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Abstract

Spinal cord injury (SCI) can lead to severe upper extremity (UE) impairments, limiting activities of daily living (ADLs)
and independence. The overall goal of this pilot study was to evaluate a myoelectric-powered wearable orthosis
(MPWO, MyoPro, MyoMo Inc.) for improving handgrip strength and active range of motion (AROM) in persons with
chronic incomplete SCI. Ten participants with chronic cervical iSCI (mean age 53 years, AlS B-D) were randomized
into three groups: Clinic-only MPWO (n=3), Home + Clinic MPWO (n=4), or Control traditional occupational
therapy (TOT), (n=3). All groups received 18 training sessions over 6 weeks (3x/week, ~60 min/session). Outcome
measures included handgrip AROM and maximal grip force, assessed before and after training. Participants in the
MPWO groups demonstrated substantial improvements in handgrip AROM and strength compared to baseline. On
the MPWO-trained side, average increases of ~30-37% were observed in maximum handgrip AROM and ~28-30%
in maximum grip force after training. The Home + Clinic MPWO group tended to exhibit the greatest gains. The
non- MPWO trained (contralateral) side in the MPWO groups also showed indirect improvements, with modest
increases of ~7-12% in AROM and grip force measures (suggesting a possible cross-education effect). In contrast,
the TOT control group showed minimal changes (< 10% on average). These preliminary results indicate that UE-
MPWO-assisted rehabilitation — especially when combined with at-home use — may enhance hand function in
persons with chronic cervical SCI.
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Introduction

Spinal cord injury (SCI) is a medically complex and life-
altering condition that often results in permanent physi-
cal disability. In the United States, approximately 18,400
new cases of traumatic SCI occur annually [1], with
nearly 60% involving the cervical spinal cord. Cervical
SCIs frequently result in partial or complete paralysis,
sensory deficits, and impaired motor control in both the
upper and lower extremities (UEs and LEs), contributing
to significant functional dependence [1, 2]. The severity
and distribution of these impairments are largely deter-
mined by the level and extent of spinal cord damage [1,
3]. Individuals with high-level cervical injuries often
experience profound limitations in upper limb function,
significantly affecting their ability to perform activities of
daily living (ADLs), reducing independence, and nega-
tively impacting quality of life (QOL) [4].

Restoration of upper extremity motor function is a
critical rehabilitation priority for individuals with cer-
vical SCI. While several therapeutic interventions
exist—including traditional physical therapy, functional
electrical stimulation, and static orthoses for tone and
contracture management—there remains a lack of wear-
able, powered devices specifically designed to restore
wrist, hand, and elbow function in this population [3,
4]. Recent research has explored task-specific training,
including robotic-assisted movement therapy, to pro-
mote neuroplasticity and improve functional outcomes
in individuals with incomplete SCI (iSCI) [2-9]. How-
ever, the current evidence supporting these approaches is
mixed, particularly regarding their effects on fine motor
control and translation to improve ADL performance.
Indeed, recent systematic reviews highlight both prom-
ising gains and remaining limitations of robot-assisted
training in SCI [8, 10]. Additionally, such interventions
are often restricted to controlled clinical or laboratory
environments and are not readily adaptable for home use.

A promising alternative is the myoelectric-powered
wearable orthosis (MPWO), such as MyoPro (MyoMo
Inc., Boston, MA), which was developed to assist indi-
viduals with motor impairment in performing functional
UE movements in both clinical and home settings. The
device provides powered assistance for hand grasp/
release and elbow flexion/extension, driven by the user’s
residual voluntary muscle activity, as detected through
surface electromyographic (EMG) signals recorded by
integrated sensors. These signals, even when weak, are
amplified by the system to generate functional move-
ment. This feature makes MyoPro particularly suitable
for individuals with iSCI who retain partial but insuffi-
cient muscle activation.

Compared with other wearable robotic orthoses
(WROs), MyoPro offers several distinct advantages:
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(i) it is lightweight (~ 4 1bs) and portable, enabling use
in home and community settings for functional tasks
such as feeding, object transport, and personal care [11];
(ii) it operates in response to volitional muscle signals,
promoting user engagement and intention-driven con-
trol; (iii) active user participation in movement is known
to support motor learning and neuroplastic reorganiza-
tion; and (iv) it is explicitly designed to assist elbow, wrist,
and hand functions—areas that are commonly impaired
in individuals with cervical SCI and are challenging to
rehabilitate via conventional methods.

