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Abstract
Background and Purpose—After stroke, many individuals lack resources to receive the
intensive rehabilitation thought to improve upper extremity motor function. This case study
describes the application of a telerehabilitation intervention using a portable robotic device
combined with a home exercise program (HEP) designed to improve upper extremity function.
Case Description—The participant was a 54 year-old male, 22 weeks following right
medullary pyramidal ischemic infarct. At baseline, he exhibited residual paresis of the left upper
extremity resulting in impaired motor control consistent with a flexion synergistic pattern, scoring
22/66 on the Fugl-Meyer Motor Assessment (FMA).
Intervention—The participant completed 85 total hours of training (38 hours of robotic device
and 47 hours of HEP) over the 8-week intervention period.
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Outcomes—The participant demonstrated an improvement of 26 points on the Action Research
Arm Test, 5 points on the Functional Ability Scale portion of the Wolf Motor Function Test
(WMFT), and 20 points on the FMA, all of which surpassed the minimal clinically important
difference (MCID). Of the 17 tasks of the WMFT, he demonstrated improvement on 11 of the 15
time-based tasks and both strength measures. The participant reported an overall improvement in
his stroke recovery on the Stroke Impact Scale quality of life questionnaire from 40/100 to 65/100.
His score on the Center for Epidemiologic Studies Depression Scale improved by 19 points.
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Discussion—This case demonstrates that robotic-assisted therapy paired with a HEP can be
successfully delivered within a home environment to a person with stroke. Robotic assisted
therapy may be a feasible and efficacious adjunct to a HEP program to elicit substantial
improvements in upper extremity motor function especially in those persons with stroke who lack
access to stroke rehabilitation centers. Video Abstract available (See Video, Supplemental Digital
Content 1.) for more insights from the authors.
Keywords
assistive technology; robotics; telerehabilitation; upper extremity; home exercise program

Introduction
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Current evidence in upper extremity (UE) stroke rehabilitation emphasizes the value of
intensive adaptive and repetitive task practice (RTP) to facilitate motor re-learning.1–3 These
types of interventions typically require one-on-one therapist-directed treatment in traditional
rehabilitation environments. However, many individuals with stroke, especially those living
in urban and rural settings, do not have access to comprehensive stroke rehabilitation
programs, thereby limiting functional recovery while contributing to long-term disability.4, 5
Telerehabilitation using long distance monitoring has been investigated as a potential model
to provide rehabilitation to individuals who may benefit from home monitoring.6 In a recent
systematic review, Johansson and Wild7 found telerehabilitation to be efficacious in
improving the health of persons with stroke, including upper extremity function, while also
being supportive of caregivers’ needs. Lum and colleagues8 described a model of remotely
supervised constraint-induced (CI) movement therapy utilizing a device designed to
automate the intensive training portion of CI therapy, while reducing direct therapist-patient
interaction time.
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Robotic-assisted devices that make use of motor learning principles can provide valuable
repetitive practice to persons with stroke who might otherwise not have access to the
intensive therapy necessary to elicit neuromotor recovery.9 Although the optimal dosage of
practice required to elicit motor recovery after stroke is unknown, recent data suggest that
300–800 repetitions are required to learn a simple task.10 The robotic device used in this
study (Hand Mentor Pro [HMP]; Kinetic Muscles, Inc. Tempe, Arizona) was designed to
improve active flexion and extension range of motion in the wrist and fingers and improve
motor control of the distal upper extremity. In a pilot study comparing combined RTP and
robotic-assisted therapy using the HMP to dose-matched RTP alone, comparable gains in
upper extremity function were shown in the two interventions.11, 12 Similar gains in both
groups provide preliminary support for the use of the HMP as a component of a
comprehensive outpatient upper extremity rehabilitation program. However, the feasibility
of using this technology along with an exercise program in the home environment is
unknown. This case study describes the clinical rationale, application and experience of a
home-based robotic-assisted and exercise therapy program to improve UE motor function in
an individual with subacute stroke.
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The participant was a married 54 year-old, right-hand dominant, African-American male
who incurred a right medullary pyramidal ischemic infarct 5.5 months prior to enrollment.
The participant had undergone outpatient physical and occupational therapy (24 visits of
each) up until he was recommended for this study. Clinical examination revealed a 22/66
initial score on the Fugl-Meyer Assessment (FMA),13 characterized by residual paresis of
the left upper extremity resulting in the inability to perform isolated movements of the
shoulder, elbow, wrist, and hand; a finding consistent with a flexion synergistic pattern. This
FMA score was within the range of minimal movement criteria for our larger clinical trial
(11–55 on FMA).14 The participant was deemed to be an ideal candidate for robotic-assisted
therapy with the HMP device for several reasons. He was making functional gains during his
rehabilitation indicating a favorable prognosis for continued improvement, and expressed a
desire to continue with therapy; however, a therapy visit cap limited his access to continued
rehabilitation. The robotic device facilitates isolated movement at the distal UE by
stabilizing the proximal UE and using goal-directed motor control programs to encourage
the person with stroke to work out of synergistic patterns. The participant embraced the
technologies associated with both robotic-assisted therapy and telerehabilitation, and was
motivated to continue with stroke rehabilitation to improve the functional use of his UE. The
institutional review board at the Cleveland Clinic approved this study and the participant
provided informed consent to participate.

