
Análise do movimento na avaliação dos 
déficits neuromotores.

Marcos Crespo

Jefe de Ingeniería en Rehabilitación
Coordinador del Laboratorio de Análisis de Marcha y Movimiento



21.000 M2
80 Camas 

operativas

1 Piscina

430 

Empleados

6 Gimnasios

Laboratorio 

de Marcha
Simulador de 

Manejo

Unidad de Tecnología 

Asistiva y Tecnología 

en Rehabilitación

6 Dormis





20 years of
experience

+4000 
analysis

+3000
Patients

250
Eval/year

84%
<18 years old

*2021-2023

56%

15%

The Gaitlab in numbers



Assessment and treatment of gait dysfunctions in children with 
Cerebral Palsy

Primary problems (Injury)
SMC, weakness, balance, muscle tone

Secondary problems (growth)
Muscle contractures. Bone deformities

Tertiary problems
Compensation

Multifactorial – Multilevel – Three-dimensional



Instrumented Clinical Gait Analysis (CGA)

Physical exam
Kinematics

Kinetics
Dynamic electromyography

Instrumented Measurement

Biomechanical interpretation

Conventional video, images, baropodometry, muscle dynamics.



Kinematics



Kinematics
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Cinemática



Cinemática



X-AXIS

Percentage of the gait cycle. 

Scale never changes

Support Phase/Swing Phase

Y-AXIS

Angular variation in degrees

Scale changes for each joint/plane

Apoyo Balanceo

Despegue del pie



Interpreting kinematics data
Characteristic patterns in cerebral palsy 



Delayed peak knee flexion in swinging

Decreased dynamic range of knee in 
sagittal plane

Stiff knee



Secondary to stiff knee and equinus in 
contralateral swing (Right)

Secondary to spasticity of plantar flexors (Left)

Ankle double bump



Initial Contact ≥ 20°

(Rozumalski and Schwartz 2008)

IC and medium support

(Sutherland and Davis 1993, 

Arnold et al. 2006, Hicks et al. 2008)

Ankle dorsiflexion

(Rodda et al. 2004.)

Lever arm dysfunctions

front and transverse planes

(Gage 2004)

Crouch gait



Kinetics

Ground reaction force

Vertical: Body support
Antero-Post: Propulsion/Deceleration
Medio-Lateral: Balance 



Kinetics

M 

F

d

Moment = Force x Distance

External Moment
Ground reaction force and segment weight
Internal Moment
Forces produced by muscles, ligaments and tendons



Kinetics

Power
Generated
Concentric contraction/acceleration
Absorbed
Eccentric contraction/deceleration 



Kinetics



Interpreting kinetics data
Characteristic patterns in cerebral palsy 



Plantar Flexor/Knee Extensor couple





Plantar flexor weakness

Lever arm disfunction 
Insufficient PF/KE coupe



Increased activity of plantar flexors Excessive PF/KE couple



Dynamic electromyography 



List of problems

Treatment



Total procedures are reduced.

More conservative/physiological treatments

Economic/Social impact 

Impact of outcome evaluation

Clinical Gait Analysis 



Clinical efficacy of instrumented gait analysis: Systematic 

review 2020 update

The literature on 3DGA has increased.

There is strong evidence that 3DGA changes and reinforces treatment decisions.

3DGA increases confidence in treatment planning and agreement among physicians.

3DGA helps define diagnostic groups and understand expected treatment outcomes.

3DGA can improve outcomes if recommendations are followed.

Tishya A L Wren, Carole A Tucker, Susan A Rethlefsen, George E Gorton 3rd , Sylvia Õunpuu

Children's Orthopaedic Center, Children's Hospital Los Angeles, Los Angeles, CA, USA. 
Temple University, Philadelphia, PA, USA.
Children's Orthopaedic Center, Children's Hospital Los Angeles, Los Angeles, CA, USA.
Shriners Hospitals for Children, Springfield, MA, USA.
Connecticut Children's Medical Center, Farmington, CT, USA. 



Treatment outcomes. Research



Algoritmo Random Forest
Breiman, L. Machine Learning (2001) 45: 5.

Treatment outcomes. Prediction



Adult Neurological Gait Analysis





Upper Limb Biomechanics



Biomechanics of Wheelchair Propulsion



Three-dimensional running analysis

• 3D angular kinematics of: trunk, pelvis, hip, knee, ankle, foot and arms

• Surface electromyography of up to 10 muscle groups simultaneously

• Critical biomechanical parameters 

• Length and muscle lengthening velocity

Daiana Ocampo. Maratón
Campeona nacional 42K 2021



Three-dimensional jump analysis 

Vertical jump. CMJ
Horizontal Jump 

One foot jump

Maximiliano Diaz. Salto Triple
Campeón Sudamericano y 10 veces campeón nacional



MUSCULOSKELETAL MODELING

Delp, S.L., Anderson, F.C., Arnold, A.S., Loan, P., Habib, A., John, C.T., Guendelman, E., Thelen, D.G.
OpenSim: Open-source software to create and analyze dynamic simulations of movement. IEEE Transactions on Biomedical Engineering, 54(11), pp 1940-1950. (2007)



Musculoskeletal Modeling



Does Rectus Femoris Transfer Surgery Improve the Muscle Energy Eficence in Stiff-knee Gait? 
1Emiliano P Ravera, 2Marcos Núñez. 2Daniel Yedlin, 2Eduardo Samara, 2Marcos J Crespo and 1Paola A Catalfamo Formento.

M. D. Fox, et al., J. Biomech., 42:614–619, 2009.
S. L. Delp, et al., IEEE Trans. Biomed. Eng., 54:1940–50, 2007.

La transferencia de RF mejoró la 
eficiencia energética del RF

5 niños con ECNE DE. GMFCS I and II, Sin asistencia de marcha Patrón de rodilla rígida. Transferencia de RF a sartorio



SPECIFIC POPULATION MODELS

Dimensionless ME 
model

(Millard et al. 2013)

Escalado OpenSIM

Morphological fit for children 
(TSL, OFL)

(Modenese, 2016, Davico, 2020)

Weakness due to infiltration of muscle fat. (Kainz et al, 2018). 
Lower Maximum isometric force (van der Krogt et al. 2016)

Tendon slack length: TSL increased 10% (Barber et al. 2012)

Reduced volume and section area. (Barrett and Lichtwark, 2010). 

Optimal fiber length -30% (Mathewson and Lieber, 2015

IK
CMC 

OpenSIM
(Thelen 2003)

Paediatric population

Cerebral palsy



Generator of specific bone 
morphology 

(Carman, 2022)

Automatic generator of a 
customized musculoskeletal model.

(Modenese and Renaut, 2021)
Results Report Generator

Innovative Solutions for Software Challenges

MODELOS ESPECIFICOS DE PACIENTE



“Technology is only as good as the people who use it”“Technology is only as good as the people who use it”

Measuring Walking: A Handbook of Clinical Gait Analysis de Richard W. Baker



Muchas Gracias!

Laboratorio de Análisis 
de Marcha y Movimiento

Muito obrigado!!
mcrespo@fleni.org.ar


