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Background/Purpose: The Upper Extremity Fugl-Meyer Assess-
ment (UEFMA, maximum 66) is widely used in clinics and research
studies to examine poststroke upper extremity (UE) impairment. This
study aimed to develop and provide pilot data to support the validity
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of a remote version of the UEFMA to examine UE impairment after
stroke through telerehabilitation.

Methods: Team members developed a remote version of the
UEFMA for telerchabilitation ({(UEFMA, maximum 44) using sub-
scales II to IV and VII of the UEFMA. Twenty-two participants with
moderate to severe arm impairment (UEFMA, median = 19) and
chronic stroke (>1 year post) were evaluated using the UEFMA
(face-to-face) and the tUEFMA (remotely). A prediction equation
was used to identify the function to predict the UEFMA based on the
tUEFMA. Intraclass correlation (ICC) was used to test the absolute
agreement between the subscales included in the UEFMA and the
tUEFMA, and between their 2 normalized total scores.

Results: A strong and significant agreement was found between the
total scores of the UEFMA and the projected value based on the
tUEFMA (ICC = 0.79, P < 0.05). The ICC test also reported a good
agreement in subscales II to IV and a poor agreement in subscale VII
between the UEFMA and the tUEFMA using a real-time video link.
Discussion and Conclusions: The study findings suggest that the
tUEFMA is a promising tool to remotely examine UE impairment
in individuals with chronic stroke and moderate to severe arm
impairment. Future research should evaluate additional psychome-
tric properties and clinical utility of the tUEFMA across stroke
participants with a broad range of arm impairments.

Video Abstract available for more insights from the authors (see the
Video, Supplemental Digital Content 1, available at: http://links.lww.
com/JNPT/A441).
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INTRODUCTION
Annually, more than 795000 people in the United States
experience a stroke.! After stroke, many individuals con-
tend with motor impairments that limit the ability to use their
arms, and negatively impact quality of life.>>* Up to 57% of
individuals with stroke have limited access to rehabilitation
services after hospital discharge.*® Access to services, ade-
quate transportation,’ timely initiation of therapy, intensity,
and appropriate frequency of treatment are critical elements
for arm functional recovery and prevention of functional
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decline,® especially for those with moderate to severe im-
pairment. Telerehabilitation offers a potential solution that
may increase access and continuity of rehabilitation services,
particularly in rural and underserved areas’; for those with
limited access to health care facilities and transportation’;
and/or in situations where face-to-face care poses risks. '’

While home-based interventions for arm recovery have
been studied for years, outcome measures for use in tel-
erehabilitation are not currently well-developed or studied.
A limited number of studies have examined telerehabilita-
tion/remote diagnosis of acute stroke severity and reported
comparable results to face-to-face examinations.!!"1> Several
outcome measures have been modified to facilitate remote
assessment.!% 1114 However, few studies have evaluated re-
mote arm examination post-stroke.'>"!> Several remote exam-
ination studies utilized technology and robotic systems, which
assess the arm through gaming,?%-?! wide-angle webcams, and
desktop robot devices,'® sensors and mobile applications,??
and various technological platforms.?* Specifically, one study
examined the reliability of the Upper Extremity Fugl-Meyer
Assessment (UEFMA) by comparing direct observation ver-
sus recorded video observation and suggested the video
approach can reliably assess arm impairment.?* A limitation
of this approach is that the video-recording was done in the
clinic rather than remotely. Similarly, a UEFMA assessment
based on wearable sensor data!” has shown promising results
and could provide a quantitative approach for remote as-
sessment. Barriers to implementing wearable sensors include
access to technology, technology readiness, consumer tech-
nology literacy, and cost.?> These barriers may be particularly
seen in rural or underserved areas.'®-26

Several recent reviews found comparable outcomes
between face-to-face and remote interventions post-stroke,
including improvements in upper extremity impairment and
function.”?7-?® Although rarely explicitly described in tel-
erchabilitation studies, generally, participants appear to have
undergone assessments face-to-face, rather than remotely via
telehealth. All aspects of the episode of care should be avail-
able remotely to fully realize the benefits of telerehabilitation.
Brito and colleagues? reviewed measurement tools used in
the telerehabilitation of individuals with neurologic condi-
tions, including 20 tools for stroke. While 8 tools were
recommended, none targeted arm function post-stroke. Impor-
tantly, no tool reviewed was found to have published data on
relevant psychometric properties and clinical utility.?

