA  

Parents speak and understand Norwegian. 

Follow-up in the same hospital 

Triplets or higher pluralities 

Malformations  

Syndromes  

Having undergone major 

surgery  
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Table 4.  Clinical characteristics of participants Paper I 

 High risk 

(n=27) 
Moderate risk 

(n=24) 
Total 

(n=51) 

 mean SD mean SD mean SD 

Gestational age (weeks) 29.8 (6.2) 30.4  (1.7) 30.1  (4.4) 

Birth weight (grams) 1499   (1158)   1546  (292) 1524  (814) 

 n % n % n % 

Male 17 (63) 15 (63) 32 (63) 

Bronchopulmonary dysplasia 12 (24) 0  (0) 12  (24) 

Abnormal caput ultrasound 9 (18) 4  (8) 13  (25) 

Intracranial bleed grade 3 or 4    2 (4) 0 (0) 2  (4) 

Periventricular leukomalacia 3 (6) 2  (4) 5  (10) 

Tested at 36 - 37 weeks PMA  6 (12) 21  (41) 27  (53) 

Tested at 12 - 13 weeks CA  11 (22) 13  (25) 24 (47) 

SD: Standard deviation 

 

 

Table 5. Clinical characteristics of participants in Paper II 

           Moderate risk 

                                                                           (n=20) 

   n  % 

Gestational age 24 - 27 weeks 11 (55) 

Gestational age 28 - 31 weeks 9 (45) 

Extremely low birth weight (< 1000 grams) 14 (70) 

Very low birth weight (1000 - 1500 grams) 6 (30) 

Male 8 (40) 

Bronchopulmonary dysplasia 1 (5) 

Intracranial bleed grade 1 or 2 3 (15) 

Retinopathy of prematurity grade 1 or 2 1 (5) 
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Table 6. Perinatal and social background factors of participants in the intervention group and 

control group in Paper III 

     Intervention n=71   Control n=79 

Perinatal factors n  % n  % 

   Gestational age below 28 weeks  10 (14) 17 (22)  

   Male 36  (51) 44  (55) 

   Twins 12 (17) 23  (29) 

   Not older siblings 41  (57) 54  (68) 

   Intraventricular haemorrhage grade 1 - 2 4 (6) 8 (10) 

   Intraventricular haemorrhage grade 3 - 4 2 (3) 2 (2) 

   Periventricular leukomalacia 6  (8) 4  (5) 

   Sepsis 7  (10) 12  (15) 

   Bronchopulmonary dysplasia 6  (8) 8  (10) 

 mean SD mean SD 

   Number of other diagnoses 2.3 (1.8) 2.8 (1.7) 

   Birth weight: grams 1417  (417) 1385  (368) 

   Days of ventilation 1.6  (4.2) 1.7  (4.4) 

   Days of CPAP 15.3  (19.9) 15.9  (17.7) 

   Days with oxygen 7.9  (16.9) 10.5  (19.3) 

Social background factors mean SD mean SD 

   Mother’s age, years 32.1  (5.5) 30.5  (4.9) 

   Mother’s education, years 15.6  

14.5 

(2.7)  

(3.0) 

14.9  (2.8) 

   Father’s education, years 14.6  (2.7) 

CPAP: continuous positive airway pressure 

 

Of 217 invited participants in Paper III, 153 consented to participate and 64 declined. Three 

families withdrew after the randomisation and declined to the already collected data being used, 

leaving 150 participants. The parents were informed about the study both verbally and by 

written information by a physiotherapist unknown to the parents. They were also informed that 

they could withdraw from the study at any time. No explanations for declining to participate or 

for withdrawing were asked for, but the participants were welcomed and encouraged to meet in 

the follow-up assessments. Figure 4 shows the flow chart from invitation through 

randomisation, participation in intervention, and post-intervention assessment.  
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Figure 4. Participant flowchart from invited through randomisation, participation in intervention, and 

post-intervention assessment. H1: University hospital of North Norway, Tromsø University Hospital, 

H2: St. Olavs Hospital, Trondheim University Hospital, H3: Oslo University Hospital, Ullevål, PMA: 

ostmenstrual age, TIMP: Test of Infant Motor Performance. 
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4.3 Measurement tools 

The measurement tools used in this thesis were the TIMPSI, TIMP and GMA.8, 9  

The TIMPSI was used both in the test-retest reliability study (Paper I), and as a baseline 

measure in NOPPI (Paper III). The TIMP was used as an outcome measure in Paper III, at 37 

weeks PMA. The TIMP consists of two subscales, one comprising 13 items observing the 

infants’ spontaneous movements, scored dichotomously, and one comprising 28 items 

observing the infants’ responses to handling and to visual and auditory stimuli, scored on a zero 

to three – six points rating scale. Maximum total score is 142. The TIMPSI is divided into the 

following three subsets: a “Screening Set”, an “Easy Set”, and a “Hard Set”. The infants are 

first assessed with the Screening Set consisting of 11 items scored on a five- to seven-points 

rating scales, score range 0 – 51.8 If the sum score of the “Screening Set” is below 18 the “Easy 

Set” will be performed. The “Easy Set” consists of four dichotomously scored items and six 

items scored on a five- or six-point rating scale, score range 0 – 31. If the sum score of the 

“Screening Set” is above 18 the “Hard Set” will be performed. The “Hard Set” consists of eight 

items: five dichotomously scored and three scored on a five-point rating scale, score range 0 – 

17. The scores for the subsets are summed with higher scores indicating better motor 

performance. Maximum TIMPSI score is 99. 

The optimality list for detailed GMA at preterm to early post-term age was developed by Prechtl 

et al.67 and later modified by Einspieler et al.9, 73, 74 We used the optimality list “Detailed 

Assessment of General Movements (GMs) during preterm and Term Age” later published in 

2016 (Appendix 3).74 It comprises a global assessment followed by a detailed scoring of the 

movements of neck, trunk, upper and lower limbs. In the detailed analyses of neck and trunk 

rotatory movements are scored, whereas in the upper and lower limbs nine different movement 
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components are scored; amplitude, speed, space, proximal and distal rotation, onset and offset 

of movements, tremulous movements, and cramped components. The items are scored on a 

zero- to two-points rating scale, with two indicating optimal score. Maximal general movement 

optimality score (GMOS) is 42 points. Optimality subscore (OS) for upper and lower limbs and 

neck and trunk are calculated separately, maximum score is 18 for upper or lower limbs and 

four for neck and trunk, respectively.  

The tools used reflect different aspects of the ICF-CY, GMA addresses the body functions and 

structures component whereas the TIMP and the TIMPSI also addresses the activities and 

participation component. 

 

4.4 Procedures  

In Paper I, one tester from each of the two hospitals participated in the assessment of the infants. 

Both were paediatric physiotherapists who were experienced in assessing very young infants 

and who had good knowledge of the TIMP. The infants were examined either before discharge 

or when the infants came to the first follow-up assessment at the hospitals. The infants should 

be in appropriate behavioural state for testing, awake and not crying or fussing. Test 2 was 

carried out within three days after Test 1. This period of time was chosen because no changes 

in infants’ motor performance are expected within such a short period.8, 62 In case of two tests 

carried out on the same day, pauses of several hours between the tests ensured that the infants 

were rested and that the testers did not remember the scoring details from the previous test.  

In Paper II, the video-recordings of infants were anonymised by giving the infants random 

numbers. A physiotherapist, without knowledge of the infants’ medical history and 

neurodevelopmental outcome, edited the video-clips into two-minute video-clips or video-clips 
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comprising three GMs. The observers were blinded for names and characteristics of the infants 

when assessing the video-recordings. Two observers, certified in the GMA, performed the 

assessments separately by replay of each video for a minimum of four times. First a global 

motor assessment was performed, then movements of the neck and trunk were assessed 

followed by detailed assessment of upper- and lower-extremities movements.  In cases of 

disagreement with either the global assessment or a difference of more than five points in 

GMOS, a third observer were asked to assess the videos. The scores that two of the observers 

agreed upon were used. 

In Paper III, the infants were assessed at baseline using the TIMPSI and GMA, before they were 

randomised to intervention or to a control group. The nature of the intervention made it 

impossible to withhold group assignment from the parent of the infants, the staff at the NICUs 

and the physiotherapists instructing the parents. Post-intervention, at 37 weeks PMA, all infants 

were assessed with the TIMP. If the physiotherapists administering post-intervention 

assessment knew group allocation, the test was video-recorded and later scored by a second 

physiotherapist unaware of group assignment. The physiotherapists that administrated the 

TIMPSI and the TIMP had all completed a two-day training workshop on administrating and 

scoring the test.  

 

4.5 Early parent-administered physiotherapy (Paper III)  

The main objectives of the intervention Paper III were to enhance the infants’ postural control, 

head control and midline orientation during active participation from the infant. The 

intervention was developed based on the interventions in two previously published studies. The 

handling and motor stimulation was based on Girolami and Campbell111 and the social 
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interaction between the parent and the infant on Kaaresen et al.92 The intervention was 

performed by the parent, with the infant lying on the changing table or on the parents’ lap. 

