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Abstract 
Recent studies have suggested that physical rehabilitation performed with robotic 
devices can enhance arm movement recovery following stroke.  In these studies, the 
robotic devices mechanically assisted arm movement as the patient attempted to 
move. Although this “robotic active assist” technique has shown promise, a key 
question remains unanswered: is the mechanical assistance provided by the robots 
necessary, or is it primarily the repetitive movement attempts by the patients that 
stimulate recovery?  We are using a novel robotic device called the Assisted 
Rehabilitation and Measurement (ARM) Guide to investigate this question.  To date, 
ten subjects have completed twenty-four therapy sessions over an eight-week period, 
randomized to either a robot exercise group (N = 6) or non-robotic exercise group (N 
= 4).  For the robot exercise group, the ARM Guide mechanically assisted in 
reaching to a series of targets.  For the non-robotic group, the subjects performed 
unassisted, unrestrained reaching exercises to the same targets for the same number 
of repetitions as the ARM Guide group.  All subjects have been evaluated using a set 
of clinical and biomechanical measures of arm movement. The ten subjects tested so 
far have shown improvement in the measures after completion of both exercise 
programs. However, the amount of improvement has been comparable for the robot 
and free reaching groups.  Although the subject numbers are currently insufficient to 
draw a definitive conclusion, these results are suggestive that the repetitive 
movement attempts by the patient, rather than the active assistance from the ARM 
Guide, are the primary stimuli to recovery.  

1. Introduction 
Several recent studies have suggested that robotic devices can enhance arm movement 
recovery in stroke patients [1-5].  In these studies, patients have performed repetitive 
movement exercise with robotic devices attached to their arms. The robotic devices have 
physically assisted in arm movement using a variety of control approaches. This “robotic 
active assist” therapy has been shown to improve arm movement recovery in acute stroke 
patients [2, 4] and chronic stroke patients [1, 3] according to coarse clinical scales and 
quantitative measures of strength and active range of motion. 
  Despite these promising results, a key question remains unanswered: is robotic 
active assistance really necessary to enhance movement recovery?  The robotic therapy 
methods used so far can be viewed as consisting of two key components: repetitive, 
voluntary movement attempts by the patient, and mechanical assistance by the robot.  It is 



possible that the repetitive movement attempts by the patient are the primary stimulus for 
recovery, rather than the robot assistance.  Indeed, unassisted, repetitive movement has 
been shown previously to enhance movement recovery [6, 7].  If repetitive movement 
attempts are the primary stimulus for recovery, it should then be possible to turn off the 
robot’s motors during robotic therapy, or simply to remove the robot, and achieve a similar 
rehabilitative benefit.  

In order to address this question, we are using a novel device called the Assisted 
Rehabilitation and Measurement (ARM) Guide to provide robotic active assist therapy to 
chronic stroke subjects.  We are providing therapy with the ARM Guide to one group of 
subjects, and comparing the results to a matched amount of unassisted, free reaching 
exercise performed by another group.  This paper presents the results for the first ten 
subjects that have been tested. 
 

2. Methods 
The ARM Guide [3] is a singly-actuated, four degree-of-freedom robotic device (Figure 1).  
It consists of a handpiece attached to an orientable linear track. A DC servo motor (M) can 
assist in movement of the subject’s arm (A) in the reaching direction (R) along the linear 
track. Optical encoders record position in the reach (R), elevation (E) and yaw (Y) axes.  A 
six-axis force sensor (F) records the forces and torques at the interface between the device 
and the subject. 
 