In this preliminary validity study, we targeted the exam-
ination of upper extremity impairment in those with moderate
to severe stroke. The Upper Extremity Subscale of the Fugl-
Meyer Assessment (UEFMA)?*-32 is an outcome measure
widely used in a face-to-face format in clinical and research
settings to evaluate the presence and severity of arm impair-
ment and motor recovery post-stroke.?-33 This instrument has
been reported to be associated with corticospinal track in-
tegrity and prognosis for arm recovery.’*3% The UEFMA has
published validity®® and interrater and intrarater reliability
data®® in stroke, making it a highly recommended instrument
in clinical practice’’ in acute’® and chronic stages follow-
ing stroke.3-3° Additionally, it is part of the recommended
core outcome dataset for stroke recovery trials by the Stroke

Recovery and Rehabilitation Roundtables.*’ The test items
of the UEFMA are scored on a 3-point ordinal scale (0-2)
used to rate voluntary arm and hand movement.?'-3? This in-
strument requires minimal equipment (household items), and
a standardized training program is available to ensure reli-
able administration for clinicians and researchers.* Due to its
feasibility, psychometric rigor, professional association rec-
ommendations, and frequency of use in stroke research,*?-%3
we selected the UEFMA for remote use consideration. The
purpose of this pilot study was to examine the preliminary va-
lidity of the Telerchabilitation Upper Extremity Fugl-Meyer
Assessment ((UEFMA) when administered remotely, in a real-
time/synchronous video format for individuals with chronic
stroke and moderate to severe arm impairment.

METHODS

Outcome Measure Development

The UEFMA (original instrument) was used to assess
arm impairment during face-to-face assessments. Three team
members with more than 16 years of research experience
with individuals with stroke developed the telerehabilitation
version of the UEFMA (tUEFMA) by selecting items from
the original instrument that were feasible for remote admin-
istration and met the following requirements: (1) could be
performed independently by the person with stroke (position-
ing assistance or support could be provided with contralateral
arm), (2) could be done safely, (3) required minimal position
changes, (4) allowed the rater to visualize the entire arm, and
(5) captured motion reliably in real time.

Based on this criterion, subscales I and V [Reflexes]
of the UEFMA were removed because the assessment of re-
flexes requires the physical presence of a trained evaluator
and thus cannot be completed remotely without assistance.
Previous studies on dimensionality and construct validity of
the UEFMA reported that eliminating the reflex items did not
significantly alter scores for the impairment level or affect
the instrument’s motor construct.*> Subscale VI [Wrist] was
removed since 2 items potentially required manual stabiliza-
tion from the examiner. Subscale VIII [Coordination/Speed]
was removed because it involves timed items that have been
shown to be problematic when examined via a video link.'”
In the tUEFMA, we further implemented modifications in
the procedure for subscales III [Active Movement Mixing
Synergies] and VII [Hand] since study participants had to
use their less affected arm to support or stabilize their af-
fected arm in the test position. Although the scoring was
modified, efforts were made to preserve the testing and scor-
ing criteria as much as possible with the original instrument.
Table 1 provides the details on the subscales and items in-
cluded, excluded, and modified in the tUEFMA. The total
score for the tUEFMA (44) was compared with the UEFMA
(66). The research team developed a script to optimize re-
liability (see Supplemental Digital Content 2, available at:
http://links.lww.com/JNPT/A446).

Participants
For this study, we enrolled 22 participants (5 fe-
male, 16 male), mean age of 62.05 years (SD 9.51), and
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Table 1. tUEFMA: Subscore/Item Selection and Testing and Scoring Modification®

Maximum
Subscore/Item Score Included Comments

I and V: Reflexes 4 No They cannot be completed without a trained clinician. Based on previous research,
eliminating the reflex items does not significantly alter scores for the impairment
level, or affect the construct of the instrument.3®

1I: Active Movement (Within 18 Yes No modifications made.