Examination
After enrollment, a clinical examination was completed to evaluate the participant’s
impairments, motor function, quality of life, and mood. Examination revealed normal
passive range of motion (ROM) in the affected UE, but he was not able to actively move
through full range due to hemiparesis. Mild sensory loss was evident in the affected UE, as
the participant scored a 1 on the sensory portion of the National Institute of Health Stroke
Scale.15 His vision was intact and he did not show signs of inattention or neglect, as he
missed only one on the Star Cancellation Test.16 His cognition and language skills were
intact as he answered all questions correctly on the Short Portable Mental Status
Questionnaire.17
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Prior to the intervention, the participant underwent a battery of tests that was repeated at the
conclusion of the 8-week intervention. The primary outcome measure was the total change
in score (from baseline to post-intervention) of the affected upper extremity on the Action
Research Arm Test (ARAT).18–20 Secondary outcome measures included the Wolf Motor
Function Test (WMFT),21, 22 the Stroke Impact Scale (SIS),23 the FMA,13 the Centers for
Epidemiologic Studies Depression Scale (CES-D)24 and Modified Ashworth Scale
(MAS).25
The ARAT consists of four subscales that address grasp, grip, pinch, and gross motor
movements (19 tasks) of both the affected and non-affected upper extremity. Movement is
scored with an ordinal scale from 0–3 with a score of 3 indicating normal performance of
task within 5 seconds and a score of 0 indicating the inability to perform any part of the task
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within 60 seconds. Higher scores indicate better movement capabilities. The ARAT is
considered a valid and reliable tool for upper extremity deficits following stroke.18–20 The
minimal clinically importance difference (MCID), defined here as the smallest difference in
score that a person with stroke perceives as beneficial, is 12 points if the dominant UE is
affected and 17 points if the non-dominant UE is affected.26 The minimal detectible change
(MDC) is the smallest change in two scores that likely represents a true change, rather than
error due to variability in the measurement tool.27 For the ARAT, the interrater MDC is 13.1
and test-retest MDC is 3.5.28 The participant’s baseline ARAT was 21 out of 57.
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The WMFT consists of 15 timed tasks and 2 strength tasks of both the affected and nonaffected upper extremities. Tasks progress from proximal to distal, beginning with isolated
shoulder movements and progressing to fine-motor tasks of the hand. Participants are
encouraged to perform each timed task as quickly as they can. Shorter times reflect better
performance. Timed movements are also graded with a functional ability scale (FAS) for
quality of movement. The WMFT has been validated for use with persons in the acute to
chronic stages after stroke.21, 22, 29 For the cumulative timed portion of the test, MCID is 19
seconds for the dominant side, while the non-dominant side had no MDIC value due to the
very small relationship between test score and participant perceived change rating. The FAS
portion of the Wolf Motor Function test has a MCID of 1.0 and 1.2 in the dominant and nondominant side, respectively.26 The interrater MDC is 20.2 points and the test-retest MDC is
12.0 points.28 The participant’s baseline FAS was 44, out of a possible 75 points.
The SIS is a quality of life questionnaire that addresses several domains following stroke
including physical impairments, memory and cognition, mood, performance with activities
of daily living, mobility, use of affected UE, and return to activities that have meaning to the
person with stroke. The SIS has been shown reliable and valid in sub-acute to chronic stroke
populations.30 The MDC and MCID for subsets of the test are as follows: strength 24.0 and
9.2 points, performance of ADLs 17.3 and 5.9 points, mobility 15.1 and 4.5 points, and use
of affected UE 25.9 and 17.8 points.27 At baseline, the participant’s scores on the “ADL”
and “use of affected UE” subsets were 35/50 and 6/25, respectively, while he self-rated
recovery from his stroke at 40%.
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The upper extremity FMA is an impairment-based measure for the upper extremity
following stroke, consisting of 33 movements with higher scores indicating increased ability
of the person with stroke to move out of synergistic patterns toward more isolated
movements. Movement quality of the affected UE is compared to the movement quality of
the non-affected UE on a 0–2 ordinal scale with 0 indicating no movement at all, 1
indicating partial movement of the affected extremity, and 2 indicating equal movement
between affected and non-affected upper extremities. The FMA is a reliable and valid tool
for measuring UE impairment following stroke.31, 32 The MDIC for the FMA is 10% of the
total possible score, or 6.6 points.32 The interrater reliability MDC is 12.9 points and the test
retest MDC is 5.2 points.28 Prior to the intervention, the participant’s FMA score was 22 out
of 66.
The CES-D is a questionnaire used to screen for depressive symptomology. The test consists
of 20 questions that capture how well a person is coping emotionally. Scores > 16 can
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indicate the person is at risk for depression. The CES-D has been found reliable and valid
for the sub-acute stroke population.24, 33 At baseline the participant’s CES-D was 23 out of a
possible 60.
The MAS is used to assess spastic hypertonus following stroke. Response to stretch is
scored on a scale of 0–4 with higher scores indicating greater resistance to passive stretch.
For this case report, wrist flexion, supination, and finger flexion were assessed. The
reliability and validity of the MAS has been questioned, yet this measure is the most
commonly used clinical tool to assess spasticity following stroke. A recent study found the
MAS to be moderately reliable for upper and lower extremity muscle groups between
raters.25 In terms of elbow and wrist flexors the MAS was 1+ while MAS for forearm
pronators was 2.

