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Population

GMFCS E & R mellem 6 og 12 år: Beskrivelser og illustrationer

GMFCS niveau V 
Børnene transporteres i en manuel kørestol i alle 
omgivelser. Børnene er begrænsede i evnen til at 
holde hovedet og kroppens stillinger oppe imod 
tyngden og de er begrænsede i styringen af 
bevægelserne i ben og arme.

GMFCS niveau IV
Børnene bevæger sig omkring i de fleste omgivelser 
ved hjælp af fysisk støtte eller ved brug af el-
kørestol. De kan måske gå omkring på korte distancer 
i hjemmet når de får fysisk støtte, når de er placeret 
i kropsstøttende gangredskab eller de bruger el-
kørestol. I skolen, udenfor og i nærmiljøet 
transporteres børnene i en manuel kørestol eller de 
anvender en el-kørestol.

GMFCS niveau III
Børnene går ved brug af håndholdt gangredskab i de 
fleste indendørs omgivelser. De kan måske gå på 
trapper, når de holder ved gelænder, med 
supervision eller støtte. Børnene bruger kørestol på 
længere distancer og kan måske selv køre manuel 
kørestol på kortere distancer.

GMFCS niveau II
Børnene kan gå i de fleste omgivelser og kan gå på 
trapper når de holder ved gelænder. De vil måske have 
vanskeligheder når de går lange distancer og når de går 
i ujævnt terræn, på stigninger, og når der er 
begrænset plads og når der er mange mennesker tæt 
på. Børnene vil måske gå med fysisk støtte, med et 
håndholdt gangredskab eller bruge en kørestol på 
længere distancer. Børnene har begrænsede evner til 
at udføre grovmotoriske aktiviteter som løb og hop. 

GMFCS niveau I
Børnene går i hjemmet, i skolen, udendørs og i 
nærmiljøet. De kan gå på trapper uden støtte ved 
gelænder. Børnene udfører grovmotoriske 
aktiviteter som at løbe og hoppe, men tempo, 
balance og koordination er begrænset.

GMFCS descriptors: Palisano et al. (1997) Dev Med Child Neurol 39:214–23 
CanChild: www.canchild.ca

Illustrations Version 2 © Bill Reid, Kate Willoughby, Adrienne Harvey and Kerr Graham,  
The Royal Children’s Hospital Melbourne ERC151050

Translation to Danish: Kirsten Nordbye-Nielsen, kirstennordbye@clin.au.dk Aarhus University Hospital, Denmark. May 2017
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I II

Rosenbaum PL at al (2008) 
www.canchild.ca60% of childen with CP  

Rodby-Bousquet & Hägglund (2012)

 

Children with spastic cerebral palsy
GMFCS level I and II
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Rasmussen et al (2016)

The Danish Cerebral Palsy Follow-up Program (CPOP)
National clinical quality database & Follow-up program

Standardized examinations 
Gross motor function

Muscle tone 
Passive range of motion 

Orthotics and assistive devices

www.cpguiden.dk
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Planning of interventions

Local teams

Interdisciplinary consultations

Examinations 
Gross motor function 

Gait pattern 

Interventions
Rasmussen (2016) 

 

www.cpguiden.dk
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Gait analysis

- Movements (kinematic)
- Forces (kinetics) 
Gage (1994)

- Diagnose and monitor progress
Baker (2016)
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Data from gait analysis

Clinical practise

Impairment focused interpretation 
(Baker 2009)

- History
- Orientation: Gait indices
- Video
- Evidence and interpretation
- Kinematic / kinetic graphs
- Physical examination
- Patient reported outcome measures

Example: Ankle dorsi flexion

d Too little right dorsiflexion in stancee too little dorsiflexion in swing.

Test 

Team A 

Retest 

Laboratory 
Team B 

Team C 

+	

+	

+	

Ganganalyse rapport

Kinematic / kinetic graphs
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   14-­‐10-­‐2015	
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  based	
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  gait	
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  that	
  have	
  been	
  performed	
  as	
  part	
  of	
  a	
  research	
  project,	
  that	
  is	
  conducted	
  at	
  the	
  Gait	
  
Analysis	
  Laboratory	
  by	
  physiotherapist	
  Helle	
  Mätzke	
  Rasmussen.	
  	