Synergy)
III: Active Movement (Mixing 6 Yes Modification for the item assessing pronation/supination with elbow flexion at 90°:

ynergies) 1. The participant must begin with the arm at their side with 0° of abduction, neutral

internal/external rotation, and 90° of elbow flexion. If this is not possible, support
is given just proximal to the elbow to stabilize the humerus against the torso using
the less affected arm. Shoulder rotation and elbow flexion cannot be assisted.

2. Scoring:

+ 2 = arm position does not change, and pronation/supination is equal to or greater
than the less affected arm.

« [ = if pronation/supination is possible with arm supported in the correct position
(using less affected arm).

* ( = Participant cannot achieve the testing position even with support provided
proximal to the elbow using the less affected arm OR elbow flexion/extension,
shoulder abduction, internal/external rotation occurs at the onset of
pronation/supination.

IV: Active Movement 6 Yes Modification for the item assessing pronation/supination with elbow at 0° and
shoulder between 30° and 90° of flexion.

1. Participants were instructed to support their arm just proximal to the elbow to
stabilize the humerus in the correct position if they could not attain the initial
position independently (the arm outstretched with the elbow fully extended to 0°).

VI: Wrist 10 No Eliminated. Stabilization may be needed in more than one arm segment.
VII: Hand 14 Yes Modification made for grasps A, B, C, D, E.

—_

. Support proximal to the elbow could not be provided using the less affected arm.
2. Participants were instructed to place the object using the less affected arm.
3. Scoring:

* Score 0: Participants cannot achieve testing position independently.
* Score 1: Participants able to attain standard position for all grasp testing
independently, but,
o Grasp A is weak.
o Grasps B, C, D, E: the object cannot be kept in place against resistance.
* Score 2: Testing position attained independently and
o Grasp A: grasp can take relative resistance,
o Grasps B, C, D, E: object placed in the affected arm is held well against a tug.

VIII: Coordination/Speed 6 No Internet speed could interfere with video quality and appropriate scoring of task.

Abbreviations: tUEFMA, Telehealth Upper Extremity Fugl-Meyer Assessment (maximum score 44); UEFMA, Upper Extremity Fugl-Meyer Assessment (maximum score 66).
2Testing position: Participants in tall sitting position, using a chair without arms. Movement is compared between the affected and less/nonaffected arms.

mean time from stroke onset to first assessment of 11.90 severe arm impairment (UEFMA scores <40/66); (5) ability
years (SD 8.94; range 2.88-36.29 years). The demograph- to follow a 3-step command; (6) availability to come to the
ics of participants are shown in Table 2. The Northwestern  laboratory for a face-to-face session; (7) access to and ability
University Institutional Review Board approved this study. to use technology (real-time video, through phones, tablets,
All procedures performed in the study were in accor- or computers); (8) ability to provide informed consent; (9)
dance with the ethical standards of the institutional and  absence of motor impairment in the nonparetic arm; (10) ab-
the national research ethics committee, and with the 1964 sence of any inflammatory condition or pain in the arm or

Helsinki declaration and its later amendments or compara- spine limiting motor testing. Exclusion: (1) moderate-severe
ble ethical standards. All participants gave informed written  hearing or vision impairment or aphasia; (2) moderate-severe
consent. cognitive impairment (Montreal Cognitive Assessment, score

Over a period of 2 years, participants were recruited < 23*); (3) any amputation in the paretic arm; (4) diagnosis
from the clinical research registry hosted by Shirley Ryan  of neurologic disorder other than stroke (Parkinson disease,
Ability lab and the Department of Physical Therapy and Hu-  multiple sclerosis, amyotrophic lateral sclerosis, traumatic
man Movement Sciences at Northwestern University, using  brain injury, and peripheral neuropathies); (5) use of chemod-
the following inclusion/exclusion criteria. Inclusion: (1) more enervation agents—botulinum toxin, Myobloc, Dysport (<3
than 12 months post-stroke onset; (2) 18 to 80 years old; (3) months) or phenol/alcohol injections (<12 months) in the
unilateral arm motor impairment post-stroke; (4) moderate to ~ paretic arm.

