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Introduction

Stroke remains a major cause of disability,1,2 with hemipa-
resis being a key contributor. The majority of patients with 
post-stroke arm weakness demonstrate persistent impair-
ments that are directly linked to larger activity limitations 
and participation restrictions, lower quality of life, and 
decreased well-being.3 New therapeutic approaches are 
needed, including strategies to increase overall dose of 
activity-based motor therapies, that can lead to better out-
comes.4-9 Telerehabilitation (TR) offers consistent and high 
therapy doses through greater accessibility, and has the 
potential to change the landscape for rehabilitation. We pre-
viously demonstrated that upper extremity (UE) motor 
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Abstract
Background. Enhanced neural plasticity early after stroke suggests the potential to improve outcomes with intensive 
rehabilitation therapy. Most patients do not get such therapy, however, due to limited access, changing rehabilitation 
therapy settings, low therapy doses, and poor compliance. Objective. To examine the feasibility, safety, and potential efficacy 
of an established telerehabilitation (TR) program after stroke initiated during admission to an inpatient rehabilitation 
facility (IRF) and completed in the patient’s home. Methods. Participants with hemiparetic stroke admitted to an IRF 
received daily TR targeting arm motor function in addition to usual care. Treatment consisted of 36, 70-minute sessions 
(half supervised by a licensed therapist via videoconference), over a 6-week period, that included functional games, exercise 
videos, education, and daily assessments. Results. Sixteen participants of 19 allocated completed the intervention (age 
61.3 ± 9.4 years; 6 female; baseline Upper Extremity Fugl–Meyer [UEFM] score 35.9 ± 6.4 points, mean ± SD; NIHSS score 
4 (3.75, 5.25), median, IQR; intervention commenced 28.3 ± 13.0 days post-stroke). Compliance was 100%, retention 84%, 
and patient satisfaction 93%; 2 patients developed COVID-19 and continued TR. Post-intervention UEFM improvement 
was 18.1 ± 10.9 points (P < .0001); Box and Blocks, 22.4 ± 9.8 blocks (P = .0001). Digital motor assessments, acquired 
daily in the home, were concordant with these gains. The dose of rehabilitation therapy received as usual care during this 
6-week interval was 33.9 ± 20.3 hours; adding TR more than doubled this to 73.6 ± 21.8 hours (P < .0001). Patients enrolled 
in Philadelphia could be treated remotely by therapists in Los Angeles. Conclusions. These results support feasibility, safety, 
and potential efficacy of providing intense TR therapy early after stroke.

Clinical Trial Registration: clinicaltrials.gov; NCT04657770
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therapy delivered via our telehealth platform improved arm 
motor status,10 and in a multisite, randomized, assessor-
blinded, non-inferiority clinical trial, found that this TR 
program improved arm motor status substantially and to the 
same extent as dose-matched therapy delivered in the 
clinic.11 This TR therapy further resulted in a significant 
proportion of patients improving on a global disability scale 
(modified Rankin Scale [mRS]).12 While increasing evi-
dence supports TR in the chronic phase of stroke recovery, 
data remain scarce for TR started in the early weeks post-
stroke, when neural plasticity may be in a heightened state.13 
Moreover, the transition of rehabilitation care from inpa-
tient rehabilitation to home setting is often fragmented, and 
outpatient rehabilitation is under-dosed14 and delayed in 
many cases. TR commencing in the Inpatient Rehabilitation 
Facility (IRF) may enhance the IRF-home transition through 
continuity of treatment structure and therapist interaction 
and may also increase the overall therapy dose and 

compliance during the critical recovery time. The current 
study aimed to examine feasibility and safety of TR intro-
duced in the IRF setting. The study also aimed to explore 
UE motor recovery in the setting of early UE motor TR; this 
was an uncontrolled pilot study, and so this was examined 
in order to generate an initial estimate of motor outcomes 
with this therapy. Two secondary goals were to confirm if 
exercise repetition count during therapy matched the repeti-
tion number assigned, and to assess feasibility of having 
therapists in one city provide TR therapy to patients in a 
separate city.