Postural support was given to facilitate the infant’s midline orientation as a base for social 

interaction and for increasing the infant’s variation of movements. To increase variation of 

movements each infant had at least one activity in each of the following positions; prone, side-

lying, supine, supported sitting, and in transition between positions. 

The intervention was individualized based on the infant’s level of development and tolerance 

for movement. The parents were taught to give just sufficient postural support to facilitate 

activity and to adapt the support to the infants’ responses. They learned to read their infants 

cues and to assess whether the infant was actively participating or not, in order to promote 

motor development and motor learning, in line with theories of motor development and motor 

learning.37, 38 The intervention was carried out in dynamic interaction between the environment 

(social and physical) and personal factors in the infant. The infant, with help of the parent, was 

actively participating during the intervention as the intervention was to be terminated if the 

infant was not participating.  

Two physiotherapists at each hospital were involved in teaching the intervention to one parent 

in each family. On day one the physiotherapist explained and demonstrated the activities. On 

day two, the parent demonstrated the intervention and hand-over-hand guidance was provided 

if necessary. The parent performed the intervention for a week and additional consultations 

were provided based on individual needs. The parents could ask for more consultations if in 

doubt or had difficulties performing the intervention. After a week, all parents received a new 

consultation with the physiotherapist before continuing with the intervention for another two 

weeks.  
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A booklet containing photos and written instructions of fifteen activities implemented in 

different positions was given to the parents during the first day of intervention. An example of 

a page from the booklet is given in Figure 5.  

 

Figure 5. Page from the booklet given to the parents in the intervention group. 

 

According to the protocol the intervention time was set to a maximum of 10 minutes twice a 

day for three weeks when the infant was 34, 35 and 36 weeks PMA. The intervention was to be 

stopped if the infant was not in a behavioural state for intervention: fussing, falling asleep, 

hungry, or showed signs of stress. The parent chose the time of the day for performing the 

interventions and they were asked to keep a daily log to record the time spent on intervention 

and report any reasons for terminating a session or for not performing the intervetion.110 A 
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detailed description of the intervention is published in a previous paper of the study protocol 

(Appendix 1).  

The control group received care as usual, which included general information from the 

physiotherapist to the parents about positioning and handling. No specific and structured 

stimulation program was given routinely to infants in the control group. In all three NICUs 

principles from NIDCAP88 were applied to minimize possible stress on the young infants 

caused by, for example, noise, light or painful routines 

 

4.6 Ethical approval  

The Regional Committee for Medical and Health Research Ethics Central in Norway (REC 

Central) reviewed the study protocol, Paper I, in January 2012. It was concluded that the study 

did not require approval but only needed to be reported to the Data Protection Officer at the 

Hospital.  

The validity study of the optimality list “Detailed Assessment of General Movements (GMs) 

During Preterm and Term Age” (Paper II), was part of a study of VLBW infants born preterm 

and developmental outcome at 24 months approved by the ethical committee in Modena (z 

32/13).  

The NOPPI (Paper III) was approved by the Regional Committee for Medical and Health 

Research Ethics North in Norway (REC North: 2009/916-7) and registered in Clinical 

Trials.gov NCT01089296.  
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4.7 Statistics and analyses 

In the methodological studies (Paper I and II), the software IBM SPSS statistics version 22 

(IBM SPSS Statistic, Chicago, IL, USA) was used to perform the statistical analyses. In Paper 

III Stata version 13.1 (StataCorp LP, USA) was used. Normality of the data was examined by 

by Q-Q plot.   

Intra-class correlation coefficient (ICC) was used in Paper I and II. The ICC reflects both the 

degree of correspondence and agreement, as well as relative reliability between two ratings.43 

Values above 0.75 indicate good reliability, but for clinical measurements, the ICC should 

exceed 0.90.43 In Paper I, ICC1.1 was used to calculate relative reliability for within-subject 

differences. Absolute reliability was calculated as the square root of the mean within-subject 

variance (SW).112, 113 Low values express a small degree of measurement error. For graphical 

presentation of the differences between the two tests, a Bland Altman plot was constructed, 

where the differences of the two tests were plotted against the mean difference.114 In Paper II, 

ICC2.1 was used to assess agreements between the observers. 

In Paper II, the Mann-Whitney U test was applied to compare GMOS between infants with 

normal and abnormal global GMA. Receiver-operating characteristics curves (ROC curves) 

were used to calculate area under the curve (AUC) as an estimate of diagnostic accuracy of 

the GMOS with respect to motor outcome at three months CA.43 

Spearman’s rho (rs) was used in Paper II to assess concurrent validity between the optimality 

list and GMA, and in Paper III to explore the correlation between time in minutes spent on 

intervention and change in z scores.43  

A linear mixed model for repeated measures was used in Paper III to analyse differences in 

change in motor function from 34 to 37 weeks PMA between the two groups.115 Because of the 

age of the infants, different measurement tools were used at baseline and post-intervention. 
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TIMPSI and TIMP raw-scores were transformed to z scores for comparison of scores between 

the two time-points.8, 43 Z scores are the number of standard deviations that a given value is 

above or below the mean of the distribution.43 Because of the randomisation, all differences at 

baseline between the groups were expected to be due to chance,116-119 therefore the only fixed 

effect variables were TIMPSI z scores and GA. GA was included because of its possible impact 

on long-term neurodevelopment.2, 4, 6 Random effect variables were hospitals and individuals 

in families. The ICC of the random effect variables was also estimated to get information about 

within-cluster correlation. Effect size, Cohens d, was estimated based on comparison of scores 

for the two groups post-intervention. An effect size of 0.20 is regarded small, 0.50 moderate 

and 0.80 large.43  
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5. Main results  

The main results of the studies are presented separately. 

Paper I: Test-retest reliability of the Test of Infant Motor Performance Screening Items 

in infants at risk for impaired functional motor performance  

In this paper, we examined test-retest reliability of the Test of Infant Motor Performance 

Screening Items. The intra-class correlation coefficient (ICC1.1) was 0.99 (95% CI: 0.98 – 0.99), 

indicating very high relative reliability of the TIMPSI. Absolute reliability (SW) for TIMPSI 

score of all infants was 3.1, implying that the measurement error will be within 3.1 x 1.96 = 

6.07 points on the total TIMPSI score in 95% of the cases. Furthermore, the mean differences 

in TIMPSI scores of the two tests were close to zero, and in 94% of the cases the difference 

between the two tests fell within 1.96 SD of the mean difference. The TIMPSI showed strong 

test–retest reliability when performed on a group of infants with high to moderate risk for later 

motor developmental difficulties. We can recommend use of the TIMPSI to screen development 

of infants for whom the full version of the test is too demanding. 

Paper II: Validity of general movement optimality list in very low birth weight infants 

without severe brain lesions  

In this paper, we examined the concurrent and predictive validity of the optimality list “Detailed 

Assessment of General Movements (GMs) during preterm and Term Age”.74 We found the 

concurrent validity to be moderate to high between the general movement optimality list and 

GMA across all items at term and early post-term age (rs > 0.6,  p< 0.05), except for tremulous 

movements and cramped components. The only items correlating moderate to excellent with 

the global GMA across all three ages were amplitude and speed in upper and lower limbs, 

rotation in upper limbs, and involvement of the neck. There was no overlap in median GMOS 
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for normal and for poor repertoire GMA for any of the ages, and GMOS differed significantly 

between the two groups across all ages (p < 0.035). Thus, the GMOS distinguish between infants 

who had normal and poor repertoire GMs. The AUC for the optimality list used at the three 

different ages and outcome at three months CA was from 0.32 (95% CI: 0.03 – 0.61) to 0.53 

(95% CI: 0.24 – 0.83), indicating low predictive validity of the optimality list.  We concluded 

that the concurrent validity of the optimality list was moderate to high against the GMA across 

preterm, term and early post-term age, but the predictive validity of GMOS for motor function 

at three months CA was low.  

Paper III: Early parent-administered physiotherapy for preterm infants: a randomised 

controlled trial 

This paper reports the short-term results from an RCT examining effect of parent-administrated 

physiotherapy for infants born very preterm during three weeks in the preterm period. We found 

that the intervention group had higher improvement in motor function from baseline to post-

intervention compared to the control group. The group difference in change of z score was 0.42 

(95% CI: 0.13 – 0.72), p = 0.005. Most parents conducted the intervention at least once per day 

for three weeks. The analysis was performed according to the protocol110 and the Consolidated 

Standards of Reporting Trials (CONSORT) guidelines.120, 121 From this study, we concluded 

that the intervention optimised motor function on short-term in the intervention group, and that 

conducting the intervention once a day can be feasible for medically stable preterm infants and 

their parents from week 34 PMA.  
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Unpublished results of the RCT 

In Paper III, the median number of diagnoses was borderline significantly higher in the control 

group than in the intervention group (p=0.059, see Table 1 in Paper III). As a number of 

diagnoses might influence motor development, additional analyses were performed for 

comparison. A linear mixed model for repeated measures including number of diagnoses as a 

fixed effect variable was applied. The results remained unchanged as shown in Table 7. 

Furthermore, because of more participants withdrawing from the study in the intervention group 

a linear mixed model for repeated measures complete cases, was applied for comparison, also 

indicating similar result (Table 7).  

