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Development of gait in Development of gait in 
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Normal or typical developmentNormal or typical development

§§ Importance of locomotion?Importance of locomotion?
-- Locomotion makes that development can Locomotion makes that development can 

occursoccurs
-- PerceptionPerception
-- CognitiveCognitive
-- CommunicationCommunication
-- ……

§§ What is locomotion?What is locomotion?
§§ WhatWhat’’s organization?s organization?
§§ WhatWhat’’s function?s function?
§§ Why?Why?

Moving 
Skills

Body 
Image Social 

Skills
Posture
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§§ Development = organization of functionDevelopment = organization of function
§§ Function = having the possibilitiesFunction = having the possibilities
§§ Having possibilities = be able to adaptHaving possibilities = be able to adapt
§§ Gravity ( stability Gravity ( stability –– balance)balance)
§§ Communication (express Communication (express –– talk talk -- ……))

= organization of function to create possibilities by movement 
– patterns    and behavior

= to be able to adapt to the needs

Function: which Function: which –– how how –– why?why?

= to be able to adapt to the context:= to be able to adapt to the context:
-- survivesurvive
-- gravitygravity
-- sensationsensation
-- motivationmotivation
-- communicationcommunication

= variability = variability –– choice choice –– dynamics are necessarydynamics are necessary

Study normal developmentStudy normal development

Horizontal
development

quality of movement

Vertical 
development

= milestones

Evaluate 
functional 

progression

= sequences of 
movement
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Horizontal
development

Vertical 
development

TESTS

-Peabody

- Bruininks   
Oseretsky

- ….

Observation

- variability

- fluidity

- complexity

ObservationObservation
Tilting the head : What will happen? How will this be 

organized?
Needs

Difficult?

ObservationObservation

*Arms – contact elbow 
with ground
*Head rotated
*Hands open
*Trunk = symmetric

Kicking leg : needs  ? Organization ?
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Atypical Muscle ToneAtypical Muscle Tone
Postural FixationsPostural Fixations

Compensatory Movement PatternsCompensatory Movement Patterns

Habitual Movement PatternsHabitual Movement Patterns

Muscle Shortening or ElongationMuscle Shortening or Elongation

ContracturesContractures

DeformitiesDeformities

Progression of Motor Progression of Motor 
DevelopmentDevelopment

Typical Muscle ToneTypical Muscle Tone

Movement for Postural Stability Movement for Postural Stability 
(Co(Co--contraction)contraction)

Movement for Mobility Against Movement for Mobility Against 
Postural Stability  (Activation)Postural Stability  (Activation)

Practice for Refined Practice for Refined 
CoordinationCoordination

Twins : Normal versus 
pathological
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Research postural control: Research postural control: 
Influence of a stable trunk on Influence of a stable trunk on 
gait in children with cerebral gait in children with cerebral 

palsypalsy

Development of 
postural control

Is the base on which movements can be organized

Posture : function is holding against gravity

to keep balance during initiation of a movement

Functional approach:

1. Function to coordinate posture and movement

2. Function to coordinate different segments of the body

3. Anticipation

4. Adaptation



7

Motor controlMotor control

§§ Characterized by:Characterized by:
§§ Internal Constrains Internal Constrains 
§§ Musculoskeletal developmentMusculoskeletal development
§§ Maturation of the CNSMaturation of the CNS

§§ Specification of the taskSpecification of the task
§§ EnvironmentEnvironment

Two functional principlesTwo functional principles
§§ Stable reference frame from which the Stable reference frame from which the 

equilibrium control is basedequilibrium control is based
§§ Gradual mastery of de degrees of freedom Gradual mastery of de degrees of freedom 

of the various body jointsof the various body joints

Choice of the stabilized anatomical segment of Choice of the stabilized anatomical segment of 
reference depends on:reference depends on:

a.a. Dynamic constraintsDynamic constraints
b.b. EnvironmentEnvironment
c.c. Characteristics of each developmental period.Characteristics of each developmental period.

Two modes of controlTwo modes of control
§§ «« en blocen bloc »» strategystrategy
§§ Minimizing the number of degrees of freedomMinimizing the number of degrees of freedom

§§ «« articulatedarticulated »» strategystrategy
§§ Controlling independently a couple of Controlling independently a couple of 

consecutive anatomical segments and requires consecutive anatomical segments and requires 
the mastery of the degrees of freedom of the the mastery of the degrees of freedom of the 
corresponding jointcorresponding joint
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3-4 years

5-6 years

7-8 years

Segmental 
stabilizations

Temporal 
Organization

Narrow 
support

Flat 
Ground

Narrow 
support + 
stab.Pelvis

Narrow 
support

Flat 
Ground

Narrow 
support + 
stab.Pelvis

C. Assaiante : Development of postural 
control in healthy children
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Egocentric to exocentric 
spatial orientation

Periventricular Periventricular 
LeucomalaciaLeucomalacia

- Spastic diplegia

- GMFCS I or II

- Premature

- Walks Independently

Does a good postural Does a good postural 
control has influence on gait?control has influence on gait?