Methods

This was a prospective, dual-site, single-arm repeated mea-
sures study (Figure 1D), approved by the Institutional 
Review Board at University of California, Los Angeles 
(which provided oversight for UCLA and MossRehab). We 

Figure 1.  (A) Supervised TR session at home: The in-home setup provides the therapist with a wide-angle view of movements 
performed by the patient while performing an individualized therapy program, consisting of functional games and exercises. The 
therapist can also see the screen of the patient’s device (“Therapist view”) and provide feedback. (B) Selected functional games 
available that target proximal and distal motor functions. These are combined with exercises, assessments, and education into a 
daily schedule. Patients are presented with a summary of the day’s assigned therapy components and note their progress with each 
successive component completed. (C) A patient using the air mouse controller, one of several devices available to drive game play, 
used here improve wrist range of motion during TR game play. (D) Study design: Participants were consented, screened, assessed, 
and started the TR program while at the IRF, and continued at home with 36 daily sessions of 70-minute duration, 6 days/week, for 
6 weeks. Visit 2 was performed within 5 days of the final TR session.
Abbreviations: TR, telerehabilitation; IRF, inpatient rehabilitation facility.
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enrolled participants during inpatient admission at 
California Rehabilitation Institute and MossRehab who had 
arm weakness after a recent stroke. As this was a pilot study, 
eligibility criteria were by design broad: age  ≥18 years, 
recent ischemic stroke or intracerebral hemorrhage, at least 
some UE motor deficits (affected Upper Extremity Fugl–
Meyer [UEFM] score <56), and at least some preserved 
voluntary UE movement (Box and Blocks Test [BBT] ≥3 
blocks in 60 seconds); a full list of inclusion/exclusion cri-
teria appears in Table S1. Participant enrollment represented 
local demographics for a convenience sample without prej-
udice on sex, race, ethnicity, or socioeconomic status. 
Stroke admission records to the IRF were screened on a 
regular basis to identify potential study candidates, who 
were then approached and, if interested, consented (no sur-
rogate consent). Participants were asked to sign a behav-
ioral contract that outlined study expectations and that also 
recorded a key functional goal for each patient. Participants 
were familiarized with their TR system during the IRF 
admission and then started TR, during the IRF admission 
when this was possible, depending on length of stay.

A 6-week TR program was implemented, following the 
intervention protocol from the prior national study,12 com-
prising 36 sessions (18 supervised, 18 unsupervised) of 
70-minute length, allowing up to 2 additional weeks for 
missed sessions. Each 70-minute session began with daily 
assessment of 4 behaviors: proximal UE movement, via a 
targeting reaching game by the paretic UE; distal UE move-
ment, assessing maximum tapping speed of the paretic index 
finger at the metacarpophalangeal joint over 10 taps; general 
fatigue, using a visual analog scale (VAS); and shoulder pain 
on the paretic side using a VAS. Each session then involved 
at least 15 minutes of exercises, at least 15 minutes of func-
tional games, and 5 minutes of stroke education (Figure 1). 
The TR device includes a range of controllers to provide 
variety of choice for the therapist promoting specific move-
ments. For example, to focus on gross shoulder and elbow 
movements, the use of large stationary buttons in the table-
top console, or wireless hand-held controllers may be suit-
able. For fine movement control, console-based options 
include a trackpad, a dial, a pinch gage, and small buttons. 
The treatment intervention centers around high-dose repeti-
tive arm practice; however the overall therapeutic structure 
includes domains of cognition and attention. For example, 
games that require UE movement to play might stress visuo-
motor tracking, memory, or sensorimotor integration. The 
biological model of TR efficacy is that performance of UE 
motor repetitions activate numerous brain circuits, including 
attention, somatosensory, visuomotor, and cognitive circuits, 
each of which drives motor cortex activity, and the effects of 
this activity converge on motor cortex and its efferent sig-
nals down the corticospinal tract.

Table 1 describes the TR treatment program using the 
Rehabilitation Treatment Specification System.15 The main 

treatment targets and ingredients promoted by the therapist 
and by TR system usage include: Organ Functions domain 
(1) target—increased strength and endurance of UE mus-
cles, ingredient—UE strengthening exercises presented by 
video, (2) target—increased passive range of motion; ingre-
dient—self-stretching maneuvers using the unaffected 
hand. Skills and Habits domain (3) target—improved UE 
motor function; ingredient—digital/visuomotor games with 
repetitive voluntary gross and fine motor skill practice with 
extrinsic feedback (including knowledge of performance 
within-game, and knowledge of results as feedback from 
scores). Representations domain (4) target—increased cog-
nitive load tolerance, ingredient—progressively increased 
difficulty in games including speed-accuracy and problem 
solving, (5) target—transition of device-based practice to 
ADLs, ingredient—identification of functional goals, mod-
ification of TR training to include goals, feedback and 
review, and (6) target—increased knowledge about stroke 
and prevention; ingredient—stroke risk factors and preven-
tative measures quiz game with feedback. Each treatment 
target has a definitive outcome measure. The composite 
effect of TR treatment aims to have positively ancillary out-
comes including adherence to structured daily rehabilitation 
practice, improved mood, and quality of life.