 

Table 7. Changes in z score from baseline to post-intervention. 

 Change in z score 

intervention group  

Change in z score  

control group  

Between-group  

    differences 

 

p 

             mean   (95% CI)         mean      (95% CI) mean          (95% CI)  

1  0.25 (0.01 to 0.50) -0.16 (-0.39 to 0.06) 0.421 (0.13 to 0.72) 0.005 

2 0.25 (0.01 to 0.50) -0.15 (-0.38 to 0.07) 0.412 (0.11 to 0.71) 0.006 

3 0.29 (0.05 to 0.54) -0.13 (-0.35 to 0.10) 0.423 (0.13 to 0.71) 0.004 

 

1. Intention to treat linear mixed model adjusted for clustering effects of twin pairs and 

hospitals, fixed effect variables GA and TIMPSI z scores.  

2. Intention to treat linear mixed model adjusted for clustering effects of twin pairs and 

hospitals, fixed effect variables GA, TIMPSI z scores and number of diagnosis. 

3. Intention to treat linear mixed model adjusted for clustering effects of twin pairs and 

hospitals, with fixed effect variables GA and TIMPSI z-score, complete cases only. 

 

 

 

 

 

 

 

 

 



 

46 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

47 
 

6. Discussion 

6.1 Main findings 

The first two papers of the thesis examined two measurement tools developed for assessing 

motor function in infancy. In Paper I, the test-retest reliability of the TIMPSI, was found to be 

excellent when performed twice within three days in a group of infants with high to moderate 

risk for later motor developmental difficulties. In Paper II, the concurrent validity between the 

general movements optimality list and GMA was moderate to high at term and early post-term 

age. The GMOS distinguished between infants with normal and poor repertoire GMA at all 

ages. But the predictive validity of the optimality list for motor outcome at 3 months CA was 

low.  

In Paper III, we reported the short-term outcome from a multi-centre RCT, the NOPPI, where 

the parents performed the intervention with the supervision of physiotherapists. The TIMPSI 

and GMA were used for assessment at baseline and the TIMP was used as an outcome measure 

at week 37 PMA. A small, but highly significant group difference in change in motor function 

from baseline to post-intervention was found in favour of the intervention group, even though 

the number of intervention sessions was about half of that intended.  

 

6.2 Validity of the studies  

In this section I will discuss methodological aspects of the three studies concerning internal and 

external validity as well as strengths and limitations of the studies. The internal validity of 

studies lie in the degree to which conclusions drawn are correct based on data available.43 The 
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internal validity might be compromised by for example the number and selection of 

participants, and how the data was collected and analysed. External validity refers to the extent 

to which the results can be generalised to other populations beyond the internal specification of 

a study sample.43, 131  

6.2.1 Study design and study population 

In study one, Paper I, we used an observational design to investigate the test-retest reliability 

of the TIMPSI within three days. The paper included a convenient sample of 51 infants at risk 

for adverse neurodevelopment, recruited from two different University hospitals in Norway. 

This sample size was estimated a priori to be sufficient to secure power of the study. However, 

only infants available for testing twice within three days were included. Therefore, the study 

population consisted of infants still staying in the hospitals, infants living close to the hospitals, 

or infants available for testing twice within the same day. Since the participants came from a 

convenient sample of infants, there might have been some selection bias, but because of two 

collaborating hospitals the possibility of selection bias might have been reduced. 

Paper II is a validity study based on detailed scores of GMs by use of the general movement 

optimality list. Two to three observers assessed the 60 video-recordings of 20 VLBW infants 

without known severe brain lesions. As the infants were participating in another study, the 

inclusion criteria were already defined. Besides, only infants with four video-recordings of their 

GMs was eligible. This might have created some selection bias. The limitation of the study is 

the small and rather homogeneous sample of infants. Thus, our conclusion from this validity 

study can only be for this restricted sample, VLBW infants born preterm without severe brain 

lesions. 
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The NOPPI, which Paper III is based upon, is a parallel group, pragmatic, multi-centre RCT 

conducted very properly and according to CONSORT statements.120 Randomised controlled 

trial is the “gold standard” for evaluating the effects of interventions and potential confounding 

factors are expected to be distributed randomly across the two groups.120 The randomisation 

was performed by a web-based system, with infants stratified according to hospitals and GA. 

The sample size was 150, 71 in the intervention and 79 in the control group. A sample size of 

63 in each group had been estimated a priori to be sufficient to secure power for the primary 

outcome of the NOPPI: motor function at two years CA.110 All participants were infants born 

very to extremely preterm. They were recruited consecutively at 33 weeks PMA from the 

NICUs at three University hospitals from different regions of Norway. More than 70% of the 

invited families consented to participate. Because of the randomisation being performed very 

correctly, it is unlikely that the reported result is affected by selection bias influencing the 

internal validity of the study. However, a major limitation of Paper III is that it only reports 

short-term outcome immediately after intervention.64 

6.2.2 Measurement tools and assessment procedures 

The measurement tools used in this thesis were the TIMPSI, TIMP and GMA, all evaluated and 

found to be valid and reliable.45, 47, 59, 62, 64, 122-125 They were developed for use in infants between 

32 weeks PMA to 5 months CA, to discriminate between typically and atypically developing 

infants.9, 62 The TIMP can also be used to evaluate changes over time.45, 101, 111 Because of the 

good psychometric properties of the measurement tools used in the three papers, the possibility 

of information bias was reduced. 

All observers had a thorough knowledge of the measurement tools through courses, workshops 

and long clinical experience in assessing very young infants. 
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In Paper I the same physiotherapist assessed the infants twice within two days. Cautions were 

made to not remember the scores from the first to the second assessment, but this could 

potentially have created systematic error and thereby a possibility of observer bias.  

In Paper II, we found some disagreement between the observers, with the more experienced 

observers scoring more similar. This indicates that the qualifications of the observers when 

using the GMA are important for reducing observer bias. Thus the scores that two of the 

observers agreed upon were used in the statistical analyses.  

The physiotherapists who assessed the video-recordings in Paper II and the infants at baseline 

and post-intervention in Paper III were blinded to the medical history of the infants and to group 

assignments. In Paper III, different physiotherapists assessed the infants at baseline and post-

intervention, which further decreased the chance of observer bias. 

6.2.3 Intervention 

In Paper III the intervention was based on current recommendations for early interventions 

involving parents as the main practitioners.32, 37, 100 Physiotherapy, with parents as the main 

practitioners of the intervention, was conducted as part of ordinary clinical practice. Due to the 

nature of the intervention, all parents knew their group allocation, as did the physiotherapist 

instructing the parents. The parents performed the intervention as part of time spent with their 

infants at the NICU. The infant, with help of the parent, was actively participating during the 

intervention as the intervention was to be terminated if the infant was not participating. Thus, 

the intervention can be described both as belonging to the activities and the participation 

component of the ICF-CY including both environmental and personal factors.12 

The intended amount of intervention, according to the study protocol, was up to 10 minutes 

twice a day for three consecutive weeks.110 Because of the infants’ age and the short time during 
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a day of being awake and in proper “state” for intervention, 10 minutes was chosen as the 

maximum time of intervention. This dosage was similar to the intended dosage in a study of 

early PT by Cameron at al.126 and the dosage in the study of Girolami and Campbell.111 A recent 

published study by Dusing et al. of therapist-delivered intervention in the NICU, provided 20 

minutes per session five times per week with opportunities for the infant to experience variable 

and self-directed movements and social interaction.127 But the number of infants assessed post-

intervention was very small, two in the intervention group and four in the control group, thus 

the conclusion of this study was only about the feasibility of the intervention program.  

In Paper III the number of sessions during the intervention period varied largely, as reported by 

the families, but as a rule most families performed the intervention at least once a day, with a 

median duration time of nine minutes. Even though this was only half the intended number of 

sessions, the intervention group showed a significantly better improvement in motor function 

compared to controls following the three weeks’ intervention. But increased sensitivity from 

the parents towards the infants’ signals could have resulted in transfer to other situations, and 

thereby led to increased time spent on intervention other than reported in the parents’ logs. 

Because of the large variation in the number of intervention sessions between infants, it was 

not possible to make conclusions about what amount of intervention was best in optimising 

motor function before term-equivalent age.  

6.2.4 Statistical analyses 

In Paper I, both relative and absolute reliability between Test 1 and Test 2 of the TIMPSI were 

calculated.113, 128 The relative reliability, ICC1.1, was very high. However, the absolute reliability 

(SW) was also quite high, which indicates that the difference between two measurements for the 

same subject needs to be rather high to be sure that there has been a real change in motor 
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function. This indicates that the TIMPSI is primarily a screening tool to discriminate between 

typically and atypically developing infants.8, 65  

In Paper II, with a sample size of only 20, the number was small for calculating correlation. 