Intervention
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The HMP robotic device used in our study employs a pneumatic artificial muscle to
facilitate movement about the wrist and fingers while providing visual biofeedback about
the quality and quantity of wrist movements (Figure 1). The device consists of three
components: control box, arm unit and data collection and communications module. The
control box houses the electronics of the device (12”W × 12”L × 12”H, 14 lbs) and has a
10.4” color touch screen to facilitate user interface. The control box is connected to the arm
unit by a pneumatic hose and data cable. The pneumatic actuator is the top portion of the
arm unit and provides air into and out of the hose to simulate dorsal muscle contraction and
relaxation. Voltage changes are detected from a potentiometer that is aligned to the wrist
joint. These changes in voltage are calibrated to reflect active range of motion. Resistance to
wrist and finger extension is measured by a pressure transducer housed within the arm unit.
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The robotic device we used has a data collection and communication module, which records
the following variables: overall time of use, time of use in each module, number of
attempted and successful repetitions, wrist angle, and pneumatic pressure. These data are
stored in non-volatile memory and are encrypted and transmitted to a secure website
(MentorHome) where it is accessible to the therapist involved in the care of this participant.
Each time a participant completes a program, the summary for that session is displayed onscreen and stored in that participant’s coded electronic database. Data are automatically
transmitted from the device controller to the web site via landline telephone, internet, or
cellular connection to enable remote monitoring.
The robotic device we used has four training modules designed to improve active control of
the wrist musculature and one spasticity reduction program. Video gaming design principles
have been incorporated into the training modules in an effort to engage the participant. Two
variations of the motor control program (Strongman Basic and Strongman Up) are intended
to train flexion and extension or extension-only movement patterns, respectively. These
programs use function-based games in which the goal is to move the hand to a target (e.g.
pick up a barbell, corresponding to wrist flexion) and raise it first to waist height (neutral
wrist), then overhead (corresponding to wrist extension) within a time specified by the
therapist. The time to reach the target decreases as the participant experiences success. If the
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participant does not achieve the goal within the specified time, the air muscle is activated to
assist the participant through the desired ROM. If the participant is successful in achieving
the goal on at least 80%, the difficulty level is automatically increased to the next level (ten
levels total for each program), requiring an increase in the distance the hand must move to
achieve the target. Conversely, if the participant is successful on less than 20% of the trials,
the difficulty level is decreased. The requirements to achieve more active flexion ROM
increase by 1.5 degrees, while the active extension ROM requirements increase by 3 degrees
for each level.
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The advanced motor control programs of this robotic device incorporate timing-based
training principles, requiring the participant to lift the hand at a precise time and velocity. In
the Balloon game, a hot-air balloon moves up and down on the screen corresponding to
active wrist extension and flexion, respectively. The participant must avoid objects as they
scroll across the screen from right to left. In the second of these games, Therapong, the
participant moves a paddle up and down to bounce a ball back to the other side of the
playing field, which is controlled by the computer. As the participant completes successful
trials, the active range of motion, timing, velocity, and strategic demands for the motor
response are increased. The flexion and extension range of motion requirements for these
advanced motor control games increase by three degrees for each level. There are ten levels,
each containing three velocities.
The goal of the Spasticity Reduction program (Thermometer) is to decrease flexor tone of