  	
  
HMR	
  /	
  2014-­‐09-­‐01	
  /	
  Based	
  on	
  a	
  template	
  by	
  Baker,	
  McGinley	
  and	
  Thomason	
  (2010)	
   	
  7	
  

Gait	
  data	
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Data from gait analysis

Research: Gait indices

Gait Deviation Index
Schwartz (2008) 

Gait Profile Score 
Baker (2009)

Gait Variable Score 
Movement Analysis Profile 

Subjects

Pelvis Ant/Pst
Hip Flx/Ext

Knee Flx/Ext
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Pelvic Up/Dn
Hip Add/Abd
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GPS

Controls
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Movement	Analysis	Profile	

I suggest you use a screen 
dump to copy this graphic as 
it is actully two graphs laid on 
top of each other to get the 
overlay effect. 
 
Press <alt+prtscr>  to copy to 
clipboard, paste and then 
crop to rdisplay just the 
graph. 
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Data from gait analysis

Research: Gait indices

Gait Deviation Index
Schwartz (2008) 

Gait Profile Score
Baker (2009)

www.cpinmotion.dk 

Gait	Devia/on	Index	
GDI Kinematic variables 
Pelvic X 3 
Hip x 3 
Knee x 1 
Foot x 2 
 

100 Point = Reference group 
  10 Point = 1 SD 
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Data from gait analysis

Research: Gait indices

Gait Deviation Index
Schwartz (2008) 

Gait Profile Score
Baker (2009)

www.cpinmotion.dk 
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Data from gait analysis

Research: Gait indices

Gait Deviation Index
Schwartz (2008) 

Gait Profile Score
Baker (2009)
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Gait analysis

- 40-70% Changes in treatment plans
Lofterod (2007), Cook (2003), Kay (2000), Deluca (1997)
 
- 77-97% Compliance
Wren TA (2013),  Lofterod (2007), Wren TA (2005)

- Effectiveness of interventions
Franki (2014), Van den Broeck (2010), Wren (2013)
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Combining the CPOP with the use of gait analysis 

Motivation for the study
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Study aim
This study aimed to determine if indivi-
dually tailored interdisciplinary 
interventions with gait analysis lead 
to greater improvements than individu-
ally tailored interdisciplinary 
intervention without gait analysis in 
overall gait pathology, walking perfor-
mance and patient-reported outcome 
measures of function, disability and 
health-related quality of life.

Protocol article:
Rasmussen HM, edersen NW, Overgaard S, Hansen 
LK, Dunkhase-Heinl U, Petkov Y, Engell V, Baker R, 
Holsgaard-Larsen, A  BMC Pediatrics (2015)

Article IIb - resubmitted

Study aim

STUDY PROTOCOL

Open AccessThe use of instrumented gait analysis forindividually tailored interdisciplinaryinterventions in children with cerebralpalsy: a randomised controlled trialprotocol
Helle Mätzke Rasmussen1,2*, Niels Wisbech Pedersen1,2, Søren Overgaard1,2, Lars Kjaersgaard Hansen3,

Ulrike Dunkhase-Heinl4,5, Yanko Petkov6, Vilhelm Engell1,2, Richard Baker7 and Anders Holsgaard-Larsen1,2Abstract

Background: Children with cerebral palsy (CP) often have an altered gait. Orthopaedic surgery, spasticity management,

physical therapy and orthotics are used to improve the gait. Interventions are individually tailored and are

planned on the basis of clinical examinations and standardised measurements to assess walking (‘care as usual’).

