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Objectives

1. Outline the physical and functional 
assessments used to support gait analysis

2. Review and practice visual gait analysis to 
guide clinical decision-making; describe 
useful tools and methods

3. Review the role of Motion Lab and criteria for 
referral
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Elements of Analyzing Gait

 Interview

 Physical assessment

 Community partner input (community 
therapists, orthotists, physiatrists, 
pediatricians, orthopedic surgeons, etc.)

 Observational/visual gait analysis
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Interview

 Demographic information (age, diagnosis)

 Past history (birth history, milestones)

 Medical history

 Recent x-rays, CT scans, MRI

 Current activity level/extracurricular activities

 Therapy

 Pain
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Descriptions of Gross 
Motor Abilities

Ages 6-12 Ages 12-18
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GMFCS Family 
Report 

Questionnaire

Available for:
 2-4 years
 4-6 years
 6-12 years

www.canchild.ca
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Descriptions of 
Gross Motor 

Abilities
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Physical 
Assessment

ROM
Muscle strength
Muscle tone
Rotational profile
Leg length
Static posture
Balance
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Selective Motor Control

Developmental medicine and child neurology. 
2009;51(8):607-14. 
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Visual Gait Analysis 

 Inexpensive

 Minimal equipment use

 Very young children

 Better for behavioural/cognitive issues

 Frequent documentation of gait changes

 Baseline to assess need for 3DGA
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Visual Gait Analysis 

 Moderate reliability at best

 Inconsistent responses between 
professionals and over time

 Not ideal for planning complex/multi-level 
surgery (SEMLS)
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Visual Gait Analysis (VGA)

How can we minimize the problems with VGA? 

 Frontal and

sagittal planes

http://nextlevelstrengthandfitness.com/blogsite/wp-content/uploads/2010/09/Planes7.jpg
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Visual Gait Analysis

 High quality video 

 Lighting/brightness

Minimal distractions

 Clear floor

 Plain background

Quiet
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Visual Gait Analysis

 Low cost mobile video options

 Tripod (coronal plane)

 Hand-held Gimbal or selfie stick (sagittal plane)

 Low cost video editing options (mobile apps)

 Built-in video editor on device

 Slowmo (Slow Motion Video Analysis)

 Hudl technique

 Coach’s Eye or Dartfish Express ($)
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Visual Gait Analysis

 Structured observations

 Systematic

 Consistent

 Top-down approach

 Rating scales to quantify gait

 Physician’s Rating Scale (PRS)

 Edinburgh Visual Gait Scale (EVGS)
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Matthuis KGB. J Pediatr Orthop. 2005;25:268-272;
Rathinam et al. Observational gait assessment tools in paediatrics-- a 
systematic review. Gait Posture. 2014;40(2):279-85.
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Visual Gait Analysis

 Ensure you can see all joints

 Shorts and t-shirt

 Anatomical markings

 Phases of gait

 Understand typical gait

 Gait terminology
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Phases of Gait

Perry J. Gait analysis: Normal and pathological function. 1992. Thorofare, NJ: Slack Incorporated.
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Stance Phase
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Swing Phase
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Prerequisites of Typical Gait

 Stability in stance

 Sufficient foot clearance during swing

 Appropriate swing phase pre-positioning of 
foot

 Adequate step length

 Energy conservation

Gage JR. The Treatment of Gait Problems in Cerebral Palsy. 2004; MacKeith Press:   London, UK
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Gait Terminology

 Trendelenburg gait/compensated 
Trendelenburg

 Early heel rise

 Foot rockers

 First/heel rocker

 Second/ankle rocker

 Third/forefoot rocker
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Gait Terminology

Perry J. Gait analysis: Normal and pathological function. 1992. Thorofare, NJ: Slack Incorporated.
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Case Studies

 Cerebral Palsy

 Diplegia

 Hemiplegia

 Meningomyelocele
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Gait Patterns in CP

Rodda J, Graham HK. Classification of gait patterns in spastic hemiplegia and spastic 
diplegia: a basis for a management algorithm. Eur J Neurol 2001; 8(s5): 98-108
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Case Study: CP Diplegia
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Case Study: CP Diplegia
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Video

 Cerebral Palsy, Diplegia

 Frontal

 Sagittal

 Frontal, AFOs

 Sagittal, AFOs

Video media/CP_Diplegia_FR.mov
Video media/CP_Diplegia_RT.mov
Video media/WB_Diplegia_FR.mov
Video media/WB_Diplegia_RT.mov
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Gait Patterns in CP