Even so, we found the correlation between the optimality list and the GMA to be good at term 

and early post-term age, but not at preterm age. Why the correlation at preterm age only was 

little to fair might be because the preterm GMs are slightly different from writhing movements, 

and the items of the optimality list might reflect more of the writhing movements. The 

predictive validity of the GMA has in previous studies been assessed to be low at preterm to 

early post-term age with respect to outcome at 24 months CA.47 As expected, the diagnostic 

accuracy of the optimality list with respect to outcome at three months CA, was low in our 

study. For estimating the predictive validity of the optimality list, the number of subjects with 

normal and abnormal GMS at three months CA was too small to provide a probability > 80% 

for being correctly identified.129 

In Paper III, missing data could have created selection bias and possibly led to overestimates or 

underestimates of treatment effects.130 Possible bias due to missing data was reduced by the 

model used in the analyses. The assumption in this model was that data was missing at random. 

A complete case analysis for comparison was performed, but the result of the analyses remained 

unchanged. Potential confounders in Paper III were GA, twins and three different participating 

hospitals. Possible nesting effects of twins and hospitals were adjusted for in the analyses. 

Because of properly conducted randomisation, all differences at baseline between the 

intervention and the control group were expected to be due to chance and were not included as 

covariates in the analyses.118, 120 But, since there was a higher number of other diagnoses in the 

neonatal period in the control group, we performed an analysis including the number of other 

diagnoses as a covariate, but the result remained the same.  
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6.2.5 External validity  

In Paper I, enough infants were included to secure the power of the study. Since the test-retest 

reliability was very high, and the study was conducted as “real time” scoring of the TIMPSI in 

order to reflect clinical use of the test, we can assume that the TIMPSI is applicable for 

screening motor function in infants born preterm and at risk for adverse neuro-development. 

The TIMPSI might also be applicable for use in other groups of infants for whom the full 

version of the test is too demanding.  

The validity of the general movement optimality list, Paper II, was explored for three different 

ages. But because of the small sample size and the participants being a selected group of few 

infants, the generalisation of the findings to other group of infants must be done very carefully.  

Since the NOPPI, Paper III, was a pragmatic trial, with the benefits of intervention assessed 

under real clinical conditions with a study population similar to the general populations of 

infants born preterm, we can expect the external validity to be high.132 More than 70% of invited 

parents consented to participate, from the north, the middle and the south-east of Norway, which 

further strengthens the external validity. Only parents who understood and spoke Norwegian 

were included, to rule out misunderstanding about the content of the intervention and the 

handling of the infants. The intervention should be applicable to other infants and their parents 

as long as the therapist and parents are fluent in the same language. Because of both the internal 

and the external validity of Paper III is found to be good, our findings might be generalised to 

other groups of medically stable infants from similar NICUs. For example, infants born preterm 

from other regions and from other cultural backgrounds, and infants at risk for adverse 

development due to other pre- and neonatal factors.  
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6.3 Consistency with other studies 

In this section I will discuss the results from each of the three papers with respect to consistency 

with other studies. Paper III will also be discussed against studies of CNS development and 

motor development.  

6.3.1 Test-retest reliability of the TIMPSI (Paper I) 

A test-retest study of the TIMPSI had previously only been performed in children with spinal 

muscular atrophy (n = 38) and the correlation was found to be high (r = 0.95)125  However, a 

test-retest study of the full version of the test, the TIMP, had been performed in 106 infants 32 

to 56 weeks PMA with varying ethnicity and varying risk for adverse neuro-development.62 

The correlation between scores on two different days was reported to be high (r = 0.89). In 

Paper I, we found the test-retest reliability of the TIMPSI to be high, which is in line with the 

two aforementioned studies.62, 125 But a direct comparison of Pearson`s r and ICC is not quite 

appropriate, since Pearson`s r is a measure of linear correlation between two values133, and ICC 

is a measure of both association and agreement.128 However, since both the correlation 

coefficients were high, we might argue that our finding is in line with the two previous studies. 

6.3.2 Validity of the general movement optimality list in very low birth weight infants 

without severe brain lesions (Paper II) 

In Paper II, we documented moderate to high concurrent validity for the optimality list versus 

GMA at term and early post-term age, which could be expected, since both are expressions of 

the same phenomenon.9, 75 A previous study of the correlation between global and detailed GMs 

in 233 infants, GA 26 to 46 weeks, demonstrated that the detailed analyses distinguished 

between infants with normal and abnormal GMs.74 They also found that there was no overlap 

of median GMOS for infants with normal or poor repertoire GMA, which also was our finding 
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in Paper II. The GMOS distinguished between infants with normal and poor repertoire GMs 

from preterm to early post-term age.  

Furthermore, our finding of presence of tremulous movements and cramped components, both 

if normal and if poor repertoire GMA, is consistent with the high rate of these movements across 

different categories of GMA reported in the aforementioned study.74 Cramped components 

across ages irrespective of neurological outcome have also been described in several previous 

studies.72, 73 Thus, tremulous movements and cramped components can be seen across different 

categories of GMA. However, some items correlated moderately to excellently with the global 

GMA across all three ages and can therefore be of more importance in the detailed assessment 

of GMs. These items are amplitude and speed in upper and lower limbs, rotation in upper limbs, 

and involvement of neck movements. For distinguishing between typically and atypically 

developing infants at very early ages, these items can be useful supplements to the global score 

of normal and abnormal GMs.  

The validity of GMA in predicting long-term adverse neuro-development has previously been 

assessed to be good at three months CA but not at preterm and term age.124 Therefore, it was 

unlikely that the diagnostic accuracy of the optimality list used at preterm to early post-term 

age in Paper II, with respect to outcome at three months CA, should be very high. Until more 

studies of the predictive validity of the optimality list have been conducted, the optimality list 

is first and foremost useful as a tool to identify infants with typical or atypical general 

movements. 

6.3.3 Early parent-administered physiotherapy (Paper III)  

Few other RCTs have been conducted with infants before term age with focus specifically on 

motor outcome. The results of previous studies are inconclusive and the aims and the 

interventions have varied as reported in the following discussion. 
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The intervention in the NOPPI was based on a study of Girolami and Campbell.111 The main 

differences between our study and the study of Girolami and Campbell were a much higher 

number of infants included in ours and that the intervention was parent-administrated. 

Assessment just after the end of the intervention demonstrated superior motor function in the 

intervention group as compared to the control group infants in both studies. We involved the 

parents as main practitioners, as in the study of Kaaresen et al.92 who used a modified version 

of “The Mother–Infant Transaction Program” (MITP).91 Kaaresen et al. reported that there was 

no difference between groups, measured by BSID-II mental and motor scale at two years. Since 

we only have short-term outcomes and the fact that there is only a weak association between 

TIMP scores before three months CA and motor development at 12 months64, the group 

difference in the NOPPI might not be obtained for the end-point at 24 months.  

Lekskulchai and Cole investigated the effect of a parent-administrated intervention in a RCT 

of early intervention in moderate preterm born infants.101 The intervention was performed from 

term-equivalent age until four months CA. The short-term result measured by the TIMP 

demonstrated significantly greater improvement in motor function in the intervention group 

compared to the control group (p < 0.001), a result in line with our findings.  

Hielkema et al.134 could not demonstrate such a short-term effect of a new family-centred 

intervention program (COPCA) conducted in infants at very high risk for CP. But the study 

population and the intervention period was different from the NOPPI, as inclusion criteria were 

abnormal GMs at 10 weeks CA, and the intervention lasted from infants CA three to six months.  

Another study of 30 infants also at high risk for CP, demonstrated advanced motor outcome in 

the intervention group as compared to controls.135 In this study the infants were included at 

three to four months if abnormal GMs or other indications of high risk for CP were found. The 
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intervention was based on active motor learning, family-centred care, parent coaching, and 

environmental enrichment, and lasted from enrolment until 12 months CA.  

The meta-analysis of 12 studies included in a recent systematic review by Spittle et al.100 

regarding motor outcome, concluded that there was a small significant effect of early 

intervention in infancy. Our short-term result is in line with this result.  

The interventions in the NOPPI were performed during a sensitive period in the infants’ 

development because of rapid changes in the brain’s structure and function at this age.16, 27, 33 

The criteria for carrying out the intervention were that the infants actively participated, thus the 

intervention might have influenced CNS development and thereby optimised motor function 

which is in line with the description of part of the CNS development being activity-dependent.10, 

29, 30 Furthermore, the parents provided an enriched environment both socially and physically 

when performing the intervention, which also might have influenced CNS development 

positively.32  

The intervention might have led to modifications in the strength of the synaptic connections 

through variable afferent information produced by the infants’ behaviour and experience, in 

line with the Neuronal Group Selection Theory.38, 40 Furthermore, the intervention might have 

influenced the infants’ primary neuronal repertoires which over time might create a task-

specific and variable movement repertoire. Thus, the intervention can also be described as 

belonging to the body functions and structures component according to the ICF-CY model.12 

The fact that part of CNS development is considered to be activity-dependent10, 29, 30 

substantiates the possibility of the parent–administrated intervention in the NOPPI having 

optimised short-term motor function in the intervention group. However, whether the observed 
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differences of changes of scores between the groups is important for health or is biologically 

important is yet unknown.136 
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7. Conclusions 

In this thesis I have demonstrated that the TIMPSI has high test-retest reliability (Paper I) when 

performed in a group of infants at high to moderate risk for later motor impairments. The test 

can be used to screen motor development of infants for whom the full version of the test is too 

demanding. In Paper II, in a small group of very low birth weight infants without severe brain 

lesions, the concurrent validity between “Detailed Assessment of General Movements (GMs) 

During Preterm and Term Age” against global GMA was moderate to high at term and early 

post-term age. Furthermore, the GMOS were able to distinguish between infants with normal 

and poor repertoire GMA at all three ages. However, the predictive validity of the detailed 

assessment for outcome at three months was low.  

