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INTRODUCTION 

Rehabilitation on a neurophysiological basis must give the 

patient the possibility to repeat the predefined exercises 

independently. Today, many robots used in rehabilitation 

solved this problem but end-effector based rehabilitation 

robots consider also the motion planning. There is a need to 

standardize the movement which has to be reproducible, but 

does not constrain the patient’s movement strategies. In order 

to fulfil these requirements a robot-arm has been used to 

define a movement path which is repeatable and adaptable to 

the patient’s group and age, yet allowing the patient to make 

the trajectory planning on his own in joints (or joint axes) in 

which the type of exercise allows the variations. 

 

METHODS 

To enhance the reproducibility of upper extremity movement, 

a 6 degrees of freedom (DoF) KUKA robot-arm (Figure 1) 

was used to predefine the motion. The patient had to follow 

the end-effector of the robot with a pointer (Figure 1). For 

validation of the reproducibility of joint angles, a goal-directed 

movement was compared with the same motion guided by the 

robot. For this purpose, a relatively complex, three-

dimensional daily activity referred to as ‘Removing a parking 

token’ [1] has been chosen. The subject was asked to perform 

three times the sequence of movements required to remove a 

parking token from a dispenser at the car-park, from a seated 

position in a car. The robot-guided movement was performed 

using the pre-programmed 3D motion path, also with three 

motion cycles. Both trials were repeated at least a day after the 

first measurement. The joint angles were calculated for the 

shoulder joint and flexion / extension axis in elbow joint for 

each trial by using a Vicon MX system with 10 cameras and 

the biomechanical model from [1, 2]. 

The intra-individual reproducibility of the movement was 

evaluated using the Pearson product–moment correlation 

coefficients between the two independent trials for each 

rotational axis of shoulder and flexion / extension of elbow 

joint. 

The experiments were performed on the dominant arm of 

seven subjects (5 male and 2 female) who participated in the 

study. They were all healthy, ages 22–32, and gave informed 

consent prior to the experiments. 

 

 

 

RESULTS AND DISCUSSION 

Table 1 shows the mean values and standard deviations of the 

correlation coefficients obtained from the trials performed by 

7 subjects. 

 

 
 

Figure 1:  A robot arm presents a 3D-path. The patients 

follow the robot’s end-effector with a pointer. This way the 

robot can guide the endeffector of the patient’s arm. 

 

The mean values of the correlation coefficients (Table 1) 

obtained for the robot-guided movement (0.66–0.87) were 

significantly higher (p<0.001) than those for the goal-directed 

movement (0.42–0.56). The ranges of the standard deviations 

of the mean correlation coefficient were 0.11–0.27 and 0.37–

0.45, respectively. 

In order to test the inter-individual variations in the movement 

performance, firstly the mean values and standard deviation of 

the joint angles of the second repetition in both trials have 

been calculated. Afterwards the mean values of the standard 

deviations from 7 subjects for each measured joint axis were 

determined which represent the inter-individual variations of 

the joint angles. Table 2 shows that they were significantly 

smaller (p<0.036) for the guided movement (7.28°–21.781°) 

than for the goal-directed movement (9.59°–27.51°). 
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CONCLUSIONS 

The results show that both intra-and inter-individual 

differences in joint angles decreased using predefined robot 

paths. The decrease of intra- and inter-individual differences 

by using robot guided movements shows the potential of using 

robots in rehabilitation because they enables the patient to do 

reproducible, though not constraining the patient’s movement 

strategies movements. This is essential for rehabilitation on 

neurophysiological basis. Furthermore the ability to calculate 

the joint angles for the complete joint chain of the arm 

facilitates not only monitoring of the functionality of the joint 

investigated, but also the analysis of individual movement 

strategies. It can thus provide an answer to a number of 

questions e.g. ‘How is an injury of one joint compensated for 

in other joints?’. 
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Table 1: Mean values and standard deviations of the correlation coefficients of joint angles between two trials for the goal-directed 

and robot-guided task. The flexion/extension (flex/ext), abduction/adduction (abd/add) and inner/outer 

rotation (inn/out) axes of the shoulder joint and the flexion/extension (flex/ext) axis of the elbow joint were considered. [3] 

 

Movement  Goal directed Robot guided 

Correlation coefficients ( mean value and standard deviation) 

Flex/ext 0.56 ± 0.39 0.81 ± 0.22 

Abd/add 0.55 ± 0.37 0.87 ± 0.11 

Shoulder 

Inn/out 0.42 ± 0.45 0.66 ± 0.27 

Elbow Flex/ext 0.52 ± 0.39 0.79 ± 0.24 

 

 

 

Table 2: The mean values of the standard deviations of the second repetition for both tasks from 7 subjects for each measured joint 

axis. The flexion/extension (flex/ext), abduction/adduction (abd/add) and inner/outer rotation (inn/out) axes of the shoulder joint 

and the flexion/extension (flex/ext) axis of the elbow joint were considered. [3] 

 

Movement  Goal directed Robot guided 

Standard deviation (mean value) 

Flex/ext ±17.20° ± 14.69° 

Abd/add ±  9.59° ±   7.24° 

Shoulder 

Inn/out ± 21.45° ± 14.16° 

Elbow Flex/ext ± 27.50° ± 21.78° 

 

 