We documented specific strategies employed in the pres-
ent study to effectively introduce TR in the IRF setting and 
adhere to the protocol that may be of use for future trials 
(Table S2). As in our prior study,12 the treatment therapist 
examined the patient before the first TR therapy session and 
then created a personalized 70-minute session. This con-
sisted of selecting games and exercises, and adjusting the 
duration and difficulty of each, as appropriate for each 
patient’s therapeutic goals. Each patient also performed 
5 minutes/day of stroke education, presented in a Jeopardy 
format. A web-based therapist portal allowed therapists to 
review patient usage and performance data (including the 4 
daily assessments and game scores), plan/modify subse-
quent day’s treatment sessions, write a brief electronic daily 
note, and engage in videoconferences during supervised 
sessions. The remote videoconference set-up allowed flex-
ibility in the location of the supervising therapist, and cross-
site supervision between UCLA and MossRehab. During 
the supervised sessions, therapists checked on individual 
functional goals and gave the patient feedback as they 
played games and exercises that targeted specific move-
ments relating to the functional goals.

We tested the feasibility of cross-site treatment supervi-
sion and monitoring using 2 models: (1) Full handoff of the 
patient at IRF discharge. For this model, the interstate thera-
pist from UCLA was introduced to the participant prior to 
patient discharge from the MossRehab IRF. The baseline 
assessment scores and insights on patient were shared with 
the UCLA therapist along with an initial treatment plan 
drafted by MossRehab to enable smooth transition of care; 
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(2) Shared treatment between local and interstate therapists. 
As with typical onsite therapy scheduling, for this model, 
one therapist (interstate) could cover for the principal treat-
ment therapist (local) when a scheduling conflict arises or 
with time off. For this model, the previous session notes 
were shared in advance to the covering therapist. The 
patient was also introduced to the therapist in a 3-way tele-
conference call prior to the cross-site session to enable 
effective transition of care.

Adverse events were recorded at supervised sessions. 
During each supervised session, patients were prompted to 
report any Adverse Events (AE) that may have occurred 
since the previous supervised session. AEs were docu-
mented in an event reporting form that contained informa-
tion including: date of event, date the study team learned of 
the event, 3-tier classification (1. Expected or unexpected, 
2. Serious or not serious, 3. Definitely or probably related, 
possibly related, or unlikely or not related, based on study 
investigator judgment), plus a description of the event. 
Clinical outcomes were measured at live exams occurring 
at baseline and at the end of the intervention. Patient experi-
ences were also collected during and at end of TR using a 
Telerehab Satisfaction Questionnaire16 via the TR system. 
Two TR hardware systems were employed: the one 
described previously12 and a comparable system manufac-
tured by TRCare (Palo Alto, CA).

Percentage compliance and retention were calculated 
for study feasibility as the primary outcome measures. 
Compliance was defined as number of sessions a patient 
completed with >40 minutes of assigned therapy divided 

by total number of assigned sessions within 6 to 8 weeks 
(maximum 36). Retention was defined as % enrollees 
who completed 15 or more of 18 supervised sessions.11 
For preliminary estimates of efficacy, clinical outcomes 
were measured as secondary outcomes, including UEFM, 
BBT, Montreal Cognitive Assessment (MoCA), 9-hole 
Peg Test (NHPT), grip strength, pinch strength, 14-item 
Motor Activity Log, Stroke Impact Scale (SIS), mRS, 
EuroQol-VAS, Chaos Scale, Modified Ashworth Scale, 
Shoulder Abduction Finger Extension (SAFE) score, and 
Trailmaking test A & B. Change over time in these out-
come data was assessed using paired-sample parametric 
or non-parametric tests as appropriate. Change in daily 
UE motor performance scores representing proximal 
(whack-a-mole game), and distal (maximum finger tap-
ping speed), pain and fatigue scores were calculated as 
the difference in average score of the first 3 days and last 
3 days.