Given the established relationships between UE func-
tion and QOL, independence, self-esteem, and commu-
nity reintegration in neurologically impaired populations
[12, 13], interventions that enhance UE function may
have broad therapeutic and psychosocial benefits.
Although most existing efficacy data for MPWOs are
derived from studies in poststroke populations [9, 14—
16], preliminary case reports in individuals with SCI have
demonstrated improvements in strength, muscle tone
regulation, and functional use of the affected limb [17,
18]. For example, a four-week intervention using orthotic
assistance was associated with significant gains in man-
ual muscle testing of wrist extensors, finger flexors, and
finger abductors. Osuagwu et al. reported hand function
improvements using a home-based robotic glove [19].
Several other adjunctive robotic therapy studies have
reported modest motor gains in individuals with tetra-
plegic SCI, for instance, Jung et al. (2019) found improve-
ments in upper-limb strength, functional independence,
and prehension when robotic training was added to
standard occupational therapy [20]. The present study
aimed to systematically evaluate the effects of MyoPro
MPWO on upper extremity motor function in individu-
als with incomplete SCI (iSCI). By integrating objective
assessments of handgrip angular position with handgrip
force, we sought to comprehensively measure functional
improvements and explore the potential for enhanced
ADL performance and QOL resulting from MPWO use.

Materials and methods

Experimental design

The current study represents a three-arm, randomized
pilot trial (RCT) examining the effects of 6 weeks of
MPWO training under two different conditions com-
pared with 6 weeks of traditional occupational therapy
(TOT) in individuals with chronic cervical SCI. Partici-
pants were randomized to one of three groups: Clinic-
only MPWO, Home + Clinic MPWO, or TOT control.

Participants

Participants were recruited directly from the Kessler
Institute for Rehabilitation, referrals made by partici-
pants’ clinicians, and a database of previous research
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participants. The participants underwent initial tele-
phone screening to confirm that their age was between
18 and 80 years and received a physiatrist-confirmed
definitive SCI diagnosis, performing the neurological
examination according to the International Standards of
Neurological Classification of SCI, to determine the neu-
rological level of injury and SCI classification using the
ASIA Impairment Scale [21]. Participants with iSCI at
the cervical level (C1-C8) were included. Study recruit-
ment and participation are presented in Fig. 1. Seven-
teen individuals were screened; 14 met inclusion criteria
and were enrolled (Fig. 1). Participants were randomly
allocated to Clinic-only MPWO (n = 4), Home + Clinic
MPWO (n = 4), or control TOT (# = 6). Four participants
withdrew during the study (1 from Clinic-only MPWO
and 3 from TOT), resulting in a final analyzed sample
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of 10 participants (Clinic-only MPWO #n = 3; Home +
Clinic MPWO #n = 4; TOT n = 3). Randomization was
performed using a computer-generated sequence. All
participants provided written informed consent, and the
study was approved by the Kessler Foundation Institu-
tional Review Board. Among the 10 participants, 4 had
greater impairment in the right upper limb (2 of whom
were right-hand dominant), while 6 had a more impaired
left upper limb and all were right-hand dominant). Each
MPWO device was applied to the participant’s more-
impaired side when feasible. We did not stratify or ana-
lyze outcomes by hand dominance or affected side due to
the small sample size.
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- Uninterested (n=5

