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INTRODUCTION 

Rehabilitation practice is involved in neurological patients 

who suffer from autonomy threatening movement disorders. 

These movement disorders are characterized by improper 

control of joint impedance. Intervention is focused on either 

neural (e.g. reflexes, co-contraction) or non-neural causes (i.e. 

passive components from connective tissues), or both. In case 

of suspected neural origin, intervention is aimed to reduce 

active muscle tone or blocking the stretch reflex loop by e.g. 

botulinum toxin [1], baclofen or intrathecal baclofen [2] or 

selective dorsal rhizotomy [3]. In case of suspected non-neural 

origin, corrective casting and splinting and surgery (tissue 

release and tendon lengthening) are applied [4]. Current 

clinical assessment of joint impedance is incapable of 

discriminating neural and non-neural components. 

Furthermore, clinical tests are performed under passive 

conditions that do not represent the daily active circumstances 

and the rating is subjective, ordinal and of low resolution [5-

11]. This leaves the clinician with uncertainties in treatment 

selection and doses assignment resulting in low success rates 

in improving mobility and a limited ability to objectively 

measure the outcome of interventions.  

 

ROBIN aims to distinguish the impedance of the human ankle 

joint into neural and non-neural components under active and 

passive conditions using precise quantitative measures. 

METHODS 

ROBIN requires a combined biomechanical and control 

engineering approach using open and closed loop System 

Identification and Parameter Estimation (SIPE) techniques 

(Figure 1). The estimated neuromuscular parameters will be 

compared to clinical scales: Ashworth and Modified Tardieu 

[11] for stroke; SPAT [12] and SPAS for Cerebral Palsy (CP). 

Single joint SIPE parameters will be evaluated against gait 

performance as the ultimate goal of treatment. This may result 

in novel diagnostic models and treatment scenarios, based on 

improved understanding of upper motor neuron disease 

induced changes of neuromuscular parameters. 

 

PROJECT DESIGN AND DISCUSSION 

 

From Linear to Nonlinear System Identification 

Previous studies demonstrated that linear SIPE techniques can 

quantify joint impedance into physiological meaningful 

parameters [13,14]. These linear techniques have been applied 

in cross-sectional studies for analysis of the neural loops in 

patients with dystonia and stroke [15,16]. However, linear 

techniques require the system to behave stationary, i.e. 

constant levels of torque and small angular displacements. 
 

 

 
Figure 1: Schematic representation of the technical approach. Torque perturbations are applied to the ankle joint while the patient performs a voluntary ankle 

rotation. The light grey line in the ‘angle output’ graph illustrates an assumed unperturbed trajectory. The opposite situation will also be applied: position 
perturbations with voluntary torque control. From the (dynamic) torque-angle relationship, the ankle impedance is identified using LPV models (Linear Parameter-

Varying state-space input-output structures), followed by parameterization of a physical model into the neural and non-neural parameters. 



 

Recently, de Vlugt et al. [17] developed a novel non-linear 

neuromuscular model for estimation of parameters  

determined over the whole range of joint motion. The results 

were compared with the Ashworth scale in stroke patients. 

Stroke patients were distinguished from controls by tissue 

stiffness, viscosity and to a lesser extent by reflexive torque. 

The parameters were sensitive to discriminate patients 

clinically graded by the Ashworth Score. Comparison of the 

Ashworth Score and neuromuscular parameters of patients 

with CP is yet ongoing. 

 

From Passive to Active Conditions Identification 

Existing nonlinear SIPE techniques are suited for passive 

conditions, i.e. where subjects are instructed not to intervene 

with the imposed movement perturbation. Because joint 

impedance obviously depends on muscle force, a new time 

variant identification method is being developed that deals 

with changing neuromuscular properties, due to variation in 

muscle force and joint angle. 

 

SIPE during walking: high frequent treadmill perturbations 

Single joint SIPE of the ankle will provide detailed 

neuromuscular parameters. Identified nonlinear relationships 

will be used for parameterization during walking. For this 

purpose, a high-end dual belt treadmill (ForceLink, The 

Netherlands) will be used, capable of imposing fast brief 

changes in treadmill velocity. 

 

Clinical Embedding of Neuromechanical Parameters 

ROBIN provides for new and available SIPE technology that 

will be clinically tested and validated. It will be integrated in 

daily clinical practice (Figure 2). In the initial phase the 

SIPE technology is tested and evaluated in healthy controls 

(n=30) and finally on stroke (CVA, n=15) and CP (n=15) 

patients not eligible for therapy. Neuromuscular parameters 

underlying joint impedance are estimated in the potential and 

quantitative phase for a cohort of patient using SIPE 

technology. This cohort of patients covers the entire clinical 

spectrum. In the potential phase the differences between 

stroke (n=105) and CP (n=145) patients are studied. In the 

quantitative phase the effect of treatment on the 

neuromuscular parameters is evaluated by pre- and post 

treatment assessment of neuromuscular parameters. The 

effects of different doses of botulinum toxin and baclofen are 

evaluated. To predict the treatment choice and outcome, at 

the end of the study the patients of each group receiving 

intervention will be randomly assigned to two groups. The 

data of one of these two groups is used to predict the proper 

treatment and outcome and will be compared to the actual 

given treatment and the clinical outcome (diagnostic phase).  

 

CONCLUSION 

SIPE techniques are very promising in discriminating neural 

and non-neural components of joint impedance. ROBIN 

wants to demonstrate and implement a robot based clinical 

assessment tool for valid quantification of the contributors to 

ankle joint impedance during voluntary movement. SIPE  
 

Figure 2: The parallel position of ROBIN (green) with respect to daily 

clinical practice (blue). Interventions are divided in botulinum toxin, 

splinting, intrathecal baclofen and selective dorsal rhizotomy. The 

AnkleMan (MOOG, The Netherlands) is used to perturb the human ankle 

joint. With “AnkleMan SIPE” it is possible to determine reflexive torque, 

activation and viscoelasticity; with “Gait SIPE” energy, performance and 

stability. 
 

technology will be clinically tested and validated in an 

extensive way. ROBIN sets out to ultimately improve 

treatment for movement disorders in neurological patients. 
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