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• Cerebral palsy is a group of disorders of movement and posture.

• 1‐3/1000 live births, in high income countries

• Male : female of 1.4 : 1

• Caused by abnormalities in brain development

• Affects movement, posture, and muscle coordination differently 

• We can diagnose children as at ‘high risk of CP’ at three months of age

• There's currently no cure for cerebral palsy

• Technology-driven interventions may improve quality of daily life.

Quick facts
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Gross Motor Functional Classification System (GMFCS)
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• Gait abnormalities vary based on the type of CP

• Hemiplegic children: 
• Varus foot deformities (foot turns inward). 

• Severe hip flexion, 

• Diplegic children: 
• equines foot and stiffness of knee joint.

• Quadriplegic:
• Excessive adduction at hip, increase frequency of immense knee flexion, 

scissoring and valgus foot deformities. 

• Crouching and out-toeing, which are gait issues, become more 
common as children get older 

Gait Abnormalities
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Diagnosis and Assessment
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Data Collection Tools

➢Clinical Assessment

➢  6-Minute Walking Test

➢ 10 Meter Walk test

➢Gross Motor Function Measure

➢Berg Balance Scale (BBS)
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Data Collection Tools

➢Biomechanical Assessments

➢ Electromyography

➢ 3-D Motion Capture Through IMUs

➢ Smart Insoles

➢ Eye tracking for cognitive and behavioral assessments
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Berg Balance 
Scale (BBS)
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Balance 
Assessment

Static Balance Dynamic Balance Functional Balance

Clinical test Balance Error 

Scoring System 

6 MWT

10MWT

FWT

10mSRT

FAC & FTSST

GMFCS

TUGT & TUDT

BBS or PBS

CB&M, TCMS, FRT

QFM, MBI

Instrumental 

assessment

Accelerometer 

IMU

EMG

Pressure 

platforms

Accelerometer 

IMU

EMG

GAITRite System

Accelerometer 

IMU

EMG

Pressure platforms 

GAITRite System 

Measured 

parameters

COP, COM

Sway area, path, 

& velocity

Acceleration,

Jerk & frequency 

COM

Spatiotemporal 

parameters

Combination of static 

and dynamic balance 

parameters
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• Abnormal Spatio-temporal parameters

• Muscle weakness and coordination deficits

• Balance and postural instability

Biomechanical Challenges in CP Gait
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• Two tasks:
• Finding the optimal unweighing such that subjects comfortably load both foot evenly 

• Provide dynamic unweighing during treadmill-based Gait training

Adaptive Body Weight Support System With 
Biofeedback
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• Biofeedback:
• Helps subjects in loading both 

their feet evenly

Adaptive Body Weight Support System 
With Biofeedback
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• Effects of unloading and Biofeedback:

Adaptive Body Weight Support System With 
Biofeedback
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Robot-Assisted 
Gait 

Rehabilitation
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Robot-Assisted Gait Rehabilitation

Spatial parameters (distance/geometry-based measurements):
•Stride length
•Step length
•Step width

Temporal parameters (time-based measurements):
•Stride time
•Swing time
•Stance time
•Double support time
•Step time

Combined spatial-temporal parameter:
•Cadence 
•Speed / walking velocity
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Robot-Assisted Gait Rehabilitation
Assessment using Composite Gait Scores

Gait deviation index (GDI): cadence, speed, stride length, stance/swing, double support

Gait symmetry index (GSI): stride time, swing, step length

Coefficient of variation (CV): stride time, step time, step length

Cadence efficiency index (CEI): cadence, speed, step length

Double support ratio (DSR): double support time, stride time

Stance-Swing ratio (SSR): stance time, swing time

Pressure loading index (PLI): insole pressure (σ(𝐿1– 𝐿16)/σ(𝑅1– 𝑅16))

Gait performance index (GPI): 

𝐺𝑃𝐼 = (𝑤₁ · 𝐺𝑆𝐼 +  𝑤₂ · 𝐶𝑉 +  𝑤₃ · 𝐷𝑆𝑅 +  𝑤₄ · 𝑆𝑆𝑅 +  𝑤₅ · 𝑃𝐿𝐼) / Σ𝑤ᵢ
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Robot-Assisted Gait Rehabilitation
Artificial Intelligence-based CP Gait Performance Profile

Gait performance index (GPI): 

𝐺𝑃𝐼 = (𝑤₁ · 𝐺𝑆𝐼 +  𝑤₂ · 𝐶𝑉 +  𝑤₃ · 𝐷𝑆𝑅 +  𝑤₄ · 𝑆𝑆𝑅 +  𝑤₅ · 𝑃𝐿𝐼) / Σ𝑤ᵢ

A scalar GPI combines five clinically distinct dimensions into one number and 
we lose information.

Domain Parameters

Symmetry GSI, left/right step length, stance time symmetry

Stability CV of stride time, step width, CoP variability

Support control Double support ratio, stance-swing ratio

Propulsion / efficiency speed, cadence, stride length

Plantar loading PLI, left-right pressure distribution, heel/forefoot loading
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Perturbation-based Interventions for 
Improving Balance
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Ground Perturbations

This system trains the 
neuromuscular system 
rather than just isolated 
muscles.
The 6 fundamental 
movements:
Bounce 
Step
Squat
Sprint
Wave
Sideways 
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Transverse Perturbations
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Transverse Perturbations
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Results from Multi-plane Robot-based 
Perturbation Training

Perturbation Plane Main Strategy Key Muscle Groups

Frontal (ML) Hip + ankle strategy

Gluteus medius, TFL, 
quadratus lumborum, 
peroneus longus, tibialis 
anterior

Sagittal (AP) Ankle + hip strategy
Gastrocnemius, soleus, 
tibialis anterior, quadriceps, 
hamstrings, gluteus maximus

Transverse (rotational) Trunk stabilization
Obliques, erector spinae, 
multifidus, deep hip rotators
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Results from Multi-plane Robot-based 
Perturbation Training

Targeting Pathologies

Perturbation Direction Target Muscles Pathology Potentially Improved

Mediolateral gluteus medius, QL
pelvic obliquity, Trendelenburg

Anterior–posterior plantarflexors, quadriceps
crouch gait, weak push-off

Rotational obliques, multifidus trunk instability



Q & A
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