the fingers and wrist via visual biofeedback and assistive motion. The initial position of the
hand is at approximately 30 degrees of flexion. The air muscle then inflates to bring the
wrist to approximately half of the participant’s available passive ROM. The amount of force
necessary to achieve this position is measured while a potentiometer measures wrist
position. A thermometer is displayed on the screen with a green line showing the initial
resistance; increased resistance is shown as yellow and then red. The line is reduced as
flexor stiffness (resistance to passive motion) decreases.
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Ten days following baseline testing, a two-hour home visit by the therapist was completed to
instruct the participant on use of the HMP robotic device and home exercise program (HEP)
intervention. Following this visit, he demonstrated proper and safe use of the robotic device
and comprehension of the HEP. Previous evidence from constraint induced therapy studies
describe 3–6 hours of repetitive task practice to produce desired improvements in UE
function over a 2-week period.8, 34 Due to the 8-week duration of this case study and
participant reported time constraints, the participant was asked to perform the intervention 5
days a week (2 hours HMP + 1 hour HEP) for a total intervention time of 120 hours.
Expectations with respect to treatment intensity/dosage were outlined throughout the
screening/enrollment process. Adherence was fostered through a behavioral contract, daily
exercise log, and weekly follow-up phone calls with the therapist.
Based on the physical therapist evaluation, game modules were selected to address the
participant’s impairments: spasticity, strength, motor planning, force generation, and
movement timing. The participant was prescribed the following activities on the HMP
device: 1) Spasticity reduction program (Thermometer Program) - 10 repetitions of passive
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wrist extension to 35 degrees with 60 second hold to provide an appropriate stretch; 2) Wrist
extension (Strongman Up Program) – 10 repetitions with wrist beginning at neutral and
requiring 3 degrees of extension to complete; 3) Wrist flexion to extension (Strongman
Basic Program) – 10 repetitions beginning with wrist in neutral and requiring the participant
to move from 1.5 degrees of flexion to 3 degrees of extension; 4) Motor control (Balloon
and Therapong Program) – 15 minutes each game with wrist beginning in neutral and
requiring with 3 degrees of flexion and 3 degrees of extension. The participant was
instructed to repeat the prescribed sequence of tasks 2–3 times during the day to complete
two hours of robotic-assisted intervention daily. The participant began at level 1, where
gravity is the only resistance to movement, because although he had full passive ROM he
was not able to move through the range due to weakness and spasticity. The robotic device
program advanced the levels and ROM requirements according to the participant’s
performance, as described above.
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The HEP created for our larger clinical trial was designed to provide a database of
progressive UE exercises to allow participants to incorporate basic movements and
preparatory activities into functional tasks. It also emphasized training of the proximal UE
not addressed by the HMP robotic device. The HEP included the following exercise
domains/types: passive ROM and stretching activities, active-assisted ROM activities,
weight-bearing exercises, AROM/strengthening exercises, goal-directed movement
activities, functional / task-based activities, incorporation of impaired UE into ADL’s. For
this participant, emphasis was placed on weight bearing activities to facilitate joint
approximation, proprioception, and co-contraction, stretching and strengthening activities,
and activities that focused on coordination, timing, and force of movement. Each exercise
had clear instructions for performance and prescribed dosage, and was accompanied by a
picture, consistent with current clinical practice standards. Each exercise page was labelled
to correspond with a HEP diary, which the participant used to document the details of his
daily exercise routine. The participant was asked to complete one hour of these activities
daily and to incorporate the hemiparetic UE into daily functional tasks such as opening
