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Background and Purpose. Training in the virtual environment in post stroke rehab is being established as a new approach for
neurorehabilitation, specifically, ReoTherapy (REO) a robot-assisted virtual training device. Trunk stabilization strapping has been
part of the concept with this device, and literature is lacking to support this for long-term functional changes with individuals after
stroke. The purpose of this case series was to measure the feasibility of auditory trunk sensor feedback during REO therapy,
in moderate to severely impaired individuals after stroke. Case Description. Using an open label crossover comparison design, 3
chronic stroke subjects were trained for 12 sessions over six weeks on either the REO or the control condition of task related training
(TRT); after a washout period of 4 weeks; the alternative therapy was given. Outcomes. With both interventions, clinically relevant
improvements were found for measures of body function and structure, as well as for activity, for two participants. Providing
auditory feedback during REO training for trunk control was found to be feasible. Discussion. The degree of changes evident
varied per protocol and may be due to the appropriateness of the technique chosen, as well as based on patients impaired arm

motor control.

1. Background and Purpose

Stroke is the leading cause of long-term disability in the
United States, as there are estimated 6.4 million Americans
that have survived a stroke and are now living with minor-to-
severe activity limitations [1]. Activity limitations are often
associated with persistent impairment of the upper limb.
Specific impairments in this group can range from loss of
range of motion, to impaired force generation, to decreased
reaction times. These impairments can all lead to loss of
arm function and further deficits in motor control, severely
affecting a person’s ability to live independently [2].
Training utilizing repetitive task practice strategies in
poststroke rehab is an evolving method of treatment with a
variety of treatment regimens possible. Recently, the applica-
tion of various robotic systems to incorporate repetitive task
practice and facilitate real-world tasks in stroke rehabilitation

has been investigated [3-6]. However, since this ground-
breaking form of treatment is so new, protocols are not well
established and the differences between the robotic devices
being used have led to difficulty in establishing specificity
within protocols.

In 2 recent reviews evaluating the effect of robotic
therapy on the upper limb of individuals after stroke, the
high variability of all the work completed to date limited
the determination of the effectiveness of this type of therapy
[3, 4]. One report indicated that even with robotic training,
compensatory movement strategies were still a confluence
and needed to be controlled [3]. According to prior robotic
therapy investigations in this realm, the ideal candidates are
those individuals who are quite impaired in their movement
and are unable to perform the forward reaching movement
without having the arm supported from the elbow to the
hand [3-6]. However, individuals after stroke in the acute
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phase [5] as well as in the chronic phase [5] with mild-to-
moderately severe impairments, have been shown to benefit
from robotic therapy through various measures.

One delving question in poststroke rehabilitation is what
is beneficial with individuals who are quite impaired and how
great is the level of impairment where one can still benefit
from the therapy [6]? One investigation that attempted to
answer this question trained individuals at least 6 months
after stroke onset, who were considered moderate to severe
(average upper extremity Fugl Meyer {FMA} 9/66) and
utilized passive supported therapy in a gravity-eliminated
position [7]. The results for that investigation revealed
impairment and disability level changes (functional changes
were not assessed). One multicenter, randomized controlled
trial evaluating the effectives of robotics in long-term upper-
limb impairment led to no improvement in motor function
immediately after training, but did show improved outcomes
9 months after therapy was complete (as compared to
usual care with nondescript therapy) [8]. There was a third
comparative group in that investigation that led to similar
changes as the robotic group. Thus, more intense analysis of
robotic therapy is necessary to help us understand how these
results can translate into regularly used training protocols.

The robot-aided device REO has had only one pilot
investigation and one feasibility study completed to date
[9, 10]. This REO system involves the patient being securely
constrained to a device that can facilitate passive, active
assisted, and active movement while avoiding compensatory
trunk movement. Similar to the robotic devices discussed
previously, the REO provides visual and auditory feedback
as a means to enhance motor learning. In addition, this
device forces the restriction of the trunk movement by use
of a strap across the shoulder connected to the chair. The
one pilot investigation mentioned did result in changes for a
variety of patient levels on various outcome measures (FMA,
strength, spasticity, and pain); however, no control condition
was utilized [9]. The feasibility investigation noted that
moderately impaired individuals after stroke (FMA 35/66)
that were in inpatient rehab were accepting of the device
and demonstrated significant changes on the FMA, but again
there was no control condition [10].