v
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Fig. 1 CONSORT Diagram
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Experimental procedure
Training was provided via UE-MPWO (for the clinic-only
group and home + clinic MPWO group)
Participants in the MPWO groups received 18 upper-
extremity training sessions in a rehabilitation research
center (3x/week for 6 weeks, ~ 60 min/session) using
the MyoPro UE-MPWO device. Each session was super-
vised by a licensed therapist and involved a customized
training program with the orthosis. The in-clinic training
protocol was identical for both MPWO groups. In the
Home + Clinic MPWO group, participants were addi-
tionally provided with the MPWO device for unsuper-
vised home use between clinic visits, and were instructed
to perform functional exercises with the device at home
for ~ 2 h per week in weeks 4—6 of the study. By contrast,
the Clinic-only MPWO group used the device only dur-
ing supervised sessions. The Home+Clinic MPWO group
was the only group provided with a structured home
exercise program using the device. However, none of the
groups were restricted or explicitly instructed to avoid
general physical activity or exercises outside the formal
therapy sessions. Participants in the Clinic-only MPWO
and Control/TOT groups were simply not provided with
a specific home program, but they were allowed to con-
tinue their usual daily routines or self-directed activities.
The UE-MPWO device (Fig. 2) is a lightweight (~ 4
Ib) wearable orthosis that affixes directly to the partici-
pant’s arm and provides powered assistance for elbow
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flexion/extension and hand grasp/release via integrated
motors [14]. The device enables a range of motion from
0° to 130° at the elbow, delivers up to 7 Nm of torque, and
provides 1-2.7 Nm of torque to assist finger movements.
This level of support allows users to lift objects weigh-
ing up to 8 lbs during elbow flexion tasks [14]. Control
is achieved through the user’s volitional muscle signals,
detected by surface EMG sensors on the biceps/triceps
(elbow) and forearm flexors/extensors (hand). Even weak
EMG signals are amplified by the device to produce func-
tional movement, enabling users with limited residual
muscle function to perform assisted joint motions. These
sEMG signals are continuously filtered and processed
by the device’s onboard control system, which generates
joint torques proportional to the user’s voluntary muscle
activation. As a result, even low amplitude sEMG sig-
nals can be amplified to produce functional joint move-
ments, enabling users with impaired motor control to
perform assisted motions at the elbow and hand. During
the first week of training, participants learned donning/
doffing, practiced repetitive task drills, and incorporated
the MPWO into multi-step functional tasks. Active train-
ing time with the device began at ~ 20 min per session
in week 1 and was progressively increased by ~ 5 min
each week, reaching ~ 45 min by week 6. Weeks 2-6
emphasized task-specific activities using the MPWO in
ADL-oriented tasks (e.g. self-feeding, reaching to shelves,
grasp/release of objects, grooming). Participants were

Fig. 2 lllustration of the myoelectric upper extremity MyoPro MPWO



Androwis et al. Journal of NeuroEngineering and Rehabilitation

encouraged to exert volitional effort during all move-
ments, as the device would augment their active muscle
contractions.

Training was provided following traditional occupational
therapy (TOT) in the control group

Participants in the control group received 18 sessions of
conventional OT over 6 weeks (frequency and session
duration matched to the MPWO groups). TOT sessions
consisted of standard-of-care UE rehabilitation tech-
niques, including therapeutic exercise, active-assisted
and passive ROM exercises, mirror therapy, neuromus-
cular facilitation, dynamic taping for support, manual
therapies (massage), and task-oriented practice of func-
tional activities, but no functional electrical stimulation
(FES) was permitted. The TOT regimen was tailored to
each participant’s needs, typically focusing on the more-
impaired arm while also incorporating bilateral move-
ments (e.g., mirror therapy) to engage both sides. The
intensity and progression of exercises in the TOT group
were designed to parallel the MPWO training as closely
as possible, minus the use of the powered orthosis. All
TOT sessions were supervised by licensed physical thera-
pists who continuously monitored participants and pro-
vided specific recommendations to discourage the use of
compensatory strategies such as tenodesis grasp.

Baseline and post training evaluations

During the baseline and post training assessment ses-
sions, the participants were seated in her/his wheel-
chair, and testing was conducted without the use of the
UE-MPWO (Fig. 3). Measurements for each hand were
made via a customized system including a 9-axis abso-
lute orientation inertial measurement unit (IMU) sen-
sor (Adafruit Bosch Sensortec, USA) for measuring
hand angular position and a 1-DOF load sensor (Load
Cell (0-20 kg), Calgary, Canada) for measuring handgrip
forces.

The IMU sensor was attached to the distal end of the
participants’ hand (i.e., close to the fingertips) via Vel-
cro straps on the four fingers (without the thumb). The
participants’ hand was placed on a force sensor gripper
at the palm using a Velcro strap while keeping the hand’s
four fingers free to open and close (handgrip motion).

The participants sat approximately 60 cm from a
monitor that displayed visual cues during testing trials.
Testing started by displaying two red “X” letters repre-
senting each hand. The red “X” represents the visual cue
for opening the hand and relaxing the forearm muscles.
Next, a green “O” appeared on either the right or left
side of the screen. This visual cue prompted the partici-
pants to grasp (close their hand) the force sensors maxi-
mally and hold them while the green letter was displayed.
After that, two red “X” letters were displayed, cueing the
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participants to open the hand, which was in motion. A
total of 30 green cues (15 for each side) were randomly
presented. Each green cue lasted for 4 s before it was
changed to a red cue. Red cues were displayed for a ran-
dom duration (ranging between 2.3 and 4.3 s to minimize
the learning effect).