containers, sweeping the floor, self-feeding, and completing self-care/grooming tasks.
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Remote monitoring was achieved by the therapist via review of data transmitted to the
secured server from the HMP controller approximately twice weekly and through weekly
phone calls to the participant. Data available on the server included calendar of use, daily
duration of use, angles of flexion and extension achieved, level progression, and resistance
to stretch to measure spasticity. Objective data transmitted from the device regarding
adherence to the robotic intervention eliminated ambiguity of self-reported adherence and
allowed the therapist to more openly address issues relating to the participant’s struggles
with adhering to the 2-hour daily prescribed robotic-assisted therapy intervention.
Weekly follow-up phone calls were chosen based on the typical frequency of formal therapy
sessions of a patient undergoing neurorehabilitation 6 months after stroke. A structured
format was used for the follow-up phone calls, in which the following topics were assessed
consistently: 1) detailed adherence to prescribed intervention; 2) formal assessment of pain;
3) adverse events including falls or changes in medical condition; 4) concurrent exercise /
activities other than prescribed intervention; 5) issues preventing adherence; 6) changes
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observed in function of involved UE; 7) logistics with use of robotic device (ie: donning the
hand piece, operating the device, etc). The therapist concluded each phone call by making
modifications to the prescribed intervention based on information gathered during the call.
Specific to this case, the weekly phone calls were used in conjunction with remote
monitoring of the participant’s progress with the robotic device to manage the rehabilitation
intervention.
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After week 1 the participant reported an increase in stiffness and spasticity in his UE and
results from the HMP revealed increased resistive forces generated with the spasticity
reduction program. As a result, the therapist suggested increasing the number of repetitions
and duration of stretch with the spasticity reduction program. During the weekly phone call
following the completion of week 3, the therapist noticed there was some discrepancy
between the data that was being transmitted from the robotic device and the participant’s
self-reported functional progress. The participant was advancing through the levels;
however, he was progressing at a rate beyond what would be expected in just 3 weeks of
intervention. This prompted the therapist to make a home visit and discover that the device
was set at levels higher than what the participant was able to achieve. Since the robotic
device only advanced levels when the user is able to complete 80% of the tasks, the
participant may have been using his unaffected hand to assist with level completion. After
re-educating the participant on proper use and the purpose of the device, the therapist
adjusted the device to appropriate levels, which was a level where he was able to achieve the
task about 50–80% of the time so the participant was challenged, but able to achieve the
target and advance through the programs.
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The participant’s home exercise program was advanced to maintain appropriately
challenging activities. In conjunction with ROM and strength improvements, the therapist
encouraged him to incorporate that movement into his functional activity. For example,
several weeks into the study, he reported increased finger flexion and extension. The
therapist encouraged movements such as grasp and release of various shaped toys when he
was playing with his grandchildren. The therapist also provided encouragement and
strategies to improve exercise time management skills (adherence) during phone calls, as the
participant voiced difficulty managing his responsibilities at home with his home
rehabilitation program. Extensive patient education was provided during the weekly phone
calls to optimize the participant’s understanding of how rehabilitation activities can improve
motor recovery. Emphasis was placed on therapeutic intensity, active practice, and the
incorporation of acquired movement into functional daily tasks such as grooming, feeding,
and housekeeping.