In Paper III we have demonstrated that implementing parent-administrated physiotherapy 

before term-equivalent age in medically stable infants resulted in improved short-term motor 

function in the intervention group as compared to the control group.  
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8. Clinical implications 

Being the most valid and reliable measurement tools for assessing motor function in infants, 

the TIMPSI, the TIMP and the GMA should be the preferred tools used at preterm and term 

age. The clinical utility of TIMPSI for identifying infants in need of follow-up seems to be very 

good. The TIMPSI is less demanding for the infants, and performing the TIMPSI as compared 

to the TIMP is less time consuming for the therapist. However, for evaluative or predictive 

purposes the TIMP should be used.8  

Many infants at preterm to early post-term age have poor repertoire GMs. A detailed assessment 

of the GMs by use of the optimality list the “Detailed Assessment of General Movements (GMs) 

during preterm and Term Age” can distinguish between infants with normal or poor repertoire 

GMA and can also possibly identify subtle spontaneous movements which the global 

assessment of GMs does not cover. Its usefulness seems to be best during term and early post-

term age. Since the same video-recording is used for both the detailed and the global GMA, the 

assessment does not involve more stress for the infants. But it is more time consuming for the 

observers as the video-recordings need to be replayed more times. Furthermore, the observers 

need to be certified in the method. The optimality list, until more studies have been conducted, 

is not a tool for predicting long-term motor outcome.  

Implementing parent-administrated intervention in NICU to optimise short-term motor function 

in medically stable infants seems to be useful and feasible for the parents to perform once a day 

when the infants are > 34 weeks PMA. Due to the nature of the intervention the physiotherapists 

and the parents need to speak the same language and the physiotherapists need to be available 

if more than three encounters are needed. The use of a booklet with pictures and written 

explanations seems to reinforce learning of the activities. If offered routinely, this intervention 

might reduce the need of physiotherapy after discharge from hospital. Hence, the results from 
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this RCT could possibly influence the physiotherapy service offered to infants born preterm 

and their parents during the preterm period. 
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9. Future research 

During my doctoral work I have identified new research questions. Inter-tester reliability of the 

TIMPSI in infants at different ages and risk for adverse development has not been assessed. 

Minimal clinical important change documented by TIMP has not yet been established and can 

be a topic for future research. The predictive validity of the “Detailed Assessment of General 

Movements (GMs) during preterm and Term Age” should have been explored in larger scale 

studies with larger and more heterogeneous sample sizes. One question to be addressed, as also 

suggested by Einspieler et al.74, is if this detailed assessment can be used to evaluate subtle 

changes of GMs over time or subtle changes caused by early intervention. The spontaneous 

movements of the infants in the NOPPI have been video-recorded at week 34, 36 and 52 PMA, 

and these data could be used in performing such a study.  

The primary outcome of the NOPPI is motor function at two years CA assessed by PDMS-II. 

This end-point could preferably have been set at an older age for several reasons. Firstly, two-

year-old infants might have difficulties in taking instruction and in cooperating, making the 

assessments less reliable. Secondly evaluating the long-term effect at two years CA can be too 

early, as minor motor difficulties often do not appear before preschool or school age.6 It has 

been suggested that four years of age is the minimum age required to enable investigators to 

distinguish between children with typical and atypical motor development.6 A topic for future 

research could be assessment of motor function of the participants in the NOPPI, at for example 

seven to eight years CA. This would give more information about the long-term effect of early 

intervention. 

Another question that has emerged is if similar intervention as in the NOPPI could be useful 

for other groups of infants at risk for adverse motor development, for example for infants having 
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been exposed to alcohol or drugs during pregnancy. Conducting a study for this group of infants 

would add knowledge to the effect of early physiotherapy.  

 

 

  



 

65 
 

10. References 

1. Moster D, Lie RT, Markestad T. Long-term medical and social consequences of preterm birth. 
N Engl J Med. 2008;359(3):262-273. 

2. Serenius F, Kallen K, Blennow M, Ewald U, Fellman V, Holmstrom G, et al. 
Neurodevelopmental outcome in extremely preterm infants at 2.5 years after active 
perinatal care in Sweden. JAMA. 2013;309(17):1810-1820. 

3. Fawke J. Neurological outcomes following preterm birth. Semin Fetal Neonatal Med. 
2007;12(5):374-382. 

4. Arpino C, Compagnone E, Montanaro ML, Cacciatore D, De Luca A, Cerulli A, et al. Preterm 
birth and neurodevelopmental outcome: a review. Childs Nerv Syst. 2010;26(9):1139-1149. 

5. de Kieviet JF, Piek JP, Aarnoudse-Moens CS, Oosterlaan J. Motor development in very 
preterm and very low-birth-weight children from birth to adolescence: a meta-analysis. 
JAMA. 2009;302(20):2235-2242. 

6. Ferrari F, Gallo C, Pugliese M, Guidotti I, Gavioli S, Coccolini E, et al. Preterm birth and 
developmental problems in the preschool age. Part I: minor motor problems. J Matern Fetal 
Neonatal Med. 2012;25(11):2154-2159. 

7. Markestad T, Halvorsen B. Faglige retningslinjer for oppfølging av for tidlig fødte barn. Oslo: 
Sosial- og helsedirektoratet; 2007. 

8. Campbell SK. The Test of Infant Motor Performance. Test Users' Manual Version 3.0 for the 
TIMP version 5. Chicago Infant Motor Performances Scales, LLC; 2012. 

9. Einspieler C, Prechtl HF, Bos A, Ferrari F, Cioni G. Prechtl´s Method on the Qualitative 
Assessment of General Movements in Preterm, Term and Young Infants. London: Mac Keith 
Press; 2004. 

10. Hadders-Algra M. Early Diagnosis and Early Intervention in Cerebral Palsy. Front Neurol. 
2014;5:185. 

11. Spittle A, Orton J, Anderson P, Boyd R, Doyle LW. Early developmental intervention 
programmes post-hospital discharge to prevent motor and cognitive impairments in preterm 
infants. The Cochrane database of systematic reviews. 2012;12:CD005495. 

12. International Classification of Functioning, Disability and Health. Children and Youth version. 
Geneva: World Health Organization; 2007. 

13. Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller AB, Narwal R, et al. National, 
regional, and worldwide estimates of preterm birth rates in the year 2010 with time trends 
since 1990 for selected countries: a systematic analysis and implications. Lancet. 
2012;379(9832):2162-2172. 

14. Moore GP, Lemyre B, Barrowman N, Daboval T. Neurodevelopmental outcomes at 4 to 8 
years of children born at 22 to 25 weeks' gestational age: a meta-analysis. JAMA Pediatr. 
2013;167(10):967-974. 

15. Vik T, Markestad T, Ahlsten G, Gebre-Medhin M, Jacobsen G, Hoffman HJ, et al. Body 
proportions and early neonatal morbidity in small-for-gestational-age infants of successive 
births. Acta Obstet Gynecol Scand Suppl. 1997;165:76-81. 

16. Volpe JJ. Brain injury in premature infants: a complex amalgam of destructive and 
developmental disturbances. Lancet Neurol. 2009;8(1):110-124. 

17. van Haastert IC, Groenendaal F, Uiterwaal CS, Termote JU, van der Heide-Jalving M, 
Eijsermans MJ, et al. Decreasing incidence and severity of cerebral palsy in prematurely born 
children. J Pediatr. 2011;159(1):86-91 e81. 

18. Stoll BJ, Hansen NI, Bell EF, Shankaran S, Laptook AR, Walsh MC, et al. Neonatal outcomes of 
extremely preterm infants from the NICHD Neonatal Research Network. Pediatrics. 
2010;126(3):443-456. 



 

66 
 

19. Newnham CA, Milgrom J, Skouteris H. Effectiveness of a modified Mother-Infant Transaction 
Program on outcomes for preterm infants from 3 to 24 months of age. Infant Behav Dev. 
2009;32(1):17-26. 

20. Woodward LJ, Moor S, Hood KM, Champion PR, Foster-Cohen S, Inder TE, et al. Very preterm 
children show impairments across multiple neurodevelopmental domains by age 4 years. 
Arch Dis Child Fetal Neonatal Ed. 2009;94(5):F339-344. 

21. Evensen KA, Vik T, Helbostad J, Indredavik MS, Kulseng S, Brubakk AM. Motor skills in 
adolescents with low birth weight. Arch Dis Child Fetal Neonatal Ed. 2004;89(5):F451-455. 

22. Kostovic I, Jovanov-Milosevic N. The development of cerebral connections during the first 20-
45 weeks' gestation. Semin Fetal Neonatal Med. 2006;11(6):415-422. 