Several investigations that have controlled the com-
pensatory strategies of individuals after stroke onset have
been undertaken recently [11-13]. A review paper [11] and
a proof of concept paper [12] evaluated how controlling
compensatory movements through feedback was incorpo-
rated into upper-limb recovery. The limited randomized
controlled investigations that were found in that review,
suggested that individuals who have had a stroke benefit
from performance feedback in the physical environment
(such as motor control deficits involving the controlling of
trunk movement) to preserve motor learning abilities [11].
In other words, if the individuals can learn to control their
trunk movements, motor recovery of the upper limb as
evidenced by kinematic changes, can be made. The proof of
concept paper noted clinical improvements on the FMA in
more severely impaired poststroke individuals, when given
proprioceptive feedback about the involved arm [12]. Thus,
incorporating controlling trunk and/or arm movements has
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been shown to be an effective training method for individuals
at various levels of impairment after stroke.

Systematic reviews of task-specific training have indi-
cated that intensity and task specificity are primary indi-
cators of effective treatment for individuals after stroke
[3, 14]. Upper-limb training investigations for individuals
who have suffered a stroke have shown improved arm
movement ability after completing the task-related training
(TRT) with the impaired upper limb [15-17]. One particular
method investigated showed that restricting trunk use, as
is also used with the REO, has some short-term functional
benefits as well as benefits to recovery of the impaired
arm (interjoint coordination via reorganization of the arm
versus trunk degrees of freedom), but no functional benefits
[15, 18]. The concern reported is that the trunk stabilizer
becomes a dependent force on which the patient relies to
achieve greater arm movement. Additionally, the present
protocols using the REO, as mentioned previously, have not
been adapted to the recent findings addressing the minimal
functional effects of training with the trunk strapped down.
Lastly, the appropriate level of patient to most benefit
from unrestrained TRT has previously been defined in the
literature as moderately impaired on the FMA (scoring
between 20 and 40), and TRT has been well tested out in
terms of trunk stabilization feedback, thus making for a solid
control condition [15, 17].

The present case series utilized TRT as a control condi-
tion in a crossover comparison design, to obtain preliminary
data for establishing a REO protocol for the upper limb.
The purpose of this case series was to measure changes that
can be made by incorporating a novel form of feedback
to control trunk movements and auditory trunk sensor
feedback during robot assisted arm therapy in moderate to
severely impaired individuals after stroke. It was expected
that all subjects would exhibit having learned to reach with
greater use of their arm/less use of their trunk, exhibiting less
dependency than with the stabilizer feedback.

2. Case Descriptions

Individuals with the following were excluded: receptive
aphasia, apraxia, or other significant cognitive deficits
(determined by the primary investigator during interview
question and answer, as well as during command following
during the screening sessions). Additional exclusions were
(a) sensory/perceptual or orthopedic problems that limit
one’s ability to reach at the table without sliding the arm
on the tabletop (discerned during initial physical exam
screening using the Motor Assessment Scale {MAS} [19], a
simple classification of arm and hand movements using the
involved upper extremity) and (b) any cardiac or pulmonary
conditions that limited exercise (physician clearance). The
MAS cutoff was at level 4 for upper arm and 1 for hand,
allowing for scapular stability/mobility and some grasping
activity.

Inclusion criteria: demonstrating severe and moderately
severe arm movement impairments, defined between 20 and
44 on the upper-arm subsection of the FMA (a series of
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functional multitask arm/hand movements, out of a possible
score of 66) [20]. Individuals scoring below this range have
previously been determined to be unable to participate in
unrestrained TRT, receiving no benefit from the training [17]
and individuals scoring greater than 50 have been considered
only mildly impaired [21]. Written approval was obtained
from the subject’s physician after individual’s consent; prior
to actual participation and after subjects signed the informed
consent the patient’s primary physician was sent a letter
describing the investigation, their patient’s involvement, and
asking for medical clearance via a waiver.