210 © 2023 The Authors. Published by Wolters Kluwer Health, Inc. on behalf of Academy of Neurologic Physical Therapy, APTA
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Table 2. Demographics

Total
Characteristics n=22
Age, mean (SD), y 61.50 (9.27)

Years since onset: mean (median, SD) 11.81(10.02, 8.91)

Sex

Female 5

Male 17
Ethnicity

Hispanic 2

Non-Hispanic 19

Unknown or not reported 1
Race

African American/Black 8

Asian 3

White 11
Side of hemiparesis

Right 9

Left 13
UEFMA, range (median; IQR) 6-38 (19; 12-23.75)
Concordance?®

Concordant 9

Discordant 13

Abbreviations: IQR, interquartile range; UEFMA, Upper Extremity Fugl-Meyer
Assessment (maximum score 66).

2Concordant: The paretic limb is the dominant limb. Discordant: The paretic limb is
the nondominant limb.

Assessment, Scoring, and Examiners

Each participant was evaluated twice, once face-to-face
with the UEFMA (maximum score 66) and once remotely
with the tUEFMA (maximum score 44). The interval range
between test evaluations was 1 to 46 weeks (median: 4
weeks); however, the between-test interval for 74% of partic-
ipants was 1 to 8 weeks. Three examiners (Al, A2, and A3),
all board-certified clinical specialists in neurologic physical
therapy with more than 5 years of stroke research experi-
ence, conducted the examinations. All underwent training
and standardization in the use of the outcome measures. Al
administered all the tUEFMA assessments on a video com-
mercial platform (Zoom, WhatsApp, or Facetime) in real time
(synchronous). Participants used their own available devices,
including desktop computers, laptops, tablets, smartphones,
and webcams.

At the beginning of the remote session, privacy and
safety concerns (position, fall risks) were discussed. Addition-
ally, camera position to best capture the triplanar motions of
arms was addressed. For some participants, the equipment was
adjusted during the session to better visualize their arms. Dur-
ing the face-to-face session the UEFMA was administered by
1 of the 3 examiners.

Data and Statistical Analysis

A Bland-Altman analysis was performed using SPSS
Statistics (SPSS Inc, Chicago, Illinois) to assess the mag-
nitude and direction of bias between the tUEFMA and the
UEFMA. To facilitate the transition between the 2 measures
and the clinical usage of the tUEFMA score, we projected the
tUEFMA obtained in the remote session to the full score of
the UEFMA by a linear function that best fits the 2 measures.

To evaluate the validity of the tUEFMA, we normalized
the raw scores to their total scores (total scores: UEFMA =
66 vs tUEFMA = 44). We then used the intraclass correlation
(ICC) test in R (The R Foundation for Statistical Computing,
http://www.R-project.org) to test the absolute agreement be-
tween the subscales that were included in both the UEFMA
and the tUEFMA (subscales II-IV and VII), and between the
2 normalized total scores from these 2 outcome measures. We
used a 2-way random, single-measured, agreement model in
R for all the ICC tests. ICC values less than 0.50 indicate a
poor agreement; between 0.5 and 0.75, 0.75 and 0.9 indicate a
moderate and good agreement, respectively, and greater than
0.9 indicates an excellent agreement.

RESULTS

In total, 44 test administrations were collected (2 per
participant). There were no missing data sets. A Bland-
Altman plot comparing the tUEFMA to the UEFMA reported
one observation falling outside the limits of agreement (see
Figure 1). The mean difference between the UEFMA and the
tUEFMA was 7.18 (confidence interval = 4.85-9.50), with
limits of agreement estimated to be 7.18 + (1.96 x 5.2).
Considering the difference in the maximum values of the
tUEFMA (maximum = 44) and the UEFMA (maximum =
66), the mean difference at 7.8 was expected. Points fell both
above and below the mean difference, indicating no consistent
bias.

ICC test results are summarized in Table 3. As shown
in this table, there was a significant (P < 0.05) and moderate
to good agreement between subscales used in the tUEFMA
and the UEFMA, except for subscale VII [Hand], which had
a poor agreement between the 2 measures. The ICC test also
showed a good agreement between the total of the subscales
on both tests, and between the 2 normalized instruments. The
tUEFMA predicted the UEFMA with a significant and good
agreement.

