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Abstract. In this paper the systems and methods for hand sensorimotor capability 

augmentation by means of FES are presented. The FES is used in combination with a force 

tracking system for therapeutic exercise of grasping in patients with upper limb disability. 

The methodologies for augmenting the force strength, reduction of spasticity and evaluation 

of sensorimotor capabilities are presented. The tracking system is designed to train finger 

flexor and extensor muscles through a force tracking task under isometric conditions. In the 

training, the closed-loop controlled FES is added to the tracking exercise to augment 

patient's voluntary activity. The actual forces are acquired by a special designed adjustable 

measurement device with two force sensors. The tracking system was evaluated in 

experimental training study with two incomplete tetraplegic patients over a period of four 

weeks. The results suggest that the augmentation of voluntary grip control and the increase 

of hand strength are possible with presented system. 
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1. Introduction  

Grasping and manipulating objects requires versatile control of grip forces. 

Central nervous system (CNS) injury or disease can result in the loss of sensory 

and motor functions in the upper extremities, which reduces hand functionality. 

Due to such impairment, patients have trouble or are incapable of grasping and 

manipulating objects [1].  

Assessment of hand function is important for therapists to evaluate the 

condition of lesion and to monitor the progress of therapy. Tracking tasks 

proved to be suitable for measurement of sensorimotor capability of the hand 

[2]. Beside the evaluation, the tracking systems can also be used as a training 

tool. It was shown that the force tracking training improved accuracy of grip 

force control and increased grip strength [3]. 

In addition to conventional therapy the functional electrical stimulation 

(FES) can be used during rehabilitation period. Surface FES is suitable for use 

during rehabilitation, because it is practical for usage and is noninvasive [1]. 

The majority of FES systems used in clinical practice are open-loop controlled 

by therapist or patient. Specific and fixed tasks can be achieved with pre-

programmed stimulation patterns. On an experimental level the closed-loop 

controlled FES systems have being developed and tested. Closed-loop FES 




