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positive to mammy’s everlasting student life.
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 Pediatric physical therapy: 

the official publication of the Section on Pediatrics of the American Physical Therapy 

Association. 2010;22(2):150-159. doi: 10.1097/PEP.0b013e3181dbe379 

Disability and 

Rehabilitation

 

Physical and Occupational Therapy in Pediatrics 2018; May 

1:1-14. doi: 10.1080/01942638.2018.1462288. [Epub ahead of print] 

Developmental Medicine & 

Child Neurology. 2017;59:4-45. 
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Neurodevelopmental treatment (“Bobath”)
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In Study 1 

Study 2 and 3

udy 2

In Study 3 
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The children’s 
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the average gross motor 

progress 

enhanced gross motor progress
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spastic dyskinetic ataxic

“Cerebral Palsy (CP) describes a group of permanent disorders of the development 

of movement and posture causing activity limitation that are attributed to non-

progressive disturbances that occurred in the developing fetal or infant brain. The 

motor disorders of cerebral palsy are often accompanied by disturbances of 

sensation, perception, cognition, communication, and behavior; by epilepsy, and by 

secondary musculoskeletal problems”. 
Rosenbaum et al. 2007 (page 9)  
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The Royal Children’s Hospital Melbourne 
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of the five levels most closely resembles a child’s gross motor 
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Gross Motor Function implies using large groups of muscles for maintaining balance, 

change positions, and mobility; for example holding head in midline, sitting, crawling, 

sit-to-stand, standing, walking, running, and jumping.  

Russel et al 2013 
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Impairments activity 

limitations

participation restrictions

direct perception, the child’s arousal and motivation, energetic and elastic 

“Motor control is defined as the ability to regulate or direct the mechanisms essential 

to movement.” 
Shumway-Cook & Woollacott 2012 (page 4) 
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’ experience have

“Motor development refers to the continuous age-related process of change in 

movement as well as the interacting constraints (or factors) in the individual, 

environment, and tasks that drive these changes.” 

Haywood & Getchell 2014 (page 5) 
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Neuronal group selection theory (NGST) 
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..a set of processes

associated with practice or experience

relatively permanent changes in capability for motor skill

entile’s two

Motor learning can be defined as “a set of internal processes associated with 

practice or experience leading to relatively permanent changes in the capability for 

motor skill.” 

Schmidt & Lee 2011
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temporary deviations within the range of each child’s 
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child’s coping strategies,

Cross-sectional studies 

Longitudinal studies 
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Short-term study, Paper 2 
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Long-term study, Paper 3 
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Inclusion and exclusion  
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make it possible to evaluate crudely children’s gross 

children’s gross motor function within
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assessment and for tracking a child’s motor ability over time

each child’s functional cha
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“better gross motor functions outdoor ” or specific

“walk down the stairs in the kindergarten without help ” 

“ ”

Frequency/duration

Time:

Location:

Staff:

Group sessions:

based on the children’s interests and designed with the goals in mind

Individual sessions:

Supervising:
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parents’ descriptions of the child’s

directly to the children’s 

de information about each child’
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Time-independent variables: CP type, 
GMFCS, sex, epilepsy, associated health 
conditions; intellectual, speech, eating, 

visual and hearing problems.

Time-dependent variables (repeated measurements): 
GMFM-66 percentiles, age, pain, ROM, 

Treatment related variables, and physical activity.

Children 
with CP
N=442

2048 
assessments2 years 12 years
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Time-independent variables 

Combined information: If  5 years:  

disability = “intellectual disability”
2. Otherwise, “not intellectual 
disability” 

3. “Intellectual ability unknown”

If  5 years: 

speech classified as “not
understandable speech”
2. Otherwise, “understandable speech” 

3. “Speech problems unknown”

1. “Severe visual and/or severe hearing 
problem”
2. If else, “not severe visual and /or 
hearing problem” 

Time-dependent variables (repeated measurements) 

Hip

knee

ankle 

“Contracture or no contracture” 

 3 sessions a week 

“intensive training” Otherwise, “not 
training” Dichotomous
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Prerequisites for analytical method 
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Missing data 
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Short-term study, Paper 2 

assessments (  percentiles) as 

(  

Long-term study, Paper 3 
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66 percentiles (mean 3.3 percentiles; 95% CI: 1.0, 5.5 per period of  3 sessions 
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“ ”
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Design  
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Study participants  

                                                           
G 
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Measurements 
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Confounding 

related to the child’s coping strategies

Chance (random error) 
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children’s

Analytical approach 

Handling age and GMFCS level 

 age 
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External validity 
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Goals 
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children’s time? 

all children with CP

if gross motor progress is prioritized. 
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there is “insufficient

dose therapy”



the child’s 



Aim 

Design and participants 

child’s 



Inclusion and exclusion 

Measures 



Dependent variable 

(  p

Physical and Occupational Therapy in Pediatrics



Independent variables 

Physical therapy frequency. 

Contractures in lower limbs. 

Other independent variables. Pain was classified as “present” or “not present” at each 

“ ” “

intervention” classified as “yes” 

or “no” 

“intellectual disability” (including moderate to severe intellectual disability) or “

intellectual disability” (no or minor intellectual disability). 



oint scale and dichotomized into “understandable speech” or “not understandable speech”. 

Eating problems were dichotomized as “present” or “not present”

and recoded as “sever

hearing problem” or “not severe visual and/or hearing problem”

“present” or “not present” 

Statistics  

“S ”

“intellectual disability” (r=0.8

between two subsequent assessments (  percentiles) as dependent variable. The possibility of 



be chosen based on scanning the data were applied, leading to the use of the “Fully 

Conditional Specification Method.” 