The relative errors between the tUEFMA and UEFMA
scores—(¢ value — real value)/real value—for each subscale
IT to IV (Active Movement Within Synergy, Active Move-
ment Mixing Synergies, Active Movement With Little or No
Synergy) and VII (Hand) are plotted in Figure 2. The scores
obtained on tUEFMA subscales II (Active Movement Within
Synergy), IV (Movement With Little or No Synergy), and
VII (Hand) were, in general, smaller than those obtained on
the UEFMA. The scores on subscale III (Active Movement
Mixing Synergies) were relatively larger. Relatively smaller
relative errors were found on subscale IV (Movement With
Little or No Synergy). The ICC for this subscale was not high,
likely due to the large number of participants (15 out of 22)
that scored zero on this subscale (ie, the floor effect). The over-
all relative error from all subscales included in both tools was
slightly negative, suggesting that scores from the tUEFMA
subscales were smaller than those on the UEFMA subscales.
The projection from the tUEFMA to the pUEFMA did not
make the relative error larger (P < 0.05).

To facilitate the transition between the 2 measures, we
projected the tUEFMA score obtained in the remote session
to the full score of the UEFMA by a linear function that best

© 2023 The Authors. Published by Wolters Kluwer Health, Inc. on behalf of Academy of Neurologic Physical Therapy, APTA 211
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Bland-Altman Plot of the Total Scores on the UEFMA and the tUEFMA
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Figure 1. Bland-Altman plot compares the scores from 2 clinical outcome measures (ie, tUEFMA and UEFMA). The middle
horizontal solid black line shows the bias (the mean of the difference between the total scores of the UEFMA and the tUEFMA),
and the 2 dashed red lines are the lower limits (mean — 1.96 x SD) and the upper limits (mean + 1.96 x SD), respectively.
tUEFMA, Telerehabilitation Upper Extremity Fugl-Meyer Assessment; UEFMA, Upper Extremity Fugl-Meyer Assessment. This
figure is available in color online (www.jnpt.org).

Table 3. ICC Test Results?

Normalized
tUEFMA vs
Subtotal of Normalized PUEFMA vs

UEFMA Subscales 11, III, UEFMA UEFMA
Subscales I 111 v VI 1V, and VII (Total Scores) (Total Scores)
ICC (2) 0.648 0.819 0.664 0.371 0.849 0.798 0.796
F 5.25 9.9 4.86 2.16 13.8 8.77 8.46
Confidence 0.317/0.837 0.616/0.92 0.347/0.845 —0.052/0.68 0.656/0.936 0.577/0.91 0.568/0.91

interval (L/U)

Abbreviations: ICC, intraclass correlation; L/U, lower/upper limit; pUEFMA, Projected Upper Extremity Fugl-Meyer Assessment (predicted value); tUEFMA, Telerehabilitation
Upper Extremity Fugl-Meyer Assessment; UEFMA, Upper Extremity Fugl-Meyer Assessment.

2JCC test results using a single score, 2-way model, and agreement type. There was a significant (P < 0.05) and moderate to good agreement between subscales that were used in
both the tUEFMA and the UEFMA even with modifications, except for subscale VII (hand function) with a poor agreement.

Relative Errors Between the tUEFMA and the UEFMA Scores
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Figure 2. Errors between the tUEFMA and UEFMA scores in each of the subscales from Il to IV and VII. Scores obtained in
tUEFMA subscales I, IV, and VIl were in general smaller than those obtained from the UEFMA, while the ones from subscale IlI
were relatively larger. pUEFMA, Projected Upper Extremity Fugl-Meyer Assessment (predicted value); tUEFMA, Telerehabilitation
Upper Extremity Fugl-Meyer Assessment; UEFMA, Upper Extremity Fugl-Meyer Assessment. This figure is available in color online
(www.jnpt.org).
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Error = (PUEFMA - UEFMA) vs UEFMA
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Figure 3.

Linear regression showing the Error = (pUEFMA — UEFMA) Versus UEFMA. Positive errors mean the projected

UEFMA is greater than expected and negative errors mean the projected UEFMA is lower than expected. pUEFMA, Projected
Upper Extremity Fugl-Meyer Assessment (predicted value); UEFMA, Upper Extremity Fugl-Meyer Assessment. This figure is

available in color online (www.jnpt.org).

fitted both measures. This resulted in the projected UEFMA
(pUEFMA), that is, pPUEFMA = 1.41x (tUEFMA) + 2.