Roddy J, Graham HK. Classification of gait patterns in spastic hemiplegia and 
spastic diplegia: a basis for a management algorithm. Eur J Neurol 2001; 8(s5): 98-
108
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Case Study: CP Hemiplegia
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Case Study: CP Hemiplegia
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Case Study: CP Hemiplegia
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Video

 Cerebral Palsy, Hemiplegia

 Frontal

 Sagittal

 Frontal, AFO

 Sagittal, AFO

Video media/CP_Hemi_FR.mov
Video media/CP_Hemi_RT.mov
Video media/WB_Hemi_FR.mov
Video media/WB_Hemi_RT.mov
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Pathological Gait

Levels of Gait Abnormalities:

 Primary: Loss of selective motor control

Difficulties with balance

Abnormal muscle tone

 Secondary: Muscle contractures

Abnormal bone growth

 Tertiary: Coping mechanisms for 1° and 2°

Gage JR. The Treatment of Gait Problems in Cerebral Palsy. 2004; MacKeith Press:   London, UK



Sunny Hill Health Centre

Hip Pathology in Cerebral Palsy (CP)
 Muscle weakness

 Extensors/Abductors

 Spasticity and contractures

 Flexors/Adductors

 Mechanical dysfunction

 Short lever arm

 Malrotated lever arm

 Unstable fulcrum

 Impaired motor control
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Types of Lever Arm Dysfunction

 Malrotated lever arm

 Unstable fulcrum
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Knee Pathology in CP

 Lever arm dysfunction

 Inappropriate muscle moments
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Types of Lever Arm Dysfunction

 Positional lever arm dysfunction

http://www.scielo.br/revistas/clin/v62n1/a10fig01.gif
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Ankle Pathology in CP

 Inappropriate muscle moment

 Lever arm dysfunction

 Flexible lever arm

 Malpositioned lever arm
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Types of Lever Arm Dysfunction

 Short lever arm

 Flexible lever arm
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Case Study: Meningomyelocele
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Case Study: Meningomyelocele
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Case Study: Meningomyelocele
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Video

 Meningomyelocele

 Frontal

 Sagittal

 Frontal, AFOs

 Sagittal, AFOs

Video media/MMC_FR.mov
Video media/CP_Hemi_RT.mov
Video media/WB_MMC_FR.mov
Video media/WB_MMC_RT.mov
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Role of the Motion Lab

 Standardized

 3-Dimensional

 Detailed objective evaluation

 Enables direct comparison/follow-up
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Computerized Gait Analysis

 Requires extensive equipment

 Significant training/experience required for 
data interpretation

 Resources

 Not always available!
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Elements of Computerized Gait 
Analysis

 Kinematics

 Kinetics

 Muscle Activation

 Pedobarography
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Computerized Gait Analysis
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Computerized Gait Analysis

Measuring Kinematics

Position in space
• Joint angles
• Displacement
• Velocities
• Accelerations
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Pelvis Kinematics
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Hip Kinematics

Normal Function of the Hip:
• Power generation for movement
• Junction between lower extremities & trunk
• Minimizes vertical oscillation of the centre of mass
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Knee Kinematics

Normal Function of the Knee:
• Shock absorption in loading response
• Energy consumption
• Foot clearance during swing
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Ankle Kinematics

Requirements for Normal Function of the Ankle:
• Foot functions as stable platform
• Appropriate power generation/absorption of muscles
• Knee and ankle are in plane of progression
• Ankle has adequate ROM
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Computerized Gait Analysis

Measuring
Kinetics

Forces involved in producing movement
• Ground Reaction Forces (GRF)
• Joint Moments
• Joint Powers
• Muscle and Ligament Forces
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Computerized Gait Analysis

Muscle Activation:
Electromyography
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Computerized Gait Analysis

Pedobarography:
Plantar pressure distribution of the foot
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Recommendations

 Data are reviewed

 Each clinician contributes to analysis according 
to their area of expertise

 Recommendations emerge regarding

 Orthoses

 Therapeutic

 Surgical
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Criteria for Referral

 Specific question!

 PT, Orthopedic Surgeon, Physiatrist, 
Pediatrician, Orthotist or Prosthetist, GP

 5 years of age

 Able to tolerate sticker application and 
removal; 2-3 hour assessment

 Information re: orthoses (past/present)
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Motion Lab Referral 

http://www.bcchildrens.ca/our-services/sunny-hill-health-centre/our-services/gait-assessment

http://www.bcchildrens.ca/our-services/sunny-hill-health-centre/our-services/gait-assessment
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Motion Lab Team