Data analysis

A custom script using MATLAB 2024 (MathWorks,
Inc.) was created to analyze the collected data. The hand
angle-position and handgrip force measurements were
filtered via a bidirectional zero-lag Butterworth low-pass
filter (cutoff frequency =10 Hz).

The data were segmented to include 15 grasp motions
for each hand. Each handgrip was normalized to 100%
activity cycle starting at 0% (when a motion cue (green
circle) was presented to participants) and 100% (when
the presented cue became a red X) (Fig. 3). Data from
every trial was compiled and presented as the means and
standard deviations.

To quantify precise changes in motor control, the hand
angular position AROM and handgrip strength were ana-
lyzed further, and we extracted the maximum value (peak
value) and average value between 30% and 70% of the
active cycle (representing the plateau area at which par-
ticipants were squeezing as prompted by the visual cues)
(Fig. 4).

Statistical Analysis: Pre- and post-training values were
recorded for each outcome. Due to the pilot sample size,
we report effect sizes (Cohen’s d) to describe within-
group improvements. In addition, we conducted analy-
sis of covariance (ANCOVA) to compare post-training
outcomes between groups, using the baseline value as a
covariate. For each outcome, adjusted post-intervention
means (estimated marginal means) were obtained for
each group. Group differences were tested with a two-
tailed a=0.05 significance level. Partial eta-squared (n?)
was calculated to indicate effect size of group differences.
A sensitivity analysis was conducted for each outcome
with baseline values entered as covariates, confirming
similar trends. This analysis allowed us to account for
pre-treatment differences between groups. Due to the
small sample, no correction for multiple comparisons
was applied. All analyses were performed using SPSS
v28.0.

Results

Descriptive characteristics

Ten participants were assigned to three groups (3 Clinic-
only MPWO, 4 Home + Clinic MPWO, 3 TOT), and com-
pleted the study. All completed sessions as prescribed,
and no adverse events were observed. (Fig. 1 presents
the CONSORT diagram of participant flow, including
group allocations and drop-outs.). The demographic and
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Fig. 3 Visual cues presented to participants during this evaluation. (A) two red X, cue participants to open both hand and relax. (B) left green circle and
right red X cue the participant to squeeze their left hand and keep their right hand opened. (C) right green circle and left red X, cue the participants to
squeeze their right hand and keep their left hand opened. (D) The participant is performing a task in the evaluation session
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circle) was presented to the participant on either the right or left side (0%), and

when the presented cue becomes a red X on both sides, the squeezing task is completed and concludes one sequencing activity cycle at 100%. Vertical
dashed lines are representing the range that the average value between 30%-70% of the active cycle

clinical characteristics of the sample are presented in
Table 1.

Adherence and compliance

Overall, applying UE-MPWO for UE movement training
was successful in participants with iSCI with no adverse
events during the study. All ten participants who were
retained in the study attended all 18 MPWRO or TOT
sessions over the 6-week period. With respect to com-
pliance, all participants completed each session as pre-
scribed across both conditions.

Primary outcomes

Data on the hand angular position AROM and handgrip
force were analyzed further, and the maximum value
(peak value) and average value between 30% and 70% of

the active hand-squeezing cycle per group per time point
are presented in Table 2; Fig. 4. These data are the results
of evaluation at baseline (prior to the training sessions,
blue color) and after 6 weeks of training via the MPWRO
or TOT (red color in Fig. 4).