Three individuals after stroke voluntarily chose to be
evaluated for the investigation, were ultimately included, and
were randomized as to which protocol was given initially.
All 3 individuals had a goal to be able to use their impaired
arm for activities of daily living (ADLs). Subject (1): 63-year-
old male, 3 years after onset of left-sided cerebrovascular
accident (parietal lobe/basal ganglia), right side (dominant)
sensorimotor deficits; subject (2): 68-year-old male 18
months after left-sided parietal lobe CVA that led to right side
(dominant) sensorimotor deficits, subject (3): 56-year-old
male 16 months after onset of right-sided parietal lobe CVA
led to left-sided (nondominant) sensorimotor weakness.

2.1. Design. The institutional review boards at both the
University of the Sciences and Magee Rehabilitation Hospital
approved the study. Using a crossover design, four weeks
of real-world TRT was first completed for 2 subjects, and
then 4 weeks of REO therapy was completed after a 3-4-
week washout period where no training was performed. The
reverse sequence was utilized for the third subject; REO
followed by a 3-4-week washout and 4-week real-world TRT.
This clinical trial is registered with the NIH clinical trials
registry as NCT000844870.

2.2. Testing. Several standardized outcome measures were
collected no longer than five days before the start of each
training and within five days after completion of each
training period. Due to the proximity of the testing in
between the crossover period/washout period the initial
postesting data was utilized as the subsequent pretesting data.
Subjects were advised to continue to use their “new found”
movement as much as possible, just as they had been advised
during the training timeframe. The rehabilitative effects were
measured according to the International Classification of
Functioning, Disability and Health model (ICF) [22]. Body
structure and function typically include motor impairment,
while activity is measured by daily task performance, and
participation measured by life situations.

The FMA [20] as well as the Reaching Performance Scale
(RPS—measure of trunk movement used in reaching) [21],
were used to determine body function and structure changes
of the arm and trunk, respectively. Clinical measures of elbow
and shoulder active range of motion (AROM) were assessed
using a goniometer [23] (shoulder flexion was measured in
sitting against gravity, while elbow extension was measured
with gravity eliminated; the patients participating were not
all able to complete elbow motion against gravity), and

grip strength was measured using a dynamometer [24]. The
average or 3 trials were used for all clinical measures. The
MAS [19], used in pretest screening, was again collected
at posttest as an additional body function and structure
measure. Wolf Motor Function Test (WMFT—total time
score to complete a number of tasks with impaired upper
extremity) [25] was used as an activity measure, as well as the
Motor Activity Log (MAL—patient’s perception of function
related to certain arm activities) [26]. Lastly, cognitive
changes via the minimental status exam (MMSE—23 or
lower is indicative of cognitive impairment, with a max score
of 30) were collected [27].

2.3. Intervention. The rehabilitative sessions lasted 40—45
minutes, 2-3 days a week for up to 6 weeks (12 sessions).
Subjects were seated with trunk-motion free. Both protocols
were arranged to train with a wireless sensor pad draped
across the back of the chair, cueing the subjects to keep
their back against the pad whenever the back came off of
the chair (see Figure 1). Figure 1 displays the individual with
their back off of the sensor pad, initiating the auditory signal.
Intermittent feedback for both groups was arranged by use
of a faded feedback protocol in which the first third of the
training trials were without the feedback 20% of the time,
the second third of trials were without feedback for 40% of
the time, and the final third was without feedback for 60%
of the time [28]. This feedback protocol has previously been
utilized in a TRT investigation [17].

REO allowed patients to perform robot-assisted activi-
ties, which involved continuous reaching with the arm placed
in the device (see Figure 2). Visual feedback from the video
monitor yielded the perceived best path to complete each
motion. This marked path was overlaid by the subject’s actual
path taken. Verbal and some tactile feedback by the therapist
was given during initial REO training, as the auditory sensor
device proved to add a higher dimension of concentration
for controlling trunk movement. Although the REO device
has a shoulder restraint to control trunk movement, the goal
was to not utilize this restraint. The goal was to complete
motions while avoiding compensatory trunk movement,
during passive, active-assisted, and active movement.