§§ What means trunk control?What means trunk control?
§§ = stability (to the vertical) by pitch and roll= stability (to the vertical) by pitch and roll

§§ What means quality of walking?What means quality of walking?
§§ = parameters like step length, walking velocity, = parameters like step length, walking velocity, 

step width, step width, ……
§§ = planar covariation (inter segmental = planar covariation (inter segmental 

coordination) coordination) 
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Bare Foot

CP
Typical 

Development

AFO Trunk 
stabilization

Trunk 
Stabilization 

+ AFO

Postural 
control

Quality of 
walking

Stability to the 
vertical

Parameters

Planar covariation

Influence of ankle foot orthosis on gait by Influence of ankle foot orthosis on gait by 
children with a typical development.children with a typical development.

Degelaen Marc, Degelaen Marc, De Borre LudoDe Borre Ludo, Cheron Guy,, Cheron Guy,
Leurs FranLeurs Franççoise, Pelc Karineoise, Pelc Karine, Dan Bernard, Dan Bernard
Kerckhofs Erik, De Meirleir LindaKerckhofs Erik, De Meirleir Linda

Children with typical Children with typical 
developmentdevelopment
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Gait Lab

Purpose of the studyPurpose of the study

vv Influence of AFO on gait by children with typical Influence of AFO on gait by children with typical 
development aged between 4 and 10 years. development aged between 4 and 10 years. 

vv Analyzed parameters:Analyzed parameters:
•• Parameters spatiotemporalParameters spatiotemporal
•• Elevation Angles Elevation Angles 
•• Planar co variationPlanar co variation

Materiel et methodsMateriel et methods

Population Population ::

vv Inclusion : healthy,  no motor retardation, Inclusion : healthy,  no motor retardation, 
began to walk between 10 and 18 months, began to walk between 10 and 18 months, 
vvexclusion: premature, gait problems, exclusion: premature, gait problems, 

differences in leg length, having orthopedic differences in leg length, having orthopedic 
problemsproblems..
vv20 children: : 9 children (1 girl, 8 boys) of 420 children: : 9 children (1 girl, 8 boys) of 4--5 5 

years and 11 children (4 girls, 7 boys) of 9years and 11 children (4 girls, 7 boys) of 9--10 10 
yearsyears..
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Materiel et methodsMateriel et methods : : 
PosteriorPosterior LeafLeaf--SpringsSprings

Children with typical Children with typical 
developmentdevelopment

4 – 5 years

9 – 10 years

Bare foot with AFO

Parameters spatiotemporalParameters spatiotemporal

§§ Step lengthStep length
§§ Step widthStep width
§§ Walking velocity Walking velocity 
§§ CadenceCadence
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Elevation angles and planar Elevation angles and planar 
co variationco variation

Pi
ed

 (d
eg

)

Jam be  ( de g)

Borghese et al. (1996)

Cheron et al.( 2001)

C u isse  ( deg )

Pi
ed

 (d
eg

)

Jambe (deg)Cu
iss

e (
de

g)

L’Ellipse

Planar Co variation

α

Elevation 

angles

ResultsResults
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Parameters spatiotemporalParameters spatiotemporal
4 - 5 years

0.00

0.20

0.40

0.60

0.80

1.00

PN Mean AFO Mean

PN Mean 0.81 0.79 0.19 0.89

AFO Mean 0.84 0.83 0.21 0.87

Step lenght L Step lenght  R Step W idth Vitesse

Parameters spatiotemporalParameters spatiotemporal

9 - 10 years

0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40

PN Mean AFO Mean

PN Mean 1.07 1.11 0.22 1.15

AFO Mean 1.07 1.10 0.24 1.05

Step lenght L Step lenght R Step Width Vitesse
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Parameters spatiotemporalParameters spatiotemporal

Bare Foot

0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40

Petits Grands

Petits 0.80 0.80 0.19 0.89

Grands 1.07 1.11 0.22 1.15

Step lenght L Step lenght R Step Width Vitesse

Parameters spatiotemporalParameters spatiotemporal

Cadance

0.00

20.00

40.00

60.00

80.00

PN AFO

PN 72.07 64.00

AFO 62.30 59.38

4 - 5 Y 9 - 10 Y

Elevation Angles and planar Elevation Angles and planar 
co variationco variation