On average, participants in the MPWO groups (Clinic-
only MPWO and home + Clinic MPWO) demonstrated
large improvements in handgrip AROM and handgrip
force post-MPWO training compared with baseline. On
the MPWO trained side, there were improvements of
36.5% in the maximum handgrip AROM, 28.5% in the
maximum handgrip force, 39% in the average activa-
tion of the handgrip AROM (between 30% and 70% of
the active hand-squeezing cycle), and 30% in the aver-
age handgrip force activation (between 30% and 70%
of the active hand-squeezing cycle). Furthermore, the
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Table 1 Baseline demographic and clinical characteristics of 10 people with SCI

Participant Gender Age Neurological AIS Months group assignment Handedness More

(year) level of injury  Grade post injury Affected

side

1 Male 32 C4 B 96 Clinic-only MPWO Left Right

2 Female 21 c6 D 30 Home + Clinic MPWO Right Left

3 Male 58 Q C 119 Control Right Left

4 Male 40 s B 68 Clinic-only MPWO Right Left

5 Male 54 c4 C 15 Control Right Left

6 Male 54 (@] D 45 Home + Clinic MPWO Left Right

7 Male 47 2 @ 13 Home + Clinic MPWO Right Left

8 Male 62 c6 @ 35 Home + Clinic MPWO Right Right

9 Male 45 Cc7 D 13 Control Right Left

10 Male 66 C4 C 29 Clinic-only MPWO Right Right

Table 2 Adjusted post-intervention handgrip AROM and strength outcomes (mean + SE) for the three groups, with ANCOVA F-test

results (df=2,6)

Outcome Measure Clinic-Only Home +Clinic Control (TOT) ANCOVA p-value Effect
MPWO (n=3) MPWO (n=4) Adj. (n=3)Ad,. F(2,6) Size
Adj. Mean+SE ~ Mean = SE Mean +SE (Par-

tial n?)

Max AROM (°) — Trained side 22.18+3.01 29.56+1.69 32.65+5.71 2.867 0.134 0.489

Max AROM (°) — Contralateral side 13.77 +3.56 13.14+337 -10.90+49.19 0.126 0.884 0.040

Max Grip (kg) — Trained side 2.12+2.02 3.79+0.64 11.27+13.90 0.627 0.566 0.173

Max Grip (kg) — Contralateral side 052+042 2.00+0.24 -0.02+0.94 5.409 0.045" 0.643

Avg AROM (°) (30-70%) — 18.09+3.05 28.00+1.68 29.61+6.30 4673 0.060 0.609

Trained side

Avg AROM (°) (30-70%) — Contralateral 14.20+3.28 11.93+3.09 -1560+61.69 0.353 0.716 0.105

side

Avg Grip (kg) 1.55+1.68 3.23+£0.54 92241292 0.702 0.532 0.190

(30-70%) —

Trained side

Avg Grip (kg) 040+0.28 1.65+0.17 -0.17+0.73 8.289 0.019" 0.734

(30-70%) — Contralateral side

Note: All data are presented as the mean (SE); MPWO =myoelectric-powered wearable orthosis; TOT =traditional occupational therapy; AROM =active range of
motion; Grip=handgrip force. Negative adjusted means reflect slight decreases from baseline. The “trained side” refers to the arm that received MPWO training,

and “contralateral side” refers to the opposite arm

non-MPWO trained side in the same groups also dem-
onstrated indirect small improvements. There were 7%,
6.5%, 7.5%, and 12% improvements in handgrip maxi-
mum AROM, handgrip maximum forces, average acti-
vation of handgrip AROM (between 30% and 70%), and
average activation of handgrip forces (between 30% and
70%), respectively (Fig. 5).

On average, both MPWO groups demonstrated
improvements in handgrip AROM and strength after
training, whereas the TOT group showed little or no
change. In the Home + Clinic MPWO subgroup, in par-
ticular, large gains were observed (see Table 2).

Participants in the TOT group demonstrated a small
increase in AROM, while maximum grip strength
decreased post-TOT training compared with baseline.
This pattern may reflect the clinical phenomenon of
tenodesis grasp, in which individuals rely on passive fin-
ger flexion during wrist extension to achieve grip. Treat-
ing physical therapists monitored participants during

all sessions and advised them to avoid compensatory
strategies such as tenodesis. As active finger extension
improved, reliance on tenodesis may have been reduced,
leading to decreased measured grip strength. This sug-
gests that the apparent loss of grip strength was more
likely due to reduced compensation than actual loss of
function.

On average, participants in the TOT group demon-
strated small improvements of 9% in the maximum
handgrip AROM and 5.5% in the average activation
of the handgrip AROM (between 30% and 70% of the
active hand-squeezing cycle), and no improvements in
the maximum handgrip force and average activation of
the handgrip force (between 30% and 70% of the active
hand-squeezing cycle) on the left side. On the right side,
there were small improvements of 7% in the maximum
handgrip AROM and 15% in the average activation of
the handgrip AROM (between 30% and 70% of the active
hand-squeezing cycle) and no improvements in the
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Fig. 5 Data representation of changes in handgrip ROM and forces of participants with SCI (n=10) collected during handgrip squeeze evaluation at

baseline and post 6-weeks of training.

maximum handgrip force or in the average activation of
the handgrip force (between 30% and 70% of the active
hand-squeezing cycle) (Fig. 5).