To understand whether a participant’s level of im-
pairment impacts the score of the tUEFMA, we further
examined the relationship between the measurement error
(ie, pUEFMA — UEFMA) and the UEFMA. The regres-
sion data between the error (pUEFMA — UEFMA) and the
UEFMA (Figure 3) showed a significant (P < .005) weak
negative relationship between the impairment level and the
error, suggesting that the tUEFMA performed better for the
more severely impaired participants (UEFMA 10-20, mean
absolute error = 2.75), and worse for individuals with more
moderate impairment (UEFMA 21-40, mean absolute error =
4.9). Positive errors mean the pUEFMA is greater than ex-
pected and negative errors mean the pUEFMA is lower than
expected.

DISCUSSION

This study examined the preliminary validity of
the tUEFMA when administered remotely, in a real-
time/synchronous video format for individuals with chronic
stroke and moderate to severe arm impairment. We found a
strong and significant agreement between the total scores of
the UEFMA and the projected value based on the tUEFMA.
The ICC test also reported a good agreement in subscales 11
to IV [Active Movement Within Synergy, Active Movement
Mixing Synergies, and Active Movement With Little or No
Synergy] and a poor agreement in subscale VII [Hand] be-
tween the UEFMA and the tUEFMA administered using a
real-time video link.

The authors of a 2022 review discussed the paucity of
information on remote examination in neurologic populations
and recommended future studies consider both the clinical
utility and psychometrics of developing tools** We conducted
a pilot evaluation of the validity of a modified version of

© 2023 The Authors. Published by Wolters Kluwer Health, Inc. on behalf of Academy of Neurologic Physical Therapy, APTA

the UEFMA. Despite the time recommended for examiner
training,® the tUEFMA is a cost-effective tool that does not
require advanced technology, or additional software/hardware
beyond that needed for a telerehabilitation encounter.3?43
Although devices and technology may enhance measure-
ment precision, these may be limited in poorly resourced
settings.*®4” The approach used in this pilot study requires
basic technology (internet, camera, and phone/computer) that
is currently accessible to 90% of the US population.*8->

This study supports the validity of the tUEFMA. Bland-
Altman plots showed only one observation falling outside of
the limits of agreement, with the points falling both above
and below the mean difference, indicating no strong bias in
one direction. In comparable subscales from the tUEFMA
and the UEFMA, there were significant and good agreements
in subscales II (Active Movement Within Synergy), III (Ac-
tive Movement Mixing Synergies), and [V (Active Movement
With Little to No Synergy) but poor agreements in sub-
scale VII (Hand). The linear function, pUEFMA = 1.41 x
(tUEFMA) + 2, may be used to provide an estimate of the
poststroke arm impairment based on the tUEFMA when face-
to-face examination is unattainable, with a significant and
good agreement for individuals with chronic stroke and mod-
erate to severe impairment. The prediction equation developed
in this study will be examined in a future study, with a larger
and independent sample.

We found a poor agreement between the tUEFMA and
the UEFMA in subscale VII [Hand], which may be partially
due to modifications implemented in the tUEFMA. Dur-
ing grasp items (A-E) participants were required to perform
the test independently, without arm support. This may have
impacted participants’ ability to achieve the standard test po-
sition, to perform the task, or affected the examiner’s scoring.
These facts could have contributed to the lower agreement
scores on this subscale.
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Regression results indicate that the tUEFMA performed
better in subjects with more severe impairment (UEFMA 10-
20, mean absolute error = 2.75) and worse in subjects with
more moderate impairment (UEFMA 21-40, mean absolute
error = 4.9). To accurately evaluate the impact of arm im-
pairment on tUEFMA scores, test validity, and precision of
predictions, future work will enroll a larger sample of sub-
jects with stroke with a broader range of arm impairment and
include individuals at different time points post-stroke.

Methodological Quality Assessment

The methodological quality of the present study was as-
sessed using the consensus-based standards for the selection
of health status measurement instruments (COSMIN).>!-32 We
used the COSMIN content validity, and criterion validity 7
items to determine whether the results of the present study
could be trusted. Twelve COSMIN items were scored on a
4-point rating scale (very good = 3, adequate = 2, doubtful
= 1, or inadequate = 0, and N/A = not applicable). Three
content validity items were rated excellent, and 2 adequate.
Four criterion validity items were rated excellent, 2 adequate,
and 1 not applicable. Therefore, the COSMIN rating was ap-
propriate, and we believe the methodological quality of the
pilot study can be considered adequate. A detailed COSMIN
Checklist with scoring and explanations is included in Supple-
mental Digital Content 2 (available at: http://links.lww.com/
INPT/A446).