Results

From 5/13/2021 to 5/6/2022, 831 admission records between 
the 2 sites were pre-screened for potential study eligibility. 
Of 63 records indicating potential eligibility, 22 participants 
were both approached and gave written informed consent to 
participate. 19 remained eligible after in-person screening 
for inclusion and were allocated to the intervention. 16 com-
pleted the intervention (84.2% retention), and 15 partici-
pants additionally completed the post-intervention visit 
(Figure 2). The three participants who dropped out had 

Figure 2.  CONSORT flow diagram.
Abbraviations: MoCA, Montreal Cognitive Assessment; TR, telerehabilitation.
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comparable baseline clinical features (UEFM, BBT, MoCA, 
Geriatric Depression Scale, P > .05), and although they 
were significantly younger as a group (51.2 ± 4.0 years, 
dropout; 63.4 ± 11.5, completed; P = .04), the cause of with-
drawal (Figure 2) is unlikely to be attributable to age.

The baseline characteristics of the 16 patients who com-
pleted the intervention are presented in Table 2. Time from 
stroke to consent was 20.1 ± 12.0 (mean ± SD) days; to 
treatment day 1, 28.3 ± 13.0 days (range 10-71). The 16 
participants who completed the intervention had overall 

Table 2.  Baseline Characteristics.

A. Demographics and  
medical information

B. Baseline clinical  
assessments (non-motor)

C. Baseline clinical  
assessments (motor)

Age, mean (SD) 61.26 (±9.36) NIH Stroke Scale (median) 
[IQR]

4 [3.75, 5.25] UE Fugl–Meyer (total) 35.88 (±6.40)

Sex, n (%) mRS 3 [2, 4]   Proximal 21.19 (±4.94)
  Male 10 (62.5%) SIS   Wrist/Hand 11.75 (±4.58)
  Female 6 (37.5%)   ADL section 32.26 (±6.68)   Coordination/speed 2.94 (±1.0)
Race, n (%)   Hand motor domain 13.58 (±5.17) Handedness R = 11, A = 2, L = 3
  A�merican Indian or 

Alaska Native
0 (0%) Geriatric Depression Scale 3.75 (±3.38) 14 item motor activity log 16.13 (±12.04)

  Asian 4 (25%) EQ VAS 71.10 (±17.31) SAFE 6.44 (±1.63)
  B�lack or African 

American
6 (37.5%) Chaos scale 14.17 (±4.06) BBT (# of blocks)  

  N�ative Hawaiian/
Pacific Islander

0 (0%) MoCA 24.69 (±3.98)   Affected UE 13 (±11.16)

  White 6 (37.5%) Line cancellation test, n (%)   Unaffected UE 40.13 (±12.30)
  Unknown 0 (0%)   Normal 14 (87.5%) Grip strength (kg)  
Ethnicity, n (%)   Abnormal 2 (12.5%)   Affected UE 8.82 (±6.97)
  Hispanic/Latino 0 (0%) Trail Making Test   Unaffected UE 28.74 (±9.96)
  Not Hispanic/Latino 15 (93.8%)   Time in sec Pinch strength (kg)  
  Unknown 1 (6.3%)     Test A 45.22 (±18.48) Pinch strength (affected) 

kg
3.24 (±3.26)

Comorbidities, n (%)     Test B 113.31 (±55.37) Pinch strength 
(unaffected) kg

7.83 (±3.15)

  Hypertension 10 (62.5%)   Correct connections Modified Ashworth Scale  
  High cholesterol 8 (50%)     Test A 23.94 (±3.49)   Pectoralis Major 0 [0, 1]
  Diabetes mellitus 2 (12.5%)     Test B 18.25 (±7.36)   Biceps 1 [.5, 1.5]
  Atrial fibrillation 1 (6.25%) Nottingham sensory scale   Triceps 0 [0, 1]
  C�oronary artery 

disease
2 (12.5%)   Light touch 3.19 (±1.52)   Wrist Flexors 0 [0, 1]

Prior stroke, n (%)   Pin Prick 3.31 (±1.01)   Finger Flexors 0 [0, 1]
  No prior stroke 14 (87.5%)   Kinesthesia 8.50 (±2.92) NHPT  
  ≥�1 prior stroke (with 

remaining motor 
symptoms)