Outcomes
No adverse events were reported at any point of the study. The robotic device was used on
47/56 days and the HEP performed on 56/56 days (compared to prescribed 40 days). Total
robotic use and HEP time are shown in Figure 2a. Overall, the participant completed 85 out
of the prescribed 120 hours. The participant used the HMP 4–6 days per week and spent 20–
100 minutes on the device each time. He spent an average of 355 minutes per week
performing the HEP. The average time per day using the robotic device and HEP was

J Neurol Phys Ther. Author manuscript; available in PMC 2014 September 04.

Linder et al.

Page 9

NIH-PA Author Manuscript

approximately 100 minutes. The daily percent time of robotic device use is shown in Figure
2b (note: inverse of this line is time spent completing HEP). The time allotted to each
specific program on the HMP robotic device is displayed in Figure 3.
The participant demonstrated an improvement on the ARAT from 21/57 at baseline to 37/57
post-intervention as shown in Table 1. This 16-point change in the ARAT approached the
17-point MCID value for the affected non-dominant UE following stroke26 and surpassed
the MDC of 3.5 points.28 He also improved on the individual sub-scales of the ARAT from
baseline to post-intervention: grasp (6/18 to 15/18), grip (5/12 to 8/12) pinch (6/18 to 8/18)
and gross motor (4/9 to 6/9). The participant improved his FMA score by 20 points (22/66 to
42/66), which surpassed the MCID of 6.6 points32 and the test-retest MDC of 5.2 points.28
In terms of quality of life, the participant’s score on the ADL subset of the SIS improved
from 35/50 to 42/50, surpassing the MCID value of 5.9 points. He reported total recovery
from his stroke post-intervention at 65%, compared to 40% at baseline. His CES-D score, in
which a higher score may be indicative of depressive symptomology,33 decreased from
23/60 to a 4/60.
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Performance for individual timed tasks of the WMFT are provided in Table 2. The
participant demonstrated improvements in 11 of the 15 timed tasks of the WMFT,
essentially no change in two tasks, and worse performance in the remaining two tasks. Both
strength measures improved subtanstially. The FAS of the WMFT improved by 5 points
(44/75 to 49/75), which supassed the MCID of 1.2 points in the non-dominant side.26

Discussion
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Robotic-assisted therapy was utilized to deliver one component of the UE rehabilitation, as
it incorporates principles of motor learning to facilitate cortical reorganization by providing
repetitive, active (patient initiated), goal-directed movements of the affected limb, while
providing feedback through knowledge of performance. Although repetitive, goal-directed
practice appears to be important in fostering neuroplastic change post-stroke, such repetition
should include functionally based training that embraces task-specific practice to drive
functional motor recovery.2, 35 Since this consideration is not inherently embedded within
the application of robotic devices, the therapeutic approach applied in this case study relies
on the inclusion of a HEP in which a broad spectrum of appropriately challenging functional
tasks is prescribed to the participant. Incorporating the involved UE into daily tasks appears
instrumental in optimizing functional recovery.36 Because the participant described in this
case was still displaying gains in therapy but was unable to access care due to insurance
restrictions, the telerehabilitation model of robotic-assisted therapy overseen remotely by the
therapist appeared to be a reasonable intervention to continue UE rehabilitation.
The participant was 70% adherent overall with the prescribed robotic training program and
HEP. His self-reported adherence in performing the HEP activities was greater than
activities using the robotic device whose software provided objective data regarding
adherence. In fact, he completed 47 rather than the 40 hours of HEP. In contrast, the robotic
device was used 38 out of 80 hours. The rationale for the selection of these prescribed HEP
and robotic times was based on previous intervention times of CIMT and other repetitive

J Neurol Phys Ther. Author manuscript; available in PMC 2014 September 04.