Figure 1. Diagram and photo of the ARM Guide 
 

Ten subjects with chronic arm impairment due to hemiparetic stroke have 
participated in the study at the time of writing.  All subjects were stratified by level of 
impairment according to the Chedoke-McMaster Upper Extremity Stroke Assessment 
Scale, which assigns a score of 0 for no movement through 7 for normal movement [8].  
Within their Chedoke level, subjects were randomly assigned to one of two therapy groups.  
Subjects in the first group (N = 6) participated in robotic, active assist, reaching therapy 
with the ARM Guide.  Subjects in the second group (N = 4) participated in free-reaching 
exercise in which they used their impaired arms to practice reaching a matched number of 
times. Each subject participated in twenty-four therapy sessions over eight weeks and three 
evaluation sessions before and after therapy (Table 1). 
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ARM Guide Therapy 
For the robotic active assist therapy, seven targets were selected to span a substantial 
fraction of the reaching workspace (roughly ±22.5° yaw and 0° to 30° elevation, where 0° 
yaw is defined as straight ahead, and 0° elevation is defined as horizontal).  During therapy, 
the ARM Guide was pointed toward the selected target and the beginning and end points of 
the passive range of motion were entered into a control computer along with the desired 
peak velocity that varied with a subject’s movement ability.  A fifth-order polynomial 
trajectory was planned that spanned each subject’s passive range of motion.  The subject 
was instructed to voluntarily move the hand to a start position (roughly 0° shoulder flexion, 
15° shoulder abduction, with elbow flexed) and then to reach forward as far and as fast as 
possible.  If the forward reaching trajectory followed the planned trajectory within a 1-cm 
deadband, then the motor provided no assistance or resistance.  However, if the subject’s 
hand position was outside of the deadband, the motor was activated using a proportional-
derivative control law to correct the error continuously through the range of motion [9].  
Magnetic particle brakes maintained the general orientation of the track.  However, a small 
amount of compliant off-axis motion in the yaw and pitch directions was allowed.  
Graphical feedback of the hand position along the track and of the track’s off-axis 
movement was given to the subject during reaching.  Feedback of the amount of motor 
assistance was also provided after every 5 reaches, and subjects were instructed to try to 
minimize the motor assistance.  Therapy consisted of ten reaches to each of the seven 
targets for each session. 
 

B A S E L IN E T H E R A PY F O L L O W -U P
W E E K : 1 2 3 4  th ru  11 12 13 14 35

B M B M B M T T T B M B M B M B M
C E 3 per w eek C E

B M  = B IO M E C H A N IC A L  E V A L U A T IO N
C E  =  C L IN IC A L  E V A L U A T IO N
T  =  T H E R A PY  

Table 1.  Timeline for evaluations and therapy 

Free Reaching Therapy 
The exercise protocol for the free-reaching therapy was matched to the ARM Guide 
protocol, except that the free reaching was performed while unattached to the ARM Guide.  
Thus, in contrast to the robotic therapy, the subject’s movement was not constrained to 
move in a straight line nor did a motor assist it.  Subjects were instructed to begin 
movement with the hand resting on the lap, then to bring the hand as close as possible to 
the target, reaching at a comfortable speed.  Targets were located on a wall-screen in front 
of the subject at locations identical to the ARM Guide targets.  A Flock of Birds sensor was 
located on the hand to record movement.  Again, ten reaches were performed with the same 
target order as for the ARM Guide therapy group.  After every five movements the subjects 
viewed graphical feedback of their range (how close their hand was to the target at the 
minimum point) and the smoothness of the movements (ratio of their hand path-length to a 
straight line).  
 
Evaluations 
Pre- and post-therapy functional assessment of the hemiparetic arm was performed by a 
blinded therapist using the Chedoke-McMaster scale [8] and the Rancho Los Amigos test 
[10] (Table 1).  In the Chedoke-McMaster test, impairment is graded based on ability to 
perform specific multi-joint movements.  The Rancho Los Amigos test consists of a series 
of timed functional daily tasks (e.g. folding a bed sheet).  In addition to these clinical 



evaluations, subjects participated in biomechanical evaluations to assess the passive and 
active properties of the hemiparetic arm. Once per week for the first three weeks and the 
last three weeks of the program, the ARM Guide was used to apply slow stretches to the 
arm with the subject relaxed and the force sensor recorded the passive forces restraining the 
movement.  To examine a subject’s voluntary reaching range and velocity the motor was 
disabled and the subject was instructed to reach as far and as fast as possible.  Range and 
velocity were calculated from the optical encoder data about the motor shaft.   
 

3. Results 
 
Functional Evaluations 
Subjects in both groups demonstrated observable improvements in the clinical assessments 
(Table 2).  One subject from the ARM Guide group and three from the free reaching group 
improved by one Chedoke-McMaster score level.  Others showed improvements within 
their level by achieving certain voluntary arm motions that were not possible before 
therapy, but did not exhibit an increase in this coarse clinical measurement.  All subjects 
who completed the Rancho Los Amigos test decreased the time needed to complete at least 
some of the tasks (Table 2).  Most showed improved times in at least 2 tasks and some 
were able to complete tasks after therapy that could not be completed before. 