2 (12.5%)   Stereognosis 10.25 (±9.90)   Affected UE  

  Index stroke     Time to complete 55.91 (±10.96)
Lesion type, n (%)     Pegs placed (of 9) 3.40 (±3.56)
  Ischemic 13 (81.3%)     Pegs removed (of 9) 1.33 (±3.15)
  Hemorrhagic 3 (18.8%)   Unaffected UE  
  T�ime since stroke 

(stroke to consent)
    Time to complete 35.75 (±16.98)

Mean days (±SD) 20.13 (±12.02)     Pegs placed (of 9) 7.60 (±2.75)
  <14 d, n (%) 3 (18.75%)     Pegs removed (of 9) 8.25 (±2.60)
  14-30 d, n (%) 11 (68.75%)  
  >30 d, n (%) 2 (12.5%)  

Abbreviations: UE, upper extremity; mRS, modified Rankin Scale; SIS, Stroke Impact Scale; SAFE, Shoulder Abduction Finger Extension; BBT, Box and 
Blocks Test; MoCA, Montreal Cognitive Assessment; NHPT, 9-Hole Peg Test.
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low global impairment (NIHSS score 4 [3.75, 5.25], median, 
IQR), mild-to-no aphasia, and moderate-severe hemiparesis 
(UEFM score 35.9 ± 6.4 points). The number of TR ses-
sions completed within the IRF was 4.4 ± 4.4 (range 0-13). 
Compliance with the 36 TR sessions was 100% (97%, 
100%). Note that 2 patients had a new COVID-19 diagnosis 
during enrollment and continued TR. Compliance was not 
affected with cross-site treatment supervision and monitor-
ing, irrespective of whether the treatment was shared 
between local and interstate therapists, or fully transitioned 
to the interstate therapist. Patient acceptance of the pro-
gram, measured using percentage maximum score on the 
Telerehab Satisfaction Questionnaire, had a median value 
of 93.3% (IQR 82%-95%). The dose of rehabilitation ther-
apy for usual care during this 6-week interval was 
33.9 ± 20.3 hours. This comprised both inpatient and outpa-
tient rehabilitation therapy (usual care data available in 11 
subjects). The total dose of rehabilitation therapy more than 
doubled (P < .0001), to 73.6 ± 21.8 hours, when the amount 
of TR (received in IRF and then at home) was added.

Behavioral outcomes support the potential efficacy of 
this TR intervention. Change in behavioral scores from 
baseline to immediately post-TR are listed in Table 3 (n = 15). 
Patients receiving TR showed good recovery: post-interven-
tion, UEFM improvement was 18.1 ± 10.9 points (P = .0001, 
MCID 5.25pts17), BBT improvement was 22.4 ± 9.9 blocks 
(P = .0001), 9-hole peg test completion time decreased by 
17.3 ± 12.8 seconds (P = .004), and Motor Activity Log 
increased by 24.0 ± 13.8 points (P = .0001). Additional 
motor tests that improved significantly (P < .05) included 
the SAFE score, SIS hand motor domain, and pinch strength. 
The mRS score improved by 1 point (median −1; IQR −2, 0; 
P = .004) from pre- to post-intervention.

Daily assessments of UE motor status, fatigue, and 
shoulder pain could be collected using the TR system from 
the IRF and then from the home. Daily motor scores 
improved over the 36 treatment sessions: the proximal UE 
task increased from 30.0 ± 15.2 to 69.9 ± 26.1 targets 
(P = .0005) and maximum index finger tapping rate 
increased from 0.73 ± 0.42 to 3.0 ± 1.3 Hz (P = .0005; 
n = 12). Daily pain and fatigue scores also improved, but 
these changes did not reach significance. An example of 
daily testing in a patient appears in Figure 3.

The number of UE repetitions for assigned exercises 
agreed closely with a measure based on a therapist counting 
movements during therapy across the 18 supervised ses-
sions (assigned repetitions = 3881 ± 1805; therapist 
count = 4024 ± 1642; Spearman’s rho = .98, P < .0001).

A total of 6 AEs were recorded: 4 were classified as 
unexpected, serious, and unrelated to the study—sepsis, 
pneumonia, recurrent stroke, and shoulder injury outside of 
study; 2 were classified as unexpected, not serious, possibly 
related—a patient with hemianopsia felt nausea when using 
his prism glasses during TR (relieved by increasing breaks) 
and a patient with depression felt demotivated when asked 

to score anxiety and depression online (relieved by remov-
ing these assessments).