Linder et al.

Page 10

NIH-PA Author Manuscript

task practice and robotic interventions that have been shown effective in clinical
environments.8, 37 The participant reported that boredom with the device and family
commitments were his greatest barriers to completing the prescribed 2-hour daily
intervention time on the robotic device. The programs of the robotic device have been
designed to be “game-like” and engaging; however, this participant did not find them to be
sufficiently engaging to warrant two hours of daily use. We are unaware of any other studies
that have examined or determined the optimal duration of robotic use in a home
environment.
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Our preliminary data from this case study suggest two hours of robotic therapy per day may
be perceived as excessively burdensome, especially when coupled with one hour of HEP
activities. Nevertheless, the improvements in upper extremity function demonstrated were
comparable or exceeded those reported in the literature,10, 37 exceeding MCID values on the
FMA and ADL subscale of the SIS, and 1 point less than the MCID on the ARAT. Thus,
one hour per day of robotic therapy may be sufficient to facilitate favorable changes
following stroke. Although adherence to the prescribed 2-hour daily robotic intervention is
emphasized and encouraged during interactions with the participant, actual intervention
times as recorded through the device may provide significant data regarding optimal dosage
necessary to achieve motor recovery. A more reasonable intervention plan may be to reduce
the total time of the daily activities to two hours per day rather than three and to divide the
time between each mode of training equally, as this was the participant’s general use pattern.
This alternative approach should be considered for future studies.
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Strategies to facilitate adherence emphasized the incorporation of activities that the
participant could complete with his family. These included function-based activities such as
feeding himself with the affected UE and playing games that with his grandchildren that
incorporated the involved UE. Jurkiewicz and Marzolini38 recently reported 55–76%
adherence in HEP once formal outpatient stroke rehabilitation has ceased. This participant’s
adherence may have been greater due to the remote involvement from the therapist, in
addition to the emphasis on incorporating the involved UE into daily activities that involved
his family. Through the weekly phone calls, the therapist was able to adapt the HEP to
appropriately challenge the participant and to optimize his engagement. The incident in
week 3, with the robotic device being set at a level higher than the participant could
reasonably be expected to achieve, underscores the concept that use of a robotic device
should be monitored by a therapist with in-depth knowledge related to typical motor
recovery and familiarity with technology to ensure agreement between program progression
and expected change in motor performance.
A barrier to the adaptation of any robotic device to a rehabilitation application is the
technology itself. The patient must be willing to learn how to operate the device, and the
therapist must have technical knowledge of the device. These concerns are important since
technological difficulties in the various stages of installation and operation can negatively
affect the effectiveness of telerehabililation.39 The participant in this case study embraced
both the technology of the robotic device, and the distant monitoring component of this
stroke rehabilitation model. Furthermore, although costs are minimal for direct therapy care,
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the cost of robotic devices has not traditionally been covered by third party payors. Further
study will provide important data regarding the feasibility of telerehabilitation for stroke.
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Another significant gap addressed by this case study is the investigation of the feasibility of
using a robotic device as a component of a program for improving UE function in persons
with significant paresis after stroke. While most UE rehabilitation interventions investigated
in large-scale randomized controlled trials that have been found to be efficacious following
stroke have had stringent movement requirements,34, 37 robotic therapy could include
individuals who are not able to isolate movements of the wrist and hand. Future research
investigating the efficacy of a home-based robotic-assisted intervention on the recovery of
motor function in persons with stroke who have limited volitional movement will provide
valuable data in directing rehabilitative care for this population.