Ethics 

Physical therapy frequency 

Gross motor improvement in general 

Association between physical therapy frequency and gross motor improvement 







Strengths and limitations 



Conclusion 









Sex 

CP type 

GMFCS level 

Intellectual ability  

Missing (children  5 years)
Speech  

Missing (children  5 years)
Eating problems

Sensory problems

Epilepsy 

Additional diagnosis 

Totals 

Intellectual ability and speech only assessed in children aged 
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aged 4–18 years followed in our tertiary pediatric neuroreha-

bilitation clinic, and to school-aged children of a representa-

tive sample of regional primary and secondary schools.

Healthy participant data allowed us to set pathological sleep

score thresholds (T-score ≥70).

Results: We collected 245 MD and 2891 general population

responses (response rates 37% and 26%). Children with a

MD had significantly more frequent pathological sleep in the

SDSC total score (7% vs 1.9%, OR 3.98, 95% CI 2.17–7.27,

p<0.001) and in the SDSC subscores (disorders of sleep-

related breathing, 9.9% vs 2%, OR 5.30, 95% CI 3.23–8.69,

p<0.001), except for disorders of arousal. Non-walker status,

tube feeding, drug-resistant epilepsy and severe/profound

intellectual disability all had a positive significant association

with a pathological sleep in the MD population.

Conclusion: This population-based study provided an estimate

of the prevalence of sleep disorders in children with MD.

Sleep disorders were significantly more frequent in children

with MD, but with lower frequencies than previously

reported.

Oral presentation 19

In vitro fertilization procedures do not affect

neurological condition at 9 years

M DRENTH OLIVARES1, AN BENNEMA2, DB KUIPER2,

KR HEINEMAN2, MJ HEINEMAN3, M HADDERS-ALGRA2

1University Medical Center Groningen, Groningen, The Netherlands;
2University of Groningen, Groningen, The Netherlands; 3University of

Amsterdam, Amsterdam, The Netherlands

Introduction: Little is known on the long-term effects of

in vitro fertilization (IVF) on the offspring’s neurological con-

dition. Previous research showed that IVF procedures are not

associated with early neurological outcome. The present study

aims to determine the effect of IVF on neurological outcome

at 9 years.

Patients and method: Participants were singletons of the

Groningen Assisted Reproductive Technologies cohort study,

consisting at birth of three groups: (1) controlled ovarian

hyperstimulation-IVF (COH-IVF n=68), (2) modified natural

cycle-IVF (MNC-IVF n=57) and (iii) children naturally con-

ceived to subfertile couples (Sub-NC n=90). Children were

neurologically assessed at 9 years, focusing on minor neuro-

logical dysfunction (MND). Outcome was expressed in terms

of the clinically relevant form of MND (complex MND

[cMND]) and the neurological optimality score (NOS). Multi-

variable statistics were performed to adjust for confounders.

Results: At 9 years, 78.6% of children were assessed. cMND

occurred in 17 (30%), 19 (41%) and 23 (35%) of the COH-

IVF, MNC-IVF and Sub-NC groups. These prevalences are

substantially higher than reported in the general population

(5–6%). The median NOS scores were similar, i.e., 53 points.

Univariable and multivariable statistics indicated that neuro-

logical outcome in the three groups was similar. The adjusted

ORs for cMND of ovarian hyperstimulation (COH-IVF vs

MNC-IVF) was 0.736 (95% CI 0.291–1.862), that of the

in vitro procedures (MNC-IVF vs Sub-NC) 1.281 (95% CI

0.548–2.993).

Conclusion: IVF procedure was not found to affect neurological

outcome at school age. However, the prevalence of cMND in

the offspring of subfertile couples is substantially higher than

that in the general population.

Oral presentation 20

Longitudinal impact of treatments and child-

related variables on gross motor progress in

children with cerebral palsy: a prospective

cohort study of reference percentiles of GMFM-66

GV STØRVOLD1, RB JAHNSEN2, KA EVENSEN3,

UK ROMILD1, GH BRATBERG3

1Nord Trondelag Health Trust, Levanger, Norway; 2Oslo University Hospital,

Oslo, Norway; 3Norwegian University of Science and Technology,

Trondheim, Norway

Introduction: Intensive functional physical therapy has shown

effect on gross motor function in children with cerebral palsy

(CP), but it is still unclear if the same yields for interventions

targeting impairments. It is also unclear how impairments and

associated problems are associated with gross motor progress

during childhood. The purpose of this study is therefore to

investigate to what extent treatments during childhood – in

particular, intensive training – are associated with gross motor

progress in children with CP when other available factors have

been taken into account.

Patients and method: Prospective cohort study based on register

data at 5 years from the Cerebral Palsy Register of Norway

(CPRN) and repeated measurements between 2 and 12 years

from the CP follow-up program (CPOP). In all 442 children

with a total of 2048 assessments participated. Outcome mea-

sure was GMFM-66 reference percentiles, while treatment

and child characteristics were independent variables in a

Mixed Linear Model.

Results: Intensive training was positively associated with gross

motor progress (3.3 percentiles 95% CI: 1.0, 5.5) when con-

trolled for intellectual disability, eating problems and ankle

contractures. Intellectual disability was negatively associated

with gross motor progress (�24.2 percentiles 95% CI �33.2

to �15.2). There were no interactions between intensive train-

ing or intellectual disability and other factors.

Conclusion: Our findings that intensive training was associated

with gross motor progress independent of other factors under-

scores the importance of offering intensive training to all chil-

dren with CP. Not having an intellectual disability seems to

be the most important success factor for gross motor pro-

gress.
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