Discussion

This study demonstrated the feasibility of providing intensive 
TR-based arm therapy in addition to usual care, starting during 
IRF admission and at IRF discharge continuing seamlessly in 
the home, for a regimen spanning 6 weeks. The addition of TR 
substantially increased the overall therapy dose. Treatment on 
one side of the continent could be supervised by a therapist on 
the opposite side, supporting that TR treatment need not be 
limited to the catchment area of a local hospital.

Feasibility Demonstrated: TR Can Start in the 
IRF and Transition to the Home

A key question for intensive add-on therapies in the early sub-
acute period after stroke is whether participants can be identi-
fied, consented, assessed, and then commence treatment 
whilst admitted to the IRF. Our current findings support this—
all within a month from stroke onset on average. All patients 
completed familiarization sessions within the IRF and 
received up to 13 TR therapy sessions in addition to usual 
therapy before transitioning the TR therapy to home. This was 
in conjunction with all usual IRF care, and without significant 
disruption to clinical workflow. Patients commenced TR ther-
apy as early as 10 days after stroke onset. Adding TR more 
than doubled the total dose of therapy provided by usual care 
alone during the subacute period post-stroke. Furthermore, we 
validated that the assigned number of UE movement repeti-
tions during exercises closely matched the number observed 
by therapists during supervised sessions.

Adherence to the TR exercise regimen was excellent 
(median 100%), markedly higher than the previously 
reported 65% in post-stroke rehabilitation.18 This technol-
ogy spans the transition from IRF to home, employing the 
same device, treatment content, and treatment therapist over 
time, which may explain the high compliance and satisfac-
tion. Because TR continued in the home, two patients with a 
new COVID-19 diagnosis and isolation could continue post-
stroke rehabilitation therapy. Anecdotally, these factors were 
valued by patients and are consistent with the high (93%) 
patient satisfaction scores at the end of TR. One patient 
reported TR-home-therapy as “the single most important 
thing each day that gets me out of bed in the morning.”

Potential Efficacy and Low Risk of Early TR 
Intervention

Significantly improved clinical scores were observed across 
a range of measures, although the contribution of TR is dif-
ficult to discern given the lack of a control group and the 
expected natural recovery in the early post stroke phase.8 
Future studies should evaluate the effect of adding TR to 
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usual care early post-stroke compared to a control group 
receiving usual care only in order to define benefits specifi-
cally attributable to adding TR therapy to usual care.

There were no serious adverse events related to the inter-
vention despite the increased overall dose of motor activity, 
and minor events could be resolved without impacting ther-
apy. This finding is in alignment with the US Food and 
Drug Administration designation of the TR device and pro-
tocol as non-significant risk. The several unrelated serious 
adverse events represent general medical complications that 
are prevalent in early recovery. In this patient population, 
medical complications in some cases may delay or interrupt 

the TR intervention, but are less likely to result in the patient 
being excluded from this therapy. No evidence of harmful 
effects of this early and intensive intervention was apparent, 
but rather association with large clinical improvements. Our 
interpretation is that the potential benefit of this accessible 
intervention outweighs the negligible risk.

Patient Suitability for TR and Optimal Timing

For which patients might the TR intervention be suitable? 
Similar to conventional motor therapies that do not use digi-
tal technology, this type of TR intervention should 

Figure 3.  Each patient underwent 4 daily assessments using the telerehabilitation system. Sample data from an individual participant 
are shown, with improvement over time in (A) proximal motor performance, (B) distal motor performance, and (C) shoulder pain. 
Panel (D) shows fatigue to be stable. Index finger tapping is reported in Hz.
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be suitable for stroke patients with persistent arm motor 
impairment who have sufficient residual motor and cogni-
tive ability to engage in repetitive movements and therefore 
might be reasonably expected to benefit. Our study inclusion 
criteria were broad in some respects, enabling patients with 
severely reduced function to participate (minimum 3 blocks 
per minute, BBT), and thus enrollment was not restricted to 
high functioning patients. Patients with a mild decrease in 
mental status (MoCA >21) could participate, and those with 

mild-moderate forms of common coexisting conditions such 
as depression and aphasia could also take part. Since reduced 
arm function is common amongst patients with stroke, the 
significance of a treatment that may enhance arm function11 
and reduce global disability12 should be underscored.