Variable practice TRT involved reaching to contact or
grasp objects variably placed on the workspace, requiring
arm movements of different amplitudes across all quadrants
of the tabletop [15-17]. Common objects were used that
varied in size, shape, and weight (e.g., cups, mugs, writing
and eating utensils). Training activities included, sliding the
arm across the tabletop with objects in hand and reaching
to grasp/transport objects. As training progressed, subjects
were encouraged to increase speed. Subjects received an
auditory signal for feedback when the back came off of the
pad. Instructions given were to move at preferred speed, and
as training progressed subjects were encouraged to increase
speed. If a session lasted less than 45min, subsequent
sessions employed more complex tasks. As REO incorpo-
rated some active-assisted and some passive movements
the time spent in therapy was the best way to equate the
sessions and therefore, REO required 10-20% more training
trials per session. During each session, 180-220 movements



Figure 1: TRT workstation with sensor pad placed on anterior
surface of chair back.

FiGURE 2: REO therapy training device (with trunk strap attached).

were performed for the TRT group, and 240-260 robotic
movements (recording only movements reaching out away
from the body in each protocol) were performed for the REO
group, using the hemiparetic arm. Equivalent training time
and feedback were controlled for with both protocols.

2.4. Analysis. Postests taken after each training bout, on
each method, were completed and compared to pretraining
scores. Significant changes were evident by relative change
scores of 30% or greater. Based off of findings from other
stroke investigations where minimal clinically important
differences (MCID) after stroke revealed a 16% to 30%
change as being meaningful for a number of the ICF
measures we tested [29, 30], we conservatively used 30% for
our results. A recent systematic review of outcome measures
used for the evaluation of robot-assisted upper-limb exercise
in stroke [31] has further details regarding the MCID for the
FMA, grip strength, and WMFT, indicating a MCID of 7 for
the FMA, 2.9Kg for grip strength, and 12 for the WMFT.
We were only able to use the FMA and the grip strength
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since the WMFT score in their calculations was a calculated
mean rate of performance score (functional ability scale), not
the performance times as we used. We used the MAL as an
equivalent measure to their mean rate of performance score.

3. Results

3.1. REO Performance. Subject 1 performed approximately
the same amount of time on guided (passive) and initiated
(active assisted) movement (40% each), with only 20% on
the most difficult step-initiated (active) movement. Subject 2
performed about 30% of the time on the guided movement
and 45% of the time on the initiated movement, and
then 25% of the time on the most difficult step initiated
activities. Subject 3 followed the same pattern as subject
1 for guided and initiated movement, but the percentages
were 45% each therefore, leaving only 10% of the training
on the most difficult step-initiated movement. The rationale
for determining each of the programs and progress is
a clinical decision based on biomechanics of the joint,
capsular tightness, movement smoothness, and the ability to
appropriately recruit the needed muscle pattern throughout
the normal reaching pattern with no excessive compensatory
mechanisms observed. The program progression is always to
push the individual to the edges of their movement in which
he or she is still able to maintain good reaching mechanics.

3.2. Outcome Measures. REO and TRT led to changes for all 3
participants (see Table 1). Table 1 notes the training order on
the x-axis and the particular outcome measure on the y-axis,
which are arranged according to ICF classification. Particular
significant MCID training changes are highlighted for each
subject.

Subject 1 displayed body function and structure level
changes only after TRT for the MAS hand (65% improve-
ment), with no improvement apparent after the REO.
Further body function and structure changes were indicated
by the RPS (far and near), yielding 30% improvement after
REO, and this was maintained after TRT. Following this body
function and structure level trend were elbow extension and
grip strength (30% improvement for each), both maintained
after REO and TRT. Lastly, activity measure changes after
REO were noted by the WMFT at 45% improvement, again
maintained after TRT.