However, these measurements do not describe features in the gait that reflect underlying neuro-musculoskeletal

impairments. This can be done with 3-dimensional instrumented gait analysis (IGA). The aim of this study is to test the

hypothesis that improvements in gait following individually tailored interventions when IGA is used are superior to

those following ‘care as usual’.Methods/Design: A prospective, single blind, randomised, parallel group study will be conducted. Children aged 5

to 8 years with spastic CP, classified at Gross Motor Function Classification System levels I or II, will be included. The

interventions under investigation are: 1) individually tailored interdisciplinary interventions based on the use of IGA, and

2) ‘care as usual’. The primary outcome is gait measured by the Gait Deviation Index. Secondary outcome measures are:

walking performance (1-min walk test) and patient-reported outcomes of functional mobility (Pediatric Evaluation of

Disability Inventory), health-related quality of life (The Pediatric Quality of Life Inventory Cerebral Palsy Module) and

overall health, pain and participation (The Pediatric Outcome Data Collection Instrument). The primary endpoint for

assessing the outcome of the two interventions will be 52 weeks after start of intervention. A follow up will also be

performed at 26 weeks; however, exclusively for the patient-reported outcomes.
Discussion: To our knowledge, this is the first randomised controlled trial comparing the effects of an individually

tailored interdisciplinary intervention based on the use of IGA versus ‘care as usual’ in children with CP. Consequently,

the study will provide novel evidence for the use of IGA.Trial registration: Trial registration: ClinicalTrials.gov NCT02160457. Registered June 2, 2014.

Keywords: Gait analysis, Cerebral Palsy, Gait Deviation Index, Study protocol

* Correspondence: helrasmussen@health.sdu.dk
1Department of Orthopaedic Surgery and Traumatology, Odense University

Hospital, Odense, Denmark2Institute of Clinical Research, University of Southern Denmark, Odense,
Denmark
Full list of author information is available at the end of the article

© 2015 Rasmussen et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0

International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and

reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver

(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Rasmussen et al. BMC Pediatrics  (2015) 15:202 DOI 10.1186/s12887-015-0520-7
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Outcomes
- Overall gait pathology 

- Walking performance 
 
- Function & disability

- Health-related quality of life

St
ud

y 
II

 

Instrumented gait analysis

Gait Deviation Index (primary outcome) x

1-minute walk x

Patient reported outcome measures

Pediatric Evaluation of Disability Inventory
Mobility scale

x

Pediatric Outcome Data Collection Instrument x

The Pediatric Quality of Life Inventory
Cerebral Palsy Module

x
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Interventions

Orthopaedic 
surgery

Control interventions
without gait analysis report

Local healthcare teams
Individually tailored interventions

Spasticity 
management

Physical 
therapy

Orthotics

Experimental interventions
with gait analysis report

Example: Ankle dorsi flexion

d Too little right dorsiflexion in stance

e too little dorsiflexion in swing.

Test 
Team A 

Retest 

Laboratory 
Team B 

Team C 

+	

+	

+	

Ganganalyse rapport
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Results
	
RCT	manuscript	–	Developmental	Medicine	&	Child	Neurology	

Last	updated:	18	February	2018	

Figure 1 – Flow diagram of participants in the study  
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 160 Letters of invitation were sent to eligible children by mail 
   
   48 Did not answer 

29 Not interested in the study   
      
 83 screened by telephone 
    
   7 Not interested after screening  

16 Not eligible after screening: 
Orthopaedic surgery (n=5), planned moving (n=3), 

diagnosis had changed (n=6) and did not 
understand Danish (n=2) 

 

    
 60 Baseline assessments 

Instrumented gait analysis (n=60), 1-min walk test (n=57) and questionnaires (n=58) 
    

A
llo

ca
ti

on
 

 60 Randomised 
Two participants (one from each group) were randomised with another participant. 

  
 

 

     
 30 Allocated to experimental group 

30 received individually tailored interdisciplinary 
intervention with Instrumented gait analysis 

provided by 29 different combinations of local 
healthcare teams. 

 

30 Allocated to control group 
30 received individually tailored interdisciplinary 
intervention without Instrumented gait analysis 
provided by 29 different combinations of local 

healthcare teams. 
          

F
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w

-u
p 

 26 Follow up assessmentsa 
 (26 weeks) 

24 participants completed all subscales in the 
questionnaires 

 25 Follow up assessmentsa 
(26 weeks) 

24 participants completed all subscales in the 
questionnaires 

        
 29 Post intervention assessmentsb 

(52 weeks – primary follow-up) 

IGA (n=28), 1-min walk test (n=24) and all 
subscales in the questionnaires (n=27) 

 29 Post intervention assessmentsb  
(52 weeks – primary follow-up) 

IGA (n=27), 1-min walk test (n=23) and all subscales 
in the questionnaires (n=27) 

       

A
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si

s 

 30 Included in the ITT analysis 
 

1-min walk test (n=28) and all subscales of the 
patient reported outcome (n=29). 