23. Tau GZ, Peterson BS. Normal development of brain circuits. Neuropsychopharmacology. 
2010;35(1):147-168. 

24. Volpe JJ. Neurology of the Newborn. 5 ed. Philadelphia: Saunders Elseviers; 2008. 
25. Hadders-Algra M. Putative neural substrate of normal and abnormal general movements. 

Neurosci Biobehav Rev. 2007;31(8):1181-1190. 
26. McQuillen PS, Ferriero DM. Perinatal subplate neuron injury: implications for cortical 

development and plasticity. Brain Pathol. 2005;15(3):250-260. 
27. Herskind A, Greisen G, Nielsen JB. Early identification and intervention in cerebral palsy. Dev 

Med Child Neurol. 2014;57(1):29-36. 
28. de Graaf-Peters VB, Hadders-Algra M. Ontogeny of the human central nervous system: what 

is happening when? Early Hum Dev. 2006;82(4):257-266. 
29. Eyre JA, Taylor JP, Villagra F, Smith M, Miller S. Evidence of activity-dependent withdrawal of 

corticospinal projections during human development. Neurology. 2001;57(9):1543-1554. 
30. Eyre JA. Corticospinal tract development and its plasticity after perinatal injury. Neurosci 

Biobehav Rev. 2007;31(8):1136-1149. 
31. Kinney HC, Brody BA, Kloman AS, Gilles FH. Sequence of central nervous system myelination 

in human infancy. II. Patterns of myelination in autopsied infants. J Neuropathol Exp Neurol. 
1988;47(3):217-234. 

32. Cioni G, Inguaggiato E, Sgandurra G. Early intervention in neurodevelopmental disorders: 
underlying neural mechanisms. Dev Med Child Neurol. 2016;58 Suppl 4:61-66. 

33. Nakagawa H, Iwasaki S, Kichikawa K, Fukusumi A, Taoka T, Ohishi H, et al. Normal 
myelination of anatomic nerve fiber bundles: MR analysis. AJNR Am J Neuroradiol. 
1998;19(6):1129-1136. 

34. VanSant AF. Life-span motor development. In: Lister M, editor. Contemporary managment of 
motor control problems Proceedings of the II Step Conference. Virginia: Bookcrafters; 1991. p. 
77 - 83. 

35. Gallahue D, Ozumun J. Understanding Motor Development. Fourth ed. New York: Mcgraw-
Hill; 1998. 

36. Schmidt RA, Lee TD. Motor Control and Learning: A Behavioral Emphasis. 5 ed. Champaign, 
U.S: Human Kinetics; 2011. 

37. Campbell SK, Palisano RJ, Orlin MN. Physical Therapy for children. 4 ed. St. Louis: Elsevier 
Saunders 2012. 

38. Hadders-Algra M. The neuronal group selection theory: promising principles for 
understanding and treating developmental motor disorders. Dev Med Child Neurol. 
2000;42(10):707-715. 

39. Thelen E. Motor development. A new synthesis. Am Psychol. 1995;50(2):79-95. 
40. Edelman GM. Neural Darwinism: selection and reentrant signaling in higher brain function. 

Neuron. 1993;10(2):115-125. 
41. Sameroff A. The transactional model. In: Sameroff A, editor. How children and contexts shape 

each other: American Psychological Association; 2009. 



 

67 
 

42. Hadders-Algra M. General movements: A window for early identification of children at high 
risk for developmental disorders. J Pediatr. 2004;145(2 Suppl):S12-18. 

43. Portney LG, Watkins MP. Foundations of Clinical Research: Applications to Practice. Upper 
Saddle River: Pearson Prentice Hall; 2009. 

44. Finch E, Brooks D, Stratford P, Mayo N. Physical rehabilitation outcome measures: a guide 

to enhanced clinical decision making. 2nd ed. Philadelphia Lippincott Williams and Wilkins 

2002. 
45. Spittle AJ, Doyle LW, Boyd RN. A systematic review of the clinimetric properties of 

neuromotor assessments for preterm infants during the first year of life. Dev Med Child 
Neurol. 2008;50(4):254-266. 

46. Heineman KR, Hadders-Algra M. Evaluation of neuromotor function in infancy-A systematic 
review of available methods. J Dev Behav Pediatr. 2008;29(4):315-323. 

47. Noble Y, Boyd R. Neonatal assessments for the preterm infant up to 4 months corrected age: 
a systematic review. Dev Med Child Neurol. 2012;54(2):129-139. 

48. Piper M, Darrah J. Motor Assessment of the developing infant. Philadelphia: W.B. Saunders 
Company, A Division of Harcourt Brace and Company.; 1994. 

49. Bayley N. Bayley Scales of Infant and Toddler Development. 3 ed. San Antonio: Harcourt 
Assessment, Inc.; 2005. 

50. Heineman KR, Bos AF, Hadders-Algra M. The Infant Motor Profile: a standardized and 
qualitative method to assess motor behaviour in infancy. Dev Med Child Neurol. 
2008;50(4):275-282. 

51. Chandler LS, Andrew MS, Swanson MW, Larson AH. Movement Assessment of Infants: A 
Manual. Rolling Bay, Washington1980. 

52. Burns YR, Ensbey RM, Norrie MA. The Neuro-sensory Motor Developmental Assessment Part 
1: Development and Administration of the Test. Aust J Physiother. 1989;35(3):141-149. 

53. Folio MR, Fewell R. Peabody Developmental Motor Scales. 2nd ed. Austin: PsychCorp; 2000. 
54. Case-Smith J, Bigsby R. Posture and Fine Motor Assessment of Infants. San Antonio: Therapy 

Skill Builders; 2000. 
55. Persson K, Stromberg B. A protocol for structured observation of motor performance in 

preterm and term infants. Ups J Med Sci. 1993;98(1):65-76. 
56. Miller LJ, Roid GH. The TIME Toddler and Infantr Motor Evaluation, a Standardized 

Assessment. San Antonio: Therapy Skill Builders; 1994. 
57. Henderson S, Sugden D, Barnett D. Movement Assessment Battery for Children-2, Second 

Edition (Movement ABC-2), Examiner's Manual. 2 ed. London: Harcort Assessment; 2007. 
58. Bruininks RH, Bruininks BD. Bruininks-Oseretsky Test of Motor Proficiency, Second Edition: 

Pearsons Education; 2010. 
59. Campbell SK, Hedeker D. Validity of the Test of Infant Motor Performance for discriminating 

among infants with varying risk for poor motor outcome. J Pediatr. 2001;139(4):546-551. 
60. Campbell SK, Levy P, Zawacki L, Liao PJ. Population-based age standards for interpreting 

results on the test of motor infant performance. Pediatr Phys Ther. 2006;18(2):119-125. 
61. Kolobe TH, Bulanda M, Susman L. Predicting motor outcome at preschool age for infants 

tested at 7, 30, 60, and 90 days after term age using the Test of Infant Motor Performance. 
Phys Ther. 2004;84(12):1144-1156. 

62. Campbell SK. Test-Retest reliability of the Test of Infant Motor Performance. Pediatr Phys 
Ther. 1999;11(2):60-66. 

63. Campbell SK, Kolobe TH, Osten ET, Lenke M, Girolami GL. Construct validity of the test of 
infant motor performance. Phys Ther. 1995;75(7):585-596. 

64. Campbell SK, Kolobe TH, Wright BD, Linacre JM. Validity of the Test of Infant Motor 
Performance for prediction of 6-, 9- and 12-month scores on the Alberta Infant Motor Scale. 
Dev Med Child Neurol. 2002;44(4):263-272. 



 

68 
 

65. Campbell SK, Swanlund A, Smith E, Liao PJ, Zawacki L. Validity of the TIMPSI for estimating 
concurrent performance on the test of infant motor performance. Pediatr Phys Ther. 
2008;20(1):3-10. 

66. Prechtl HF, Einspieler C, Cioni G, Bos AF, Ferrari F, Sontheimer D. An early marker for 
neurological deficits after perinatal brain lesions. Lancet. 1997;349(9062):1361-1363. 

67. Ferrari F, Cioni G, Prechtl HF. Qualitative changes of general movements in preterm infants 
with brain lesions. Early Hum Dev. 1990;23(3):193-231. 

68. Prechtl HF. General movement assessment as a method of developmental neurology: new 
paradigms and their consequences. The 1999 Ronnie MacKeith lecture. Dev Med Child 
Neurol. 2001;43(12):836-842. 

69. Spittle AJ, Boyd RN, Inder TE, Doyle LW. Predicting motor development in very preterm 
infants at 12 months' corrected age: the role of qualitative magnetic resonance imaging and 
general movements assessments. Pediatrics. 2009;123(2):512-517. 

70. Bosanquet M, Copeland L, Ware R, Boyd R. A systematic review of tests to predict cerebral 
palsy in young children. Dev Med Child Neurol. 2013;55(5):418-426. 

71. Xie K, Zheng H, Li H, Zhang C, Li H, Jin H, et al. The Study of Effect for General Movements 
Assessment in the Diagnosis of Neurological Development Disorders: A Meta-Analysis. Clin 
Pediatr (Phila). 2016;55(1):36-43. 

