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Abstract Objective: To describe the adaptations made and to examine interrater reliability and
feasibility of administering a telehealth version of the Multiple Sclerosis Functional Composite
(tele-MSFC).
Design: The Multiple Sclerosis Functional Composite (MSFC) is a commonly used, in-person clini-
cal outcome assessment. It is composed of the timed 25-Foot Walk Test (T25FWT), Nine-Hole Peg
Test (NHPT), and Paced Auditory Serial Addition Test (PASAT). The MSFC was adapted for video-
conference administration as part of a larger clinical trial. One of the adaptations included
administering a timed 12.5-Foot Walk Test (T12.5FWT) for participants who did not have ade-
quate space in their homes for the T25FWT. Participants, examiners, and raters completed sur-
veys online about their satisfaction and experience with tele-MSFC.
Setting: Participants underwent the tele-MSFC in their homes using a laptop or smartphone while
examiners scored the tele-MSFC in real-time at a remote location.
Participants: Community-dwelling adults (n=61) with mild-to-moderate multiple sclerosis (MS)
symptoms.
Interventions: Not applicable.
Main Outcome Measure: Tele-MSFC.
Results: Intraclass correlation coefficients (ICC) assessed interrater reliability between the
examiner and 2 independent raters who later scored a recording of the tele-MSFC. Interrater
reliability was excellent (ICC>0.90) for all tests, including the T12.5FWT. Participants were
highly satisfied with tele-MSFC. However, challenges included adequate space for T25FWT, tech-
nical difficulties, and safety and privacy considerations of individuals with moderate impair-
ments who were requested to have their caregivers present during testing.
Conclusion: The tele-MSFC is reliable and feasible to administer with adaptations for community-
dwelling adults with mild to moderate MS symptoms. Further validation of T12.5FWT is needed.
© 2024 The Authors. Published by Elsevier Inc. on behalf of American Congress of Rehabilitation
Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
KEYWORDS
Disability evaluation;
Patient outcome
assessment;
Telemedicine;
Telerehabilitation
The COVID-19 pandemic accelerated the use of telehealth
services,1 broadly defined as “the use of electronic informa-
tion and telecommunications technologies to support long-
distance clinical health care, patient and professional
health-related education, public health, and health adminis-
tration.”2 Telehealth services offer many benefits including
the reduced burden of time and travel, the ability to reach
people in rural areas, increased patient satisfaction, and the
potential to decrease health care costs.3,4 However, chal-
lenges related to regulatory issues, disparities in technology
and internet accessibility, and clinical competency need to
be addressed.3-5

An important aspect of telehealth service delivery is con-
ducting performance-based assessments of physical and men-
tal function in which the evaluator and patient are in separate
locations. Adults with chronic disabling conditions, such as
multiple sclerosis (MS), can benefit from telehealth assess-
ments to monitor disease progression, treatment responses,
and self-management efforts.6 Mobility impairments, fatigue,
pain, compromised immune function, and the cost and time
associated with traveling to specialty clinicians provide a
strong rationale for administering telehealth assessments for
adults with MS. However, adapting in-person assessments for
telehealth delivery can influence reliability and validity.4,7

The Multiple Sclerosis Functional Composite (MSFC) is a
commonly used clinical outcome measure. The MSFC was ini-
tially validated as an in-person assessment. It measures 3
clinical dimensions of MS: ambulation (ie, Timed 25-Foot
Walk Test, T25FWT), arm/hand function (ie, Nine-Hole Peg
Test, NHPT), and cognitive function (ie, Paced Auditory
Serial Addition Test, PASAT).8 Scores on these 3 assessments
can be converted to z scores, which are averaged to form a
single MSFC score. To respond to the COVID-19 pandemic,
we adapted and tested a telehealth version of the MSFC
(tele-MSFC) as part of a larger randomized controlled trial.9

The purposes of this study were (1) to examine interrater
reliability between the examiner and 2 independent raters
in scoring the tele-MSFC and (2) to explore feedback pro-
vided by the examiners, raters, and participants with MS on
the feasibility of administering the tele-MSFC.
Methods

Overview

This study was part of a noninferiority, pragmatic, random-
ized controlled trial to compare 3 modes of delivering the
Packer Managing Fatigue program.10 Pre-pandemic, the
research team administered the MSFC in-person at baseline
to examine performance-based functional status as a moder-
ator/covariate when testing the effects of the Packer Man-
aging Fatigue program on primary and secondary outcomes.
To continue administering the MSFC during the pandemic,
the research team adapted and tested the tele-MSFC among
61 participants with MS. The research team, with input from
multiple stakeholders, including occupational therapists,
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