 30 Included in the ITT analysis 
 

1-min walk test (n=29) and all subscales of the patient 
reported outcome (n=29). 

       
Explanations: 

Flow chart
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Number, n 60
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GMFCS I / II, n (%) 42/18 (70/30)
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52 weeks

26 weeks
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 160 Letters of invitation were sent to eligible children by mail 
   
   48 Did not answer 

29 Not interested in the study   
      
 83 screened by telephone 
    
   7 Not interested after screening  

16 Not eligible after screening: 
Orthopaedic surgery (n=5), planned moving (n=3), 

diagnosis had changed (n=6) and did not 
understand Danish (n=2) 

 

    
 60 Baseline assessments 

Instrumented gait analysis (n=60), 1-min walk test (n=57) and questionnaires (n=58) 
    

A
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 60 Randomised 
Two participants (one from each group) were randomised with another participant. 

  
 

 

     
 30 Allocated to experimental group 

30 received individually tailored interdisciplinary 
intervention with Instrumented gait analysis 

provided by 29 different combinations of local 
healthcare teams. 

 

30 Allocated to control group 
30 received individually tailored interdisciplinary 
intervention without Instrumented gait analysis 
provided by 29 different combinations of local 

healthcare teams. 
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 26 Follow up assessmentsa 
 (26 weeks) 

24 participants completed all subscales in the 
questionnaires 

 25 Follow up assessmentsa 
(26 weeks) 

24 participants completed all subscales in the 
questionnaires 

        
 29 Post intervention assessmentsb 

(52 weeks – primary follow-up) 

IGA (n=28), 1-min walk test (n=24) and all 
subscales in the questionnaires (n=27) 

 29 Post intervention assessmentsb  
(52 weeks – primary follow-up) 

IGA (n=27), 1-min walk test (n=23) and all subscales 
in the questionnaires (n=27) 
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 30 Included in the ITT analysis 
 

1-min walk test (n=28) and all subscales of the 
patient reported outcome (n=29). 

 30 Included in the ITT analysis 
 

1-min walk test (n=29) and all subscales of the patient 
reported outcome (n=29). 

       
Explanations: 

Flow chart: Follow-up & analysis

26 25

29

30

29

30

2728
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Results
Between-group differences 

In favor of Control           In favor of Experimental

Rate Change CI	lower CI	upper Positivt Negativ Pos Neg
- - -0.59 [-3.8-2.6] 1 -0,59 -3,8 2,6 -3,21 3,19 3 3 Gait	Deviation	Index	(GDI) 3 3
- - 03.02 [-2.9-8.9] 2 3,2 -2,9 8,9 -6,1 5,7 6 6 1-minute	walk	test	(metre) 6 6

00.15 [-3.0-3.3] 01.37 [-2.4-5.1] 3 1,37 -2,4 5,1 -3,77 3,73 4 4 PEDI,	Functional	skills 4 4
-0.57 [-3.8-2.7] -0.93 [-5.5-3.6] 4 -0,93 -5,5 3,6 -4,57 4,53 5 5 PEDI,	Caregiver	assistance 5 5
0,175 [-0.8-8.2] 03.26 [-1.9-8.4] 5 3,26 -1,9 8,4 -5,16 5,14 5 5 PedsQL,	Daily	Activities 5 5
-4.41 [-14.3-5.5] 01.12 [-8.7-10.9] 6 1,12 -8,7 10,9 -9,82 9,78 10 10 PedsQL,	School	Activities 10 10
-1.05 [-9.9-7.8] -1.19 [-9.4-7.0] 7 -1,19 -9,4 7 -8,21 8,19 8 8 PedsQL,	Movement	and	Balance 8 8