Subject 2 displayed activity level changes that were only
apparent after TRT, indicated by the WMFT (45% improve-
ment). Subject 3 yielded body function and structure level
changes after TRT that were maintained after REO (30%
improvement on RPS near and far). Additionally, subject 3
presented with activity level changes indicated by the WMFT,
evident after TRT (35% improvement) and maintained after
REO. All other changes were below 30% and were not
considered to be as relevant as the findings reported here.

Observationally, the one initial body function and struc-
ture impairment that was limiting to a subject was the
poor scapular stability, and capsular tightness/impingement
of subject 3, exhibited by limited amount of shoulder
flex and elbow extension; this permitted much less active
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TaBLE 1: Outcome tests.

Subject 1 (REO first)

Subject 2 (TRT first)

Subject 3 (TRT first)

Impairments pre-MAS-

Upper Arm = 5/6

Upper Arm = 5/6

Upper Arm = 5/6

Hand = 1/6 Hand = 1/6 Hand = 6/6
Posttraining 1/pretraining 2 5/6,2/6 5/6,1/6 5/6, 6/6
Posttraining 2 5/6, 5/6 (after TRT only)* 5/6,1/6 5/6, 6/6
Impairment pre-RPS(close) 8/18 8/18 11/18
Posttraining 1/pretraining 2 13/18 (after each)* 9/18 17/18 (after each)*
Posttraining 2 13/18 (after each)* 9/18 16/18 (after each)*
Impairments pre-RPS (far) 8/18 9/18 11/18
Posttraining 1/pretraining 2 13/18 (after each)* 8/18 17/18 (after each)*
Posttraining 2 13/18 (after each)* 10/18 15/18 (after each)*
Impairments pre-FMA 30/66 26/66 37/66
Posttraining 1/pretraining 2 27/66 26/66 36/66
Posttraining 2 27/66 25/66 40/66
Impairment pre-shld. Flex 98 deg 106 deg 83 deg
Posttraining 1/pretraining 2 104 deg 133 deg 89 deg
Posttraining 2 97 deg 114 deg 90 deg
Impairment pre-elbow ext 40 deg 66 deg 57 deg
Posttraining 1/pretraining 2 69 deg (after each)* 63 deg 66 deg
Posttraining 2 71 deg (after each)* 70 deg 64 deg
Impairment pre-grip str. 12 1bs. 5 Ibs. 101bs.
Posttraining 1/pretraining 2 201bs. (after each)* 51bs. 12 1bs.
Posttraining 2 21Ibs. (after each)* 21bs. 10 1bs.
Activity pre-WMFT- 216.94 sec 300.33 sec 179.24 sec
Posttraining 1/pretraining 2 112.97 sec (after each)* 164.38 sec (after TRT only) 53.18 sec (after each)*
Posttraining 2 128.61 sec (after each)* 403.10 sec 49.76 (after each)*
Activity pre-MAL 5/70 7170 18/70
Posttraining 1/pretraining 2 7170 16/70 30/70
Posttraining 2 11/70 14/70 39/70
Cognition pre-MMSE 28/30 29/30 27/30
Posttraining 1/pretraining 2 29/30 29/30 27/30
Posttraining 2 29/30 29/30 28/30

MAS: Motor Assessment Scale, RPS: Reaching Performance Scale, FMA: Fugl Meyer Assessment, WMFT: Wolf Motor Function Test, MMSE: Minimental

Status Exam, MAL: Motor Activity Log.

Asterisk after parentheses indicate at least 30% change, after the particular therapy.

movement training (step initiated), as compared to the other
2 subjects. Conversely, subject 1 was especially able to utilize
the REO for active movement, as his general scapular stability
permitted extensive step-initiated movement.

4. Discussion

Both protocols used environmental feedback as a means
to enhance motor learning. However, it became apparent
during initial training that using the sensor to limit trunk
movement during REO therapy was sensory overload for
the subjects, and thus verbal and some tactile feedback from
the therapist was necessary (at first) to control shoulder
movement/compensatory movements of the trunk while
completing the movement path outlined on the computer
screen. The traditional method of forcibly restricting the
trunk during REO has limited long-term functional use due

to the poor carryover of trunk control once the restraint is
removed, detracting from the ultimate goal of these protocols
[16, 18, 32, 33]. Conversely, using the REO with the trunk
restraint can be very advantageous, allowing independent
interaction with the REO, when clinicians are working on
repetitive task practice and treating more than one patient
at a time [34]. However, as the training therapist discovered
during initial controlled training sessions, the modification
in the training movement set by the REO device can also be
used to limit the motion to a safe distance that does not cause
any substitution.