Relative to historic clinical trials in post stroke motor 
recovery, the pre-screening hit-rate for the present study 
would not be considered outside a typical range.9,19,20 We 
did not find that the nature of our intervention being 

Table 3.  Clinical Change From Baseline to Immediately After Completing Telerehabilitation Therapy.

Assessment Pre-intervention score Post-intervention score Change scores P

Geriatric Depression Scale mean (SD) 3.87 (±3.46) 4.36 (±4.13) 0.2 ± 4.38 .95
SIS (ADL section) 30.27 (±5.60) 34.71 (±7.53) 2.13 ± 9.99 .11
Stroke impact scale (hand motor domain) 10.47(±4.45) 16.57 (±4.24) 5 ± 3.67 .0006
EQ VAS 69.87 (±21.04) 74.21 (±13.35) −0.6 ± 24.87 .95
Chaos scale 14.27 (±3.83) 13.93 (±4.55) −1.27 ± 3.15 .23
mRS (median) [IQR] 4 [3, 4] 2 [2, 3] −1 [−2, 0] .0039
Modified Ashworth Scale
  Pectoralis Major 0 [0, 1.5] 0 [0, 1] 0 [−0.5, 1] 1
  Biceps 1 [1, 1.5] 1 [0, 2] 0 [−0.5, 0.5] .82
  Triceps 0 [0, 1] 0 [0, 1.5] 0 [−0.5, 0.5] .95
  Wrist Flexors 0 [0, 1] 0 [0, 1] 0 [−0.5, 0] .84
  Finger Flexors 0 [0, 1] 1 [0, 1] 0 [0, 1] .31
14 item motor activity log 17.20 (±11.91) 41.23 (±10.30) 24.03 ± 13.81 .0001
SAFE 6.33 (±1.63) 8.27 (±1.16) 1.98 ± 1.81 .002
Grip strength (affected) kg 8.78 (±7.21) 15.14 (±6.86) 6.35 ± 9.39 .081
Grip strength (unaffected) kg 29.50 (±9.82) 29.29 (±9.19) −0.21 ± 4.8 .72
Pinch strength (affected) kg 3.26 (±3.40) 5.67 (±3.00) 2.4 ± 1.93 .0009
Pinch strength (unaffected) kg 8.11 (±3.05) 8.32 (±3.93) 0.2 ± 1.38 .77
MoCA 24.73 (±4.11) 26.27 (±3.37) 1.53 ± 3.12 .11
BBT (affected) # of blocks in 60 s 11.53 (±9.83) 33.93 (±10.74) 22.4 ± 9.75 .0001
BBT (unaffected) # of blocks in 60 s 39.60 (±12.54) 44.20 (±12.58) 4.76 ± 8.33 .07
Fugl–Meyer Assessment (total) 35.33 (±6.23) 53.40 (±9.26) 18.07 ± 10.85 <.0001
Fugl–Meyer Assessment (proximal) 20.60 (±4.50) 28.80 (±5.77) 8.2 ± 5.98 .0001
Fugl–Meyer Assessment (Wrist/Hand) 11.67 (±4.73) 19.87 (±3.29) 8.2 ± 5.9 .0001
Fugl–Meyer Assessment (coordination/speed) 3.07 (±0.88) 4.73 (±1.10) 1.67 ± 1.01 .0002
Trail Making Test
  Test A
    Time in sec 43.70 (±18.10) 32.84 (±8.59) −10.86 ± 18.65 .03
    Correct connections (of 25) 23.87 (±3.48) 23.73 (±4.48) −0.13 ± 1.15 1
  Test B
    Time in sec 113.47 (±57.18) 125.37 (±70.55) 11.9 ± 54.29 .81
    Correct connections (of 25) 19.20 (±6.58) 17.93 (±8.19) −1.27 ± 6.87 .79
NHPT
  NHPT affected time to complete (s) 57.85 (±7.45) 40.52 (±14.78) −17.33 ± 12.75 .004
  NHPT affected pegs placed (of 9) 2.83 (±3.59) 8.08 (±2.61) 5.25 ± 3.57 .0039
  NHPT affected pegs removed (of 9) 0.920(±2.61) 6.75 (±4.07) 5.83 ± 4.16 .0078
  NHPT unaffected time to complete (s) 29.68 (±12.89) 28.33 (±12.39) −1.36 ± 9.41 .79
  NHPT unaffected pegs placed (of 9) 8.58 (±1.44) 8.42 (±2.02) −0.17 ± 0.55 1
  NHPT unaffected pegs removed (of 9) 8.25 (±2.60) 8.25 (±2.60) 0 ± 0 1