Table 2.  Results from the functional evaluations.  The Chedoke-McMaster scores (0-7 scale) 
improved one full level in one ARM Guide subject and three free reaching subjects.  For the 
Rancho Los Amigos test, the values shown are decreases in the time (in seconds) needed to 
complete a task between preliminary and post-therapy testing. A negative score means that there 
was an increase in the time to completion of a task.  A dash (-) represents a task that could not be 
completed either before or after therapy.  A plus (+) represents a task that could be completed after 
therapy but not before. 

 
Biomechanical Evaluations 
The biomechanical evaluations also showed significant improvements in both therapy 
groups following completion of the exercise program.  In comparing the three preliminary 
evaluations (1-3) to the three post-therapy evaluations (4-6), both subject groups 
demonstrated improved active range-of-motion and increased peak velocity during 
unassisted, fast-as-possible reaching along the ARM Guide.  Both groups also 
demonstrated decreased passive resistance to movement imposed by the ARM Guide 
(Figure 2). The average magnitude of improvement for these measures was comparable 
between the free reaching and ARM Guide groups (Figure 2).  ANOVA of all three 

  Chedoke Rancho Los Amigos Task
Pre Post A B C D E F G H I J K L M N O

ARM Guide
AG1 2 2 rancho test not performed
AG2 2 2 0 0 10 - + - - - - - - - - - -
AG3 3 3 0 0 0 -6 40 12 12 117 135 - - - - - -
AG4 3 3 rancho test not performed
AG5 4 4 0 -4 -3 -4 35 -1 -2 -33 0 -3 2 -1 0 - -
AG6 4 5 0 1 0 1 -1 5 15 12 12 13 5 11 9 24 -6

Free reach
FR1 2 3 0 0 10 - 0 - - - - - - - - - -
FR2 4 5 0 0 0 -1 -8 10 0 - - - - - - - -
FR3 4 5 0 0 1 2 12 6 0 6 - 0 + + - - -
FR4 5 5 0 0 5 5 25 0 0 -5 50 5 7 0 - - -



measures revealed a significant difference (p < 0.05) between the preliminary values and 
the post-therapy values for both groups of subjects, indicating definite improvement.  
Conversely, a significant difference was not found between the two groups within the same 
measurements. 
 
4. Discussion 
These data must be interpreted with caution due to the small number of subjects, and the 
slightly greater starting impairment level in the ARM Guide group, as quantified by the 
Chedoke scale.  However, these results are clearly suggestive.  Both groups improved their 
movement ability, but by about the same amount, according to the quantitative 
biomechanical measures.  Thus, robotic active assist therapy as implemented with the ARM 
Guide appears to be sufficient for enhancing movement recovery, but may not be 
necessary. Based on these preliminary results, we hypothesize that it is the action of 
repetitively attempting to move, rather than the mechanical assistance provided by the 
robot, that is the primary stimulus to arm movement recovery in current robotic therapy 
paradigms.  Such a hypothesis is consistent with “constraint-induced therapy” paradigms in 
which stoke patients are forced to repetitively use their impaired arm by restraining their 
unimpaired arm. Such unassisted movement training results in substantial functional 
movement gains and is accompanied by cortical reorganization [7].  Our “repetitive 
movement hypothesis” also coincides well with common experience: for the most part, we 
learn to move our arms by trying to move our arms, without recourse to mechanical 
assistance. The same principle may apply following neurologic injury. 

Of course it may be that the particular form of active assistance provided by the 
ARM Guide is not optimal.  Other devices with their own versions of active assistance may 
ultimately prove superior to the ARM Guide, and may demonstrate a benefit over 
unassisted exercise.  For example, the MIT-MANUS device can assist planar motion rather 
than constraining motion to a linear path, and this may be therapeutically beneficial.  The 
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Figure 2.  Biomechanical 
measurements of the ARM Guide (x) 
and free reaching (o) subjects.  The 
first three evaluations were 
performed before the therapy 
program and the last three were 
performed after. The measures were 
normalized by subtracting their 
values from the first evaluation. Bars 
show one s.d. 



MIME device can assist in 3D movements besides straight-line movements and in 
bimanual therapy, and again, these features may be therapeutically beneficial.   

Our current results with the ARM Guide suggest that it would be prudent to 
evaluate other current and future robotic devices using a comparison group that performs a 
matched amount of exercise, but with the robot’s actuators turned off or with the robot 
completely absent.  We also note that active assistance is but one of many possible “hands-
on” therapy paradigms that could be implemented using robots [11].  Robotic therapy 
techniques that mimic other traditional therapy techniques or that apply novel patterns of 
force may ultimately prove more effective than unassisted exercise.  
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