0,25625 [-0.22-11.6] -7.13 [-15.6-1.3] 8 -7,13 -15,6 1,3 -8,47 8,43 8 8 PedsQL,	Pain	and	Hurt 8 8
-2.47 [-10.6-5.7] -3.41 [-12.5-5.7] 9 -3,41 -12,5 5,7 -9,09 9,11 9 9 PedsQL,	Fatigue 9 9
-1.81 [-6.9-3.3] 0,134027778 [-4.5-9.9] 10 2,73 -4,5 9,9 -7,23 7,17 7 7 PedsQL,	Eating	Activities 7 7
-0.28 [-4.8-4.2] -2.64 [-8.8-3.5] 11 -2,64 -8,8 3,5 -6,16 6,14 6 6 PedsQL,	Speech	and	Communication 6 6
02.15 [-1.2-5.5] 00.58 [-3.1-4.2] 12 0,58 -3,1 4,2 -3,68 3,62 4 4 PODCI,	Global	functioning	scale 4 4
01.25 [-3.7-6.2] 04.31 [-0.6-9.2] 13 4,31 -0,6 9,2 -4,91 4,89 5 5 PODCI,	Upper	extremity	function 5 5
01.31 [-1.9-4.6] 0,085416667 [-0.6-3.9] 14 1,63 -0,6 3,9 -2,23 2,27 2 2 PODCI,	Transfer	and	basic	mobility 2 2

0,095833333 [-3.1-6.7] 01.52 [-4.7-7.7] 15 1,52 -4,7 7,7 -6,22 6,18 6 6 PODCI,	Sports	and	physical	functioning 6 6
03.22 [-4.8-11.2] -5.3 [-14.0-3.4] 16 -5,3 -14 3,4 -8,7 8,7 9 9 PODCI,	Pain/Comfort	Scale 9 9
02.11 [-5.7-9.9] -3.89 [-13.0-5.2] 17 -3,89 -13 5,2 -9,11 9,09 9 9 PODCI,	Happiness	Scale 9 9

-20 -15 -10 -5 0 5 10 15 20 

Gait Deviation Index (GDI) 
1-minute walk test (metre) 
PEDI, Functional skills 
PEDI, Caregiver assistance 
PedsQL, Daily Activities 
PedsQL, School Activities 
PedsQL, Movement and Balance 
PedsQL, Pain and Hurt 
PedsQL, Fatigue 
PedsQL, Eating Activities 
PedsQL, Speech and Communication 
PODCI, Global functioning scale 
PODCI, Upper extremity function 
PODCI, Transfer and basic mobility 
PODCI, Sports and physical functioning 
PODCI, Pain/Comfort Scale 
PODCI, Happiness Scale 

Rate Change CI	lower CI	upper Positivt Negativ Pos Neg
- - -0.59 [-3.8-2.6] 1 -0,59 -3,8 2,6 -3,21 3,19 3 3 Gait	Deviation	Index	(GDI) 3 3
- - 03.02 [-2.9-8.9] 2 3,2 -2,9 8,9 -6,1 5,7 6 6 1-minute	walk	test	(metre) 6 6

00.15 [-3.0-3.3] 01.37 [-2.4-5.1] 3 1,37 -2,4 5,1 -3,77 3,73 4 4 PEDI,	Functional	skills 4 4
-0.57 [-3.8-2.7] -0.93 [-5.5-3.6] 4 -0,93 -5,5 3,6 -4,57 4,53 5 5 PEDI,	Caregiver	assistance 5 5
0,175 [-0.8-8.2] 03.26 [-1.9-8.4] 5 3,26 -1,9 8,4 -5,16 5,14 5 5 PedsQL,	Daily	Activities 5 5
-4.41 [-14.3-5.5] 01.12 [-8.7-10.9] 6 1,12 -8,7 10,9 -9,82 9,78 10 10 PedsQL,	School	Activities 10 10
-1.05 [-9.9-7.8] -1.19 [-9.4-7.0] 7 -1,19 -9,4 7 -8,21 8,19 8 8 PedsQL,	Movement	and	Balance 8 8