72. De Vries N, Bos A. The motor repertoire of extremely low-birthweight infants at term in 
relation to their neurological outcome. Dev Med Child Neurol. 2011;53(10):933-937. 

73. Nakajima Y, Einspieler C, Marschik PB, Bos AF, Prechtl HF. Does a detailed assessment of poor 
repertoire general movements help to identify those infants who will develop normally? 
Early Hum Dev. 2006;82(1):53-59. 

74. Einspieler C, Marschik PB, Pansy J, Scheuchenegger A, Krieber M, Yang H, et al. The general 
movement optimality score: a detailed assessment of general movements during preterm 
and term age. Dev Med Child Neurol. 2016;58(4):361-368. 

75. Bruggink JL, Einspieler C, Butcher PR, Van Braeckel KN, Prechtl HF, Bos AF. The quality of the 
early motor repertoire in preterm infants predicts minor neurologic dysfunction at school 
age. J Pediatr. 2008;153(1):32-39. 

76. Bruggink JL, Einspieler C, Butcher PR, Stremmelaar EF, Prechtl HF, Bos AF. Quantitative 
aspects of the early motor repertoire in preterm infants: do they predict minor neurological 
dysfunction at school age? Early Hum Dev. 2009;85(1):25-36. 

77. Fjortoft T, Grunewaldt KH, Lohaugen GC, Morkved S, Skranes J, Evensen KA. Assessment of 
motor behaviour in high-risk-infants at 3 months predicts motor and cognitive outcomes in 
10 years old children. Early Hum Dev. 2013;89(10):787-793. 

78. Kodric J, Sustersic B, Paro-Panjan D. Assessment of general movements and 2.5 year 
developmental outcomes: pilot results in a diverse preterm group. Eur J Paediatr Neurol. 
2010;14(2):131-137. 

79. Einspieler C, Prechtl HF. Prechtl's assessment of general movements: a diagnostic tool for the 
functional assessment of the young nervous system. Ment Retard Dev Disabil Res Rev. 
2005;11(1):61-67. 

80. Surveillance of Cerebral Palsy in E. Surveillance of cerebral palsy in Europe: a collaboration of 
cerebral palsy surveys and registers. Surveillance of Cerebral Palsy in Europe (SCPE). Dev Med 
Child Neurol. 2000;42(12):816-824. 

81. Marlow N, Wolke D, Bracewell MA, Samara M, Group EPS. Neurologic and developmental 
disability at six years of age after extremely preterm birth. N Engl J Med. 2005;352(1):9-19. 

82. Platt MJ, Cans C, Johnson A, Surman G, Topp M, Torrioli MG, et al. Trends in cerebral palsy 
among infants of very low birthweight (<1500 g) or born prematurely (<32 weeks) in 16 
European centres: a database study. Lancet. 2007;369(9555):43-50. 

83. Husby IM, Skranes J, Olsen A, Brubakk AM, Evensen KA. Motor skills at 23 years of age in 
young adults born preterm with very low birth weight. Early Hum Dev. 2013;89(9):747-754. 



 

69 
 

84. Fallang B, Hadders-Algra M. Postural behavior in children born preterm. Neural Plast. 
2005;12(2-3):175-182; discussion 263-172. 

85. Fallang B, Oien I, Hellem E, Saugstad OD, Hadders-Algra M. Quality of reaching and postural 
control in young preterm infants is related to neuromotor outcome at 6 years. Pediatr Res. 
2005;58(2):347-353. 

86. Lorefice LE, Galea MP, Clark RA, Doyle LW, Anderson PJ, Spittle AJ. Postural control at 4 years 
in very preterm children compared with term-born peers. Dev Med Child Neurol. 2014:n/a-
n/a. 

87. Bonnier C. Evaluation of early stimulation programs for enhancing brain development. Acta 
Paediatr. 2008;97(7):853-858. 

88. Als H, Duffy FH, McAnulty GB, Rivkin MJ, Vajapeyam S, Mulkern RV, et al. Early experience 
alters brain function and structure. Pediatrics. 2004;113(4):846-857. 

89. Als H, Duffy FH, McAnulty G, Butler SC, Lightbody L, Kosta S, et al. NIDCAP improves brain 
function and structure in preterm infants with severe intrauterine growth restriction. J 
Perinatol. 2012;32(10):797-803. 

90. Kaaresen PI, Rønning JA, Ulvund SE, Dahl LB. A randomized, controlled trial of the 
effectiveness of an early-intervention program in reducing parenting stress after preterm 
birth. Pediatrics. 2006;118(1):e9-19. 

91. Rauh VA, Nurcombe B, Achenbach T, Howell C. The Mother-Infant Transaction Program. The 
content and implications of an intervention for the mothers of low-birthweight infants. Clin 
Perinatol. 1990;17(1):31-45. 

92. Kaaresen PI, Ronning JA, Tunby J, Nordhov SM, Ulvund SE, Dahl LB. A randomized controlled 
trial of an early intervention program in low birth weight children: outcome at 2 years. Early 
Hum Dev. 2008;84(3):201-209. 

93. Olafsen KS, Kaaresen PI, Handegard BH, Ulvund SE, Dahl LB, Ronning JA. Maternal ratings of 
infant regulatory competence from 6 to 12 months: influence of perceived stress, birth-
weight, and intervention: a randomized controlled trial. Infant Behav Dev. 2008;31(3):408-
421. 

94. Nordhov SM, Ronning JA, Dahl LB, Ulvund SE, Tunby J, Kaaresen PI. Early intervention 
improves cognitive outcomes for preterm infants: randomized controlled trial. Pediatrics. 
2010;126(5):e1088-1094. 

95. van Praag H, Kempermann G, Gage FH. Neural consequences of environmental enrichment. 
Nat Rev Neurosci. 2000;1(3):191-198. 

96. Bengoetxea H, Ortuzar N, Bulnes S, Rico-Barrio I, Lafuente JV, Argandona EG. Enriched and 
deprived sensory experience induces structural changes and rewires connectivity during the 
postnatal development of the brain. Neural Plast. 2012;2012:305693. 

97. Morgan C, Novak I, Badawi N. Enriched environments and motor outcomes in cerebral palsy: 
systematic review and meta-analysis. Pediatrics. 2013;132(3):e735-746. 

98. Lobo MA, Galloway JC. Enhanced handling and positioning in early infancy advances 
development throughout the first year. Child Dev. 2012;83(4):1290-1302. 

99. Lee HM, Galloway JC. Early intensive postural and movement training advances head control 
in very young infants. Phys Ther. 2012;92(7):935-947. 

100. Spittle A, Orton J, Anderson PJ, Boyd R, Doyle LW. Early developmental intervention 
programmes provided post hospital discharge to prevent motor and cognitive impairment in 
preterm infants. The Cochrane database of systematic reviews. 2015;11:CD005495. 

101. Lekskulchai R, Cole J. Effect of a developmental program on motor performance in infants 
born preterm. Aust J Physiother. 2001;47(3):169-176. 

102. Vanderveen JA, Bassler D, Robertson CM, Kirpalani H. Early interventions involving parents to 
improve neurodevelopmental outcomes of premature infants: a meta-analysis. J Perinatol. 
2009;29(5):343-351. 



 

70 
 

103. Holditch-Davis D, White-Traut RC, Levy JA, O'Shea TM, Geraldo V, David RJ. Maternally 
administered interventions for preterm infants in the NICU: effects on maternal 
psychological distress and mother-infant relationship. Infant Behav Dev. 2014;37(4):695-710. 

104. Ravn IH, Smith L, Lindemann R, Smeby NA, Kyno NM, Bunch EH, et al. Effect of early 
intervention on social interaction between mothers and preterm infants at 12 months of age: 
a randomized controlled trial. Infant Behav Dev. 2011;34(2):215-225. 

105. White-Traut R, Norr KF, Fabiyi C, Rankin KM, Li Z, Liu L. Mother-infant interaction improves 
with a developmental intervention for mother-preterm infant dyads. Infant Behav Dev. 
2013;36(4):694-706. 

106. Als H, Butler S, Kosta S, McAnulty G. The Assessment of Preterm Infants' Behavior (APIB): 
furthering the understanding and measurement of neurodevelopmental competence in 
preterm and full-term infants. Ment Retard Dev Disabil Res Rev. 2005;11(1):94-102. 

107. Benzies KM, Magill-Evans JE, Hayden KA, Ballantyne M. Key components of early intervention 
programs for preterm infants and their parents: a systematic review and meta-analysis. BMC 
Pregnancy Childbirth. 2013;13 Suppl 1:S10. 

108. Evans T, Whittingham K, Sanders M, Colditz P, Boyd RN. Are parenting interventions effective 
in improving the relationship between mothers and their preterm infants? Infant Behav Dev. 
2014;37(2):131-154. 

109. Bretherton I. The origins of attachment theory: John Bowlby and Mary Ainsworth. Dev 
Psychol. 1992;28(5):759-775. 

110. Øberg GK, Campbell SK, Girolami GL, Ustad T, Jørgensen L, Kaaresen PI. Study protocol: an 
early intervention program to improve motor outcome in preterm infants: a randomized 
controlled trial and a qualitative study of physiotherapy performance and parental 
experiences. BMC Pediatr. 2012;12:15. 