4 - 5 years

0.00

20.00

40.00

60.00

80.00

100.00

PN AFO

PN 43.15 72.91 82.28

AFO 44.93 74.91 76.04

Ampl. Cuisse Ampl. Jambe Ampl. Pied
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Elevation Angles and planar Elevation Angles and planar 
covariationcovariation

9 - 10 years

0.00

20.00

40.00

60.00

80.00

100.00

PN AFO

PN 38.32 68.74 78.20

AFO 39.33 73.28 80.08

Ampl. Cuisse Ampl. Jambe Ampl. Pied

Elevation Angles and planar Elevation Angles and planar 
covariationcovariation

Bare foot

0.00

20.00

40.00

60.00

80.00

100.00

Petits Grands

Petits 41.58 69.71 78.82

Grands 38.32 68.74 78.20

Ampl. Cuisse Ampl. Jambe Ampl. Pied

Elevation Angles and planar Elevation Angles and planar 
covariationcovariation

Eigenval 3

0.00

0.50

1.00

1.50

PN AFO

PN 1.42 0.73

AFO 0.57 0.43

4 - 5 Y 9 - 10 Y
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ConclusionConclusion

§§ Evolution of gait with ageEvolution of gait with age
§§ Ankle foot orthosis change gait in children Ankle foot orthosis change gait in children 

with typical developmentwith typical development
§§ Spatiotemporal parameters in children are Spatiotemporal parameters in children are 

changed changed 
§§ Ankle foot orthosis synchronize the Ankle foot orthosis synchronize the 

movement between the shank and footmovement between the shank and foot

Influence of ankle foot orthosis on trunk Influence of ankle foot orthosis on trunk 
movement by children with a typical movement by children with a typical 
development.development.

Degelaen Marc, Degelaen Marc, De Borre LudoDe Borre Ludo, Cheron Guy,, Cheron Guy,
Leurs FranLeurs Franççoise, Pelc Karineoise, Pelc Karine, Dan Bernard, Dan Bernard
Kerckhofs Erik, De Meirleir LindaKerckhofs Erik, De Meirleir Linda

Purpose of the studyPurpose of the study

vv Influence of AFO on trunk movements by children Influence of AFO on trunk movements by children 
with typical development aged between 4 and 10 with typical development aged between 4 and 10 
years. years. 
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Static and dynamic registrationStatic and dynamic registration

ResultsResults
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4 - 5 Years

0

5

10

15

20

PN AFO

PN 5.292899144 6.237785055 11.77303661

AFO 8.259249903 7.800608514 15.00995424

sagitaal frontaal transversaal

9 - 10 Years

0

5

10

15

PN AFO

PN 4.563371 4.370766 12.07254

AFO 5.944662 6.324688 14.16504

sagitaal frontaal transversaal

Ce rebral P alsy 
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4 - 5 years 9 - 10 years

4 - 5 years 8.591413 10.31122 12.90810

9 - 10 years 8.105328 11.93061 12.93730

sagitaal frontaal transversaal

Bare Foot
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4 - 5 Y 9 - 10 Y

4 - 5 Y 5.292899 6.237785 11.77304

9 - 10 Y 4.563371 4.370766 12.07254

sagitaal frontaal transversaal
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Ankle Foot Orthose
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4 - 5 Y 8.259250 7.800609 15.00995

9 - 10 Y 5.944662 6.324688 14.16504

sagitaal frontaal transversaal

4 - 5 years
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15

N CP

N 5.292899 6.237785 11.77304

CP 8.105328 11.93061 12.93730

sagitaal frontaal transversaal

9 - 10 years
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N CP

N 4.563371 4.370766 12.07254

CP 8.591413 10.31122 12.90810

sagitaal frontaal transversaal
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ConclusionConclusion
§§ More variability in younger childrenMore variability in younger children
§§ Use of AFO gives more compensations in Use of AFO gives more compensations in 

the trunkthe trunk
§§ Most compensation are seen in the sagital Most compensation are seen in the sagital 

and frontal planeand frontal plane
§§ The older the CP children, the more they are The older the CP children, the more they are 

different from the typical developing childrendifferent from the typical developing children

§§ With proper assessments and activities to minimize motor With proper assessments and activities to minimize motor 
development problems the child can develop efficient skills in:development problems the child can develop efficient skills in:

Body Aware

Spatial

SocialPosture

Daily Living

Self 
Esteem

O&MMotor

Concepts

Thanks