Between-Group Comparison: An ANCOVA sensitiv-
ity analysis adjusting for baseline performance revealed
significant differences between groups in the contra-
lateral (non-trained) handgrip strength. For maximum
grip force on the non-trained side, Group was significant
(F(2,6) =5.409, p=0.045, partial n*=0.643). Similarly, for
average grip force (30-70% of cycle) on the non-trained
side, there was a significant group effect (F(2,6)=8.289,
p=0.019, n*=0.734). Post-hoc pairwise comparisons indi-
cated that the Home + Clinic MPWO group achieved
greater increases in contralateral grip force than the TOT
group (p=0.021 for max grip; p =0.008 for avg. grip). The
Clinic-only MPWO group’s gains in contralateral grip
forces were intermediate and not significantly different

from TOT (p>0.5). In contrast, no statistically signifi-
cant group differences were found for outcomes on the
trained arm (e.g., trained-side max AROM: F(2,6) = 2.867,
p=0.134, n°=0.489; trained-side max grip: F(2,6) =0.627,
p=0.566). A nonsignificant trend was noted for the
trained-side average AROM, (F(2,6)=4.673, p=0.060,
n*=0.609) suggesting a potential benefit of MPWO over
TOT for that measure. Table 2 presents the adjusted
post-training means (+SE) for each group and the
ANCOVA results for all outcomes.

Effect Sizes: Despite the small sample, the MPWO
training produced notable effect sizes. Participants in the
combined MPWO group (n=7) had moderate within-
group improvements on the trained side for maximum
handgrip AROM and average AROM (Cohen’s d~0.30
for each). The non-trained side showed only small effects
(d<0.2 for all measures) in the MPWO group. In the
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TOT group, all effect sizes were small (d<0.2) across
outcomes. These findings align with the above statistical
results, in that the most substantial gains were observed
in the MPWO-trained arm, with the Home + Clinic sub-
group achieving the largest improvements, while the con-
trol group’s changes were negligible (Table 2). The effect
size findings, together with the ANCOVA results, suggest
that while both MPWO groups benefited from training,
the added home practice in the Home + Clinic group may
have yielded somewhat greater gains, while the control
intervention led to minimal improvements.

Discussion

To our knowledge, this pilot RCT is the first to examine
two modes of MPWO use (clinic-only vs. clinic+home)
for UE rehabilitation in chronic SCI, compared against
standard TOT. After 6 weeks of training, MPWO-
assisted therapy was associated with greater improve-
ments in handgrip AROM and strength than TOT in our
small sample. In particular, the Home + Clinic MPWO
group tended to achieve the largest gains, implying that
supplementing supervised sessions with at-home MPWO
use may further enhance outcomes.

The substantial improvements observed in the MPWO-
trained hand (e.g. large increases in active handgrip ROM
and force) likely reflect improved motor control driven by
volitional effort combined with repetitive orthotic assis-
tance. Voluntary intention has a known positive influence
on motor recovery [22, 23], and the MPWO encour-
ages active participation by amplifying the user’s own
muscle signals. Interestingly, the contralateral hand in
the MPWO groups also showed improvements, despite
not being directly trained with the device. This may be
explained by the well-known cross-education effect,
whereby training one limb can induce functional gains
in the opposite limb via neural interhemispheric trans-
fer [24]. Additionally, the cross-training effect observed
in the MPWO group may be partially due to increased
active engagement of both UEs during functional activi-
ties in daily living during the training period, eventually
resulting in a possible motor performance improvement
on the non-MPWO-trained side. We interpret this find-
ing cautiously and as a potential mechanism rather than a
definitive conclusion.Future disseminations will incorpo-
rate neurophysiological assessments using surface EMG
and electroencephalography (EEG) to better characterize
the neural mechanisms and interlimb coupling underly-
ing contralateral effects observed with MPWO training.
These tools will allow us to quantify cortical activation
patterns and muscle synergy dynamics during bilateral
motor tasks, providing mechanistic insight into the neu-
ral pathways contributing to cross-education effects.