111. Girolami GL, Campbell SK. Efficacy of a Neuro-Developmental Treatment program to improve 
motor control in infants born prematurely. Pediatr Phys Ther. 1994;6:175-184. 

112. Moe-Nilssen R. A method for reliability analysis of speed-related repeated measures gait 
data. Gait Posture. 2011;33(2):297-299. 

113. Bland JM, Altman DG. Measurement error. BMJ. 1996;312(7047):1654. 
114. Bland JM, Altman DG. Statistical methods for assessing agreement between two methods of 

clinical measurement. Lancet. 1986;1(8476):307-310. 
115. Rabe-Hesketh S, Skrondal A. Multilevel and Longitudinal Modeling using Stata. 3 ed. Texas: 

Stata Corp LP; 2012. 
116. Roberts C, Torgerson DJ. Understanding controlled trials: baseline imbalance in randomised 

controlled trials. BMJ. 1999;319(7203):185. 
117. de Boer MR, Waterlander WE, Kuijper LD, Steenhuis IH, Twisk JW. Testing for baseline 

differences in randomized controlled trials: an unhealthy research behavior that is hard to 
eradicate. Int J Behav Nutr Phys Act. 2015;12:4. 

118. Lydersen S. Statistical review: frequently given comments. Ann Rheum Dis. 2015;74(2):323-
325. 

119. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, Devereaux PJ, et al. CONSORT 2010 
Explanation and Elaboration: Updated guidelines for reporting parallel group randomised 
trials. J Clin Epidemiol. 2010;63(8):e1-37. 

120. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, Devereaux PJ, et al. CONSORT 2010 
explanation and elaboration: updated guidelines for reporting parallel group randomised 
trials. Int J Surg. 2012;10(1):28-55. 

121. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting 
parallel group randomised trials. Int J Surg. 2011;9(8):672-677. 

122. Ustad T, Helbostad JL, Campbell SK, Girolami GL, Jørgensen L, Øberg GK, et al. Test–retest 
reliability of the Test of Infant Motor Performance Screening Items in infants at risk for 
impaired functional motor performance. Early Hum Dev. 2016;93:43-46. 



 

71 
 

123. Mutlu A, Einspieler C, Marschik PB, Livanelioglu A. Intra-individual consistency in the quality 
of neonatal general movements. Neonatology. 2008;93(3):213-216. 

124. Darsaklis V, Snider LM, Majnemer A, Mazer B. Predictive validity of Prechtl's Method on the 
Qualitative Assessment of General Movements: a systematic review of the evidence. Dev 
Med Child Neurol. 2011;53(10):896-906. 

125. Krosschell KJ, Maczulski JA, Scott C, King W, Hartman JT, Case LE, et al. Reliability and validity 
of the TIMPSI for infants with spinal muscular atrophy type I. Pediatr Phys Ther. 
2013;25(2):140-148; discussion 149. 

126. Cameron EC, Maehle V, Reid J. The effects of an early physical therapy intervention for very 
preterm, very low birth weight infants: a randomized controlled clinical trial. Pediatr Phys 
Ther. 2005;17(2):107-119. 

127. Dusing SC, Brown SE, Van Drew CM, Thacker LR, Hendricks-Munoz KD. Supporting Play 
Exploration and Early Development Intervention From NICU to Home: A Feasibility Study. 
Pediatr Phys Ther. 2015;27(3):267-274. 

128. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater reliability. Psychol Bull. 
1979;86(2):420-428. 

129. Hanley JA, McNeil BJ. The meaning and use of the area under a receiver operating 
characteristic (ROC) curve. Radiology. 1982;143(1):29-36. 

130. Akl EA, Briel M, You JJ, Sun X, Johnston BC, Busse JW, et al. Potential impact on estimated 
treatment effects of information lost to follow-up in randomised controlled trials (LOST-IT): 
systematic review. BMJ. 2012;344:e2809. 

131. Hennekens CH, Buring JE. Epidemiology in medicine. Philadelphia, USA: Lippincott Williams & 
Wilkins; 1987. 

132. Pannucci CJ, Wilkins EG. Identifying and Avoiding Bias in Research. Plast Reconstr Surg. 
2010;126(2):619-625. 

133. Ottenbacher KJ, Tomchek SD. Reliability analysis in therapeutic research: practice and 
procedures. Am J Occup Ther. 1993;47(1):10-16. 

134. Hielkema T, Blauw-Hospers CH, Dirks T, Drijver-Messelink M, Bos AF, Hadders-Algra M. Does 
physiotherapeutic intervention affect motor outcome in high-risk infants? An approach 
combining a randomized controlled trial and process evaluation. Dev Med Child Neurol. 
2011;53(3):e8-15. 

135. Morgan C, Novak I, Dale RC, Guzzetta A, Badawi N. Single blind randomised controlled trial of 
GAME (Goals - Activity - Motor Enrichment) in infants at high risk of cerebral palsy. Res Dev 
Disabil. 2016;55:256-267. 

136. Hill AB. The environment and disease: association or causation? 1965. J R Soc Med. 
2015;108(1):32-37. 

137. Blauw-Hospers CH, Dirks T, Hulshof LJ, Bos AF, Hadders-Algra M. Pediatric physical therapy in 
infancy: from nightmare to dream? A two-arm randomized trial. Phys Ther. 2011;91(9):1323-
1338. 

138. Bao X, Sun S, Wei S. Early intervention promotes intellectual development of premature 
infants: a preliminary report. Early Intervention of Premature Infants Cooperative Research 
Group. Chin Med J (Engl). 1999;112(6):520-523. 

139. Wu YC, Leng CH, Hsieh WS, Hsu CH, Chen WJ, Gau SS, et al. A randomized controlled trial of 
clinic-based and home-based interventions in comparison with usual care for preterm 
infants: effects and mediators. Res Dev Disabil. 2014;35(10):2384-2393. 

140. Johnson S, Whitelaw A, Glazebrook C, Israel C, Turner R, White IR, et al. Randomized trial of a 
parenting intervention for very preterm infants: outcome at 2 years. J Pediatr. 
2009;155(4):488-494. 

141. Koldewijn K, Wolf MJ, van Wassenaer A, Meijssen D, van Sonderen L, van Baar A, et al. The 
Infant Behavioral Assessment and Intervention Program for very low birth weight infants at 6 
months corrected age. J Pediatr. 2009;154(1):33-38 e32. 



 

72 
 

142. Kyno NM, Ravn IH, Lindemann R, Fagerland MW, Smeby NA, Torgersen AM. Effect of an early 
intervention programme on development of moderate and late preterm infants at 36 
months: a randomized controlled study. Infant Behav Dev. 2012;35(4):916-926. 

143. Ohgi S, Fukuda M, Akiyama T, Gima H. Effect of an early intervention programme on low 
birthweight infants with cerebral injuries. J Paediatr Child Health. 2004;40(12):689-695. 

144. Spittle AJ, Anderson PJ, Lee KJ, Ferretti C, Eeles A, Orton J, et al. Preventive care at home for 
very preterm infants improves infant and caregiver outcomes at 2 years. Pediatrics. 
2010;126(1):e171-178. 

145. Spittle AJ, Ferretti C, Anderson PJ, Orton J, Eeles A, Bates L, et al. Improving the outcome of 
infants born at <30 weeks' gestation--a randomized controlled trial of preventative care at 
home. BMC Pediatr. 2009;9:73. 

146. Teti D, Black M, Viscardi R, Glass P, O'Connell, Baker I, et al. Intervention with African 
American premature infants four-month results of an early intervention program. Journal of 
Early Intervention. 2009;31(2):146-166. 

147. Hielkema T, Hamer EG, Reinders-Messelink HA, Maathuis CG, Bos AF, Dirks T, et al. LEARN 2 
MOVE 0-2 years: effects of a new intervention program in infants at very high risk for 
cerebral palsy; a randomized controlled trial. BMC Pediatr. 2010;10:76. 

148. Carswell A, McColl MA, Baptiste S, Law M, Polatajko H, Pollock N. The Canadian Occupational 
Performance Measure: a research and clinical literature review. Can J Occup Ther. 
2004;71(4):210-222. 

149. Russell D, Rosenbaum P, Avery L, Lane M. Gross Motor Function Measure, GMFM-66 & 
GMFM-88, User’s Manual. London: Mac Keith Press; 2002. 

150. Brazelton TB, Nugent JK. Neonatal Behavioral Assessment Scale. 3 ed. Suffolk, England: Mac 
Keith Press; 2001. 

151. Mayston M. Physiotherapy management in cerebral palsy: An update on treatment 
approaches. In: Scrutton D, Damiano D, Mayston M, editors. Management of the motor 
disorder of children with cerebral palsy Second ed. London: Mc Keith Press; 2004. p. 147-160. 

152. Haley SM, Coster WJ, Ludlow LH, T. HJ, Andrellos PJ. Pediatric Evaluation of Disability 
Inventory (PEDI). Development, standardization and administration manual. Boston1992. 

 