Abbreviations: SIS, Stroke Impact Scale; mRS, modified Rankin Scale; MoCA, Montreal Cognitive Assessment; BBT, Box and Blocks Test; NHPT, 9-hole 
Peg Test.
P values in bold indicate statistical significance.
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digitally based and involving remotely supervised sessions 
limited the enrollment or selection of patients. Indeed, the 
high compliance rate with TR observed following enroll-
ment may actually be attributable in part to the nature of our 
TR intervention, for example, through strong engagement 
and connection with the therapist.

Young patient age and high computer literacy do not 
likely explain this study’s successful enrollment and high 
compliance. The mean age of adult participants in the pres-
ent study was 61 ± 9 years, comparable to that seen in activ-
ity-based motor studies in adult stroke that do not use such 
technology.9,19 We previously reported that although com-
puter literacy declined with increasing age as expected, 
motor gains and amount of TR system use were not affected 
by computer literacy.10 Thus, we maintain that our system is 
easy to use, does not require computer skills, and is suitable 
for the adult stroke population.

The prediction of individual patients achieving a clini-
cally meaningful improvement from TR was not a focus of 
the present study. As with conventional activity-based 
motor rehabilitation, patient selection and outcome predic-
tion is challenging using baseline clinical data alone. In one 
recent study, we found that a model combining multiple 
clinical measures explained only 39.3% of the variance in 
treatment-related gains following TR in patients with 
stroke.21 We expect that prediction would be strengthened 
by incorporating a measure of integrity of the ipsilesional 
corticospinal tract.22-26 The biological reserve (% residual 
CST) is a leading criterion for positive intervention 
response,25 and may outperform judgment based on clinical 
features. This would be useful to assess in prospective tri-
als, and has practical utility with routine clinical MRI acqui-
sition progressively more common in stroke diagnosis.

We have demonstrated that our TR intervention previ-
ously shown to be effective in the late subacute to chronic 
stage, is now feasible and safe in early recovery at less than 
1 month from stroke onset. Early intensive intervention that 
spans from the IRF setting to the home/community setting 
is a practical solution for addressing the under-dosing inher-
ent in contemporary clinical care in this recovery phase. It 
is also considered a critical time for brain plasticity, with 
potential to alter the recovery trajectory. Our findings here 
set the stage for a trial comparing TR intervention com-
mencing in the early sub-acute versus late sub-acute recov-
ery phases. The outcome would determine if the TR should 
start in the IRF, or can be (or should be) commenced later in 
the community setting, an open question.

Study Limitations

As an initial feasibility study of early intensive TR, the present 
study was not designed to include a control group, and so the 
clinical improvement data presented here should be interpreted 
in this light. Future efficacy trials of this intervention should 

include a usual care control group, to enable the clinical 
improvement with usual care + TR, to be contrasted against 
that of usual care alone, in order to examine the efficacy of the 
TR intervention in early recovery after stroke.

The choice of outcome measures in the present study 
was concordant with treatment content, that is, arm motor 
impairment and function. While UE impairment is most 
often measured using the UEFM, the outcome measure of 
choice for arm function is debated. For our preliminary 
assessment of functional efficacy here, we used the BBT to 
quantify arm function and NHPT for distal function, due to 
their historical acceptance, and being relatively unaffected 
by ceiling effects. Future studies might also consider the 
Action Research Arm Test, an accepted and standardized 
test of arm function,3,27,28 that would enable results interpre-
tation in the context of similar recovery clinical trials such 
as the recent CPASS trial.9

Conclusions

The present study demonstrates the safety, feasibility, and 
favorable rating of intensive arm rehabilitation using a digi-
tal telehealth platform within the U.S. IRF setting, over and 
above usual rehabilitation care. The intervention was effec-
tively transitioned from IRF to the home environment, 
where patients continued with high compliance and satis-
faction. The dose of therapy when adding TR more than 
doubled what was provided by usual care.
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