STUDY LIMITATIONS

The sample size in this preliminary study (n = 22) was
small. While the COVID-19 pandemic, in part, prompted the
study development, conducting the study during the pandemic
impacted recruitment and contributed to the long time be-
tween remote and face-to-face testing sessions (1-46 weeks).
However, the median interval between tests (4 weeks) is more
closely aligned to typical clinical practice. For 73% of partic-
ipants, the interval between tests was 1 to 8 weeks. This time
frame may be somewhat offset by the chronicity of partici-
pants (mean = 11.81 years, SD 8.9). This level of chronicity
suggests that our participants may have had a more stable
level of motor impairment. Currently, we are planning to fur-
ther explore the psychometrics of the tUEFMA with a larger
sample size and a standardized, smaller between-test interval.
Although recent reports suggest a trend of stroke incidence
in younger adults,>3* the mean age of our participants was
62.05 years (SD 9.51), which is younger than what has been
reported in other studies.

Factors such as participants’ digital literacy, caregiver
support, internet speed, and access to technology’ may
influence the success of a remote assessment during a tel-
erehabilitation clinical encounter. We attempted to minimize
these barriers by addressing camera set-up, platform use, and
safety during the phone screening. We also discussed avail-
able Wi-Fi, networks, and free internet hotspots.’® Despite
this, some participants experienced difficulty setting up cam-
eras or accessing sufficiently strong Wi-Fi signals, which
may have influenced video quality. For some participants,
equipment was adjusted during the remote session to better
visualize their arms. Arm visibility was challenging, mainly

when participants had limited mobility. Future changes in
commercial devices for teleconferences will likely impact
the development, utility, and reliability of telerehabilitation
examination.

The current development of the tUEFMA empha-
sized cost-efficiency and feasibility of implementation, and
thus excluded some subscales from the UEFMA. Future re-
search should evaluate the full range of psychometrics of the
tUEFMA. We plan a larger scale study, which would exam-
ine the question of whether the addition of subscale VIII
[Coordination/Speed] and 3 items from subscale VI [Wrist]:
wrist flexion/extension with elbow at 90°, wrist flex-
ion/extension with elbow at 0,° and wrist circumduction will
improve the overall agreement with the UEFMA.

One examiner (A1) performed all remote examinations,
and 3 examiners (Al, A2, and A3) performed face-to-face
tests. The fact that A1 conducted both face-to-face and remote
examination may have introduced bias. The remote testing
was always performed before the face-to-face session. This
may also have biased the validity test results.

Despite our promising results, given the size of our sam-
ple and the inclusion of only moderate to severely impaired
participants, we cannot yet generalize the findings across im-
pairment levels. However, future research should still evaluate
additional psychometric properties and clinical utility of the
tUEFMA, in larger samples that include research participants
with a broader range of clinical impairments and chronicity.

CONCLUSIONS

The findings of this preliminary validity study suggest
that the tUEFMA is a promising outcome measure to remotely
examine upper extremity motor function in individuals with
chronic stroke and moderate to severe arm impairment.

CLINICAL RELEVANCE

Developing and validating clinical outcome measures
for telerehabilitation is important to ensure continuity of care
across settings, increase access to care, and extend research
participation when face-to-face engagements are challenging
or are not possible. Implementing clinical assessments for
telerchabilitation may also improve the quality of care, help
track impairment progress or decline, and positively impact
health outcomes in individuals with stroke. Future studies
should evaluate the cost-effectiveness and clinical utility of
the tUEFMA in routine clinical practice. Examining barri-
ers, facilitators and satisfaction, and user’s training needs
will drive further development, application, and delivery of
telerehabilitation to individuals with stroke.
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Erratum
Essential Competencies in Entry-Level Neurologic Physical Therapist Education: Erratum

In the article! mentioned above, Dorian K. Rose’s affiliation was incomplete. The correct affiliation is listed below.
This has also been corrected in the online version of the article.
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