Summary

NIH-PA Author Manuscript

Numerous barriers exist that prevent persons with stroke from obtaining the optimal dose of
therapy to drive neural reorganization and promote motor recovery.19, 31 The current health
care model in the US does not support the intensity of therapy documented in the literature
as being necessary for improvement,40 primarily because most government and private
insurance plans have therapy caps or visit limits. Upon discharge from therapy, people with
stroke are traditionally instructed in home exercise programs to be undertaken
independently, without the guidance of a physical or occupational therapist. They often
experience a decline in function after discharge from therapy, due, in part, to poor long-term
adherence to rehabilitation exercises.41 This case study addresses several of these barriers:
access to stroke rehabilitation, quantity/dosage of practice, quality of practice, and
adherence to the program. The outcomes of this case suggest that participants can complete
the UE rehabilitation program independently in their home environment. As opposed to
direct supervision of a therapist, remote monitoring may be sufficient to improve UE
function in some cases. If such efforts can be reproduced in a clinical trial, the impact on
health care costs and patient outcomes could be profound.
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Figure 1.

Illustration of the Hand Mentor Pro robotic device and its components. Indicated with
arrows are: A) pneumatic hose and data cable, B) arm unit with pneumatic actuator, C)
control box and touch-screen display
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Figure 2.

Total daily time spent completing combined robotic and HEP intervention (A) and daily
percentage of exercise time using HMP robotic device (B). Note that daily percentage of
HEP is the inverse of daily percentage of HMP time. Horizontal dashed lines depict total
prescribed daily exercise time (180 minutes) (A) and relative percentage of HMP usage
(66.6%) requested of participant in study protocol.
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Figure 3.

Total daily time allotted to each program on the HMP robotic device over the 8-week trial.
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Baseline and post-intervention outcomes: Action Research Arm Test (ARAT), Fugl-Meyer Assessment
(FMA), Center for Epidemiologic Studies Depression Scale (CES-D), and the Stroke Impact Scale (SIS).
Baseline

Post-Test

Difference

ARAT

21/57

37/57

16B

FMA

22/66

42/66

20A,B

CES-D

23/60

4/60

19

SIS: Physical Problem/Strength

10/20

9/20

−1

SIS: Memory

27/35

25/35

−2

SIS: Feelings

25/45

42/45

17

SIS: Communication

34/35

35/35

1

SIS: ADL

35/50

42/50

7A

SIS: Mobility

31/45

30/45

−1

SIS: Hand Use

6/25

8/25

2
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SIS: Meaningful Activity

16/40

25/40

9

SIS: Stroke Recovery

40/100

65/100

25

A

indicates value ≥ MCID

B

indicates value ≥ MDC

Improvements in performance from baseline are identified with an asterisk (*).
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4
2
3
3
2
3
3
3
3
N/A
N/A

1.75
10.09
5.44
6.72
55.00
28.70
18.10
10.68
22.50
5
2.13

Reach and retrieve

Lift can

Lift pencil

Lift paper clip

Stack checkers

Flip cards

Turn key in lock

Fold towel

Lift basket

6.24

8

5.59

10.21

42.00

27.80

24.30

Unable to complete

6.91

5.75

1.66

1.41

1.60

1.53

1.75

1.22

1.56

Time (s)

Post-Test

N/A

N/A

4

4

2

3

3

1

3

4

4

3

4

3

3

4

4

FAS

Improvements in performance from baseline are identified with an asterisk (*).

Average grip strength (kg)

Weight to box (lb)

3
3

3

5.19

Extend elbow with weight
1.75

3

3.19

Extend elbow

3.34

3

2.50

Forearm to box

Hand to table

3

1.25

Forearm to table

Hand to box

FAS

Baseline
Time (s)

WMFT Task

4.09

3

−16.91

−0.47

23.9

−0.9

−30.70

N/A

1.47

−4.34

−0.09

−1.93

−0.15

−3.66

−1.44

−1.28

0.31

Time (s)

N/A

N/A

1

1

−1

0

1

−2

0

2

0

0

1

0

0

1

1

FAS

Difference

Time and functional ability scale (FAS) score for individual tasks of the Wolf Motor Function Test (WMFT).
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