It is important to consider whether the observed
improvements in the clinic-only and Home+Clinic
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MPWO groups were primarily attributable to the device
itself or to the increased total volume of practice. While it
is difficult to completely separate these effects, both fac-
tors likely contributed. The MPWO facilitates intention-
driven, volitional movement by amplifying the user’s own
residual EMG activity, thereby enhancing active engage-
ment and muscle recruitment. At the same time, the
additional home sessions increased the total number of
repetitions and practice opportunities, supporting motor
learning and neuroplastic adaptation. Future studies will
aim to more precisely match overall training volume
across groups and employ device-based activity tracking
to better isolate the specific contribution of the MPWO
assistance from total practice dose.

Although this pilot study focused on motor outcomes
(AROM and grip strength), it is important to consider
the broader implications for independence in ADL and
QOL. Improvements in active handgrip ROM and force
may support functional activities such as feeding, groom-
ing, and manipulating objects. However, as no validated
ADL or QOL measures were reported, we cannot directly
confirm that these motor gains translated into func-
tional or psychosocial improvements. This represents an
important gap to be addressed in future investigations.

The small improvements of the TOT group on both
trained sides of the UE are limited compared with the
results reported in the MPWO group, and others have
also noted modest motor gains with adjunctive robotic
UE therapy in SCI [20]. Importantly to note that since the
treating PTs actively guided participants to avoid teno-
desis, the observed decrease in grip strength alongside
limited improved AROM should be interpreted as a shift
away from compensatory strategies rather than a loss of
functional ability. This nuance highlights the importance
of considering the quality of motor strategies, not only
raw force, in SCI rehabilitation outcomes. Notably, our
findings are consistent with other preliminary studies
that have reported improved upper limb function after
robot-assisted or assist-as-needed training in SCI popu-
lations [25-27]. However, like our study, these reports
were limited by small sample sizes and heterogeneous
methodologies, emphasizing the need for larger con-
trolled trials to confirm efficacy [8, 10]. Overall, findings
from this pilot study may provide preliminary evidence
supporting MPWO as a possible training orthotic tool in
persons with chronic SCI. These findings are particularly
exciting considering that MPWO might represent an
innovative approach for rehabilitating the highly preva-
lent and strenuous consequences of UE impairment in
SCI patients, which may even be superior to the current
TOT.
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Limitations

The study’s sample size was very small (n=10), so it was
likely underpowered to detect all but large effects. We
have therefore characterized this work as a pilot study.
The limited sample and group imbalances (final groups
of 3, 3 and 4 participants) constrain the generalizability
of the results. We have acknowledged these issues in the
manuscript and emphasized that the findings are pre-
liminary. We also note that our outcome assessors were
not blinded to group assignment, which could intro-
duce bias, although participants were not explicitly told
which treatment was the “experimental” group. Further-
more, our study assessed outcomes only immediately
post-training; we did not evaluate long-term retention of
gains. Finally, while we hypothesize that increased volun-
tary activation contributed to the improvements, EMG
or motor unit data to directly confirm changes in neural
drive is not included in this pilot study (this is an area
for future research). Another limitation is the absence
of standardized ADL and QOL outcome measures.
While pilot data suggest motor improvements that could
be functionally meaningful, without direct ADL/QOL
assessments we cannot determine the real-world impact
of the intervention.

A larger trial, which includes more participants, a stan-
dard of care control, and validated instruments such as
the Graded Redefined Assessment of Strength, Sensibil-
ity and Prehension (GRASSP) is currently underway and
is essential for validating the preliminary findings of this
research.

Conclusions

Myoelectric-powered orthoses show promise as assis-
tive training devices for improving hand function in
individuals with chronic cervical SCI. In this pilot trial,
6 weeks of MPWO-based training led to greater gains in
grip strength and AROM than traditional therapy alone,
especially when participants were able to use the device
at home in addition to clinic sessions. These results sup-
port the feasibility and potential benefits of incorporating
wearable myoelectric orthoses into neurorehabilitation.
However, given the small sample, these findings should
be considered preliminary. An ongoing larger trial will
further investigate the efficacy of MPWOs and help
determine whether the trends observed here translate
into significant functional improvements on a broader
scale. If confirmed, home-enabled MPWO programs
could represent a valuable advancement in promoting UE
recovery and independence in the SCI population.
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