0,25625 [-0.22-11.6] -7.13 [-15.6-1.3] 8 -7,13 -15,6 1,3 -8,47 8,43 8 8 PedsQL,	Pain	and	Hurt 8 8
-2.47 [-10.6-5.7] -3.41 [-12.5-5.7] 9 -3,41 -12,5 5,7 -9,09 9,11 9 9 PedsQL,	Fatigue 9 9
-1.81 [-6.9-3.3] 0,134027778 [-4.5-9.9] 10 2,73 -4,5 9,9 -7,23 7,17 7 7 PedsQL,	Eating	Activities 7 7
-0.28 [-4.8-4.2] -2.64 [-8.8-3.5] 11 -2,64 -8,8 3,5 -6,16 6,14 6 6 PedsQL,	Speech	and	Communication 6 6
02.15 [-1.2-5.5] 00.58 [-3.1-4.2] 12 0,58 -3,1 4,2 -3,68 3,62 4 4 PODCI,	Global	functioning	scale 4 4
01.25 [-3.7-6.2] 04.31 [-0.6-9.2] 13 4,31 -0,6 9,2 -4,91 4,89 5 5 PODCI,	Upper	extremity	function 5 5
01.31 [-1.9-4.6] 0,085416667 [-0.6-3.9] 14 1,63 -0,6 3,9 -2,23 2,27 2 2 PODCI,	Transfer	and	basic	mobility 2 2

0,095833333 [-3.1-6.7] 01.52 [-4.7-7.7] 15 1,52 -4,7 7,7 -6,22 6,18 6 6 PODCI,	Sports	and	physical	functioning 6 6
03.22 [-4.8-11.2] -5.3 [-14.0-3.4] 16 -5,3 -14 3,4 -8,7 8,7 9 9 PODCI,	Pain/Comfort	Scale 9 9
02.11 [-5.7-9.9] -3.89 [-13.0-5.2] 17 -3,89 -13 5,2 -9,11 9,09 9 9 PODCI,	Happiness	Scale 9 9

-20 -15 -10 -5 0 5 10 15 20 

Gait Deviation Index (GDI) 
1-minute walk test (metre) 
PEDI, Functional skills 
PEDI, Caregiver assistance 
PedsQL, Daily Activities 
PedsQL, School Activities 
PedsQL, Movement and Balance 
PedsQL, Pain and Hurt 
PedsQL, Fatigue 
PedsQL, Eating Activities 
PedsQL, Speech and Communication 
PODCI, Global functioning scale 
PODCI, Upper extremity function 
PODCI, Transfer and basic mobility 
PODCI, Sports and physical functioning 
PODCI, Pain/Comfort Scale 
PODCI, Happiness Scale 
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Applied interventions Exp CON

Physiotherapy 24 24

Orthotics 8 12

Spasticity management 7 10

Orthopedic surgery 0 1
n = 28/29, p = > 0.05

Results
Applied interventions & compliance 
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Applied interventions Exp CON

Physiotherapy 24 24

Orthotics 8 12

Spasticity management 7 10

Orthopedic surgery 0 1
n = 28/29, p = > 0.05

Results
Applied interventions & compliance 

Compliance + Rec + app + Rec

Physiotherapy 24 28

Orthotics 6 10

Spasticity management 5 14

Orthopedic surgery 0 1
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Conclusion
Study aim
This study aimed to determine if indivi-
dually tailored interdisciplinary 
interventions with gait analysis lead to 
greater improvements than individually 
tailored interdisciplinary intervention 
without gait analysis in overall gait pat-
hology, walking performance and 
patient-reported outcome measures of 
function, disability and health-related 
quality of life.

Conclusion
This study could not confirm the hypo-
thesis that improvement in the overall 
gait pathology, walking performance and 
patient-reported outcomes following 
individually tailored interventions when 
gait analysis is used are superior to those 
following ‘usual care’ in a case-mix of all 
children with cerebral palsy at GMFCS 
levels I and II, at an early age.
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Perspectives
Study results - Gait analysis 

Explorative data - analysis 

Christina Esmann
Measure of processes of Care

Gross Motor Function Measure (selected items) 

Gait Analysis

Validation of methods used for interpretation

Dissimination of recommendations
Aherence to recommendations 
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Thanks!

Participants and their parents
The local teams and helathcare professionals
Resarch assistants & collegues

University of Southern Denmark, 
Odense University Hospital Research grant,  
Region of Southern Denmark Research grant and PhD grant, The Physiotherapy Practice Foundation,  
The Ludvig and Sara Elsass Foundation, 
The Linex Foundation and 
The Danish Physiotherapy Research Fund.
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