Two out of three participants with moderate levels of
body function and structure motor impairment were able
to utilize a robotic therapy device, with these training
modifications, to benefit the impaired upper limb. Particular
REO performance guidelines can be gathered from this case
series as all 3 subjects were trained with general training pro-
gression patterns, demonstrating that a moderately impaired



patient would be able to perform at least 200 training
movements reaching out away from one’s body during the
course of a typical training session. It was apparent that 10—
20% more arm movements per session with robotic therapy
allowed for equivalent training session time, compared to
more established TRT.

All 3 subjects made activity level changes as indicated by
the WMFT, with subjects 1 and 3 maintaining these changes
after each of the protocols. Subjects 1 and 3 also displayed
body function and structure changes (RPS near and far), that
were maintained after each of the protocols. Subject 2 made
the least amount of changes, while no subject made changes
on the other activity level measure (MAL), perhaps not being
as sensitive as the WMFT.

As all 3 subjects did yield WMFT activity level changes,
this is perhaps the best indicator of the benefits of these
additional structured activities engaging their impaired arm
in training. The RPS level changes for subjects 1 and 3
that were maintained for either therapy are a credit to
the generalized focus of both types of therapy assisting in
controlling arm versus trunk disassociation of movement.
The focus of improving the problem of arm control in this
population is clearly indicated with these impairments and
addressable with the REO. Conversely, subject 2 made no
changes as a result of the REO activities; in fact, the gains
made on the WMFT and shoulder flexion were back to
baseline after the completion of the training on the REO.
The treating therapist felt that this was due to scapular
immobility and capsular tightness. Thus, despite meeting
the minimal criteria to be included in the investigation, the
compensatory abilities may have initially masked the poor
function of the scapula. Furthermore, subject 2 made no
changes on the MAS hand score or with elbow extension.
Thus, in comparison to the changes made by subjects 1 and 3
on these measures and in conjunction with the trunk control
changes (RPS), we were able to confirm that compensatory
trunk movement is used to assist arm reach, as well as hand
orientation for grasping.

Clinically, the activity level change (MAL) represents a
strong indicator of the patient’s belief that they are benefiting
from therapy, and with no subject perceiving this benefit, it
may be a limitation of the measure. However, there were no
changes on the FMA, which is often cited as a measure of
motoric change and notably, both other published reports
that utilized the REO demonstrated positive findings on the
FMA as well as a high level of patient satisfaction [8, 9].
Evaluating the changes that subject 1 made on the MAS hand
section that were not seen on the FMA score is perhaps due to
the fact that the body function and structure changes made
were at the elbow, arm control (RPS), and grip strength, not
on some of the finer hand and wrist activities tested out by
the FMA.

The result that this auditory feedback training modi-
fication is not just possible with TRT but also with REO
for this level of patient is promising and warrants further
investigative evaluation. The benefits that are carried over
from the initial training protocol to the next can be seen as a
limitation, as it is unknown with such a short washout period
if the overall benefit is the cumulative effect of additional
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therapy or the true effect of the actual therapy just received.
Conversely, the progression of REO to TRT as a training
protocol may be the ideal protocol for a patient with the level
of impairments as subject 1, as this was the most number of
changes evidenced.

The use of Kinematic analysis in future investigations
should lead to a differentiation of upper arm, lower arm
movement, and trunk control as well as assist in determining
control strategies that are developed as a result of training.
A randomized controlled investigation with a population of
subjects with similar deficits and perhaps similar time after
stroke (as well as subsequent similar baseline measurements)
would better clarify what impairments are better trained
with REO, what impairments are better trained with more
established protocols such as TRT, and the appropriate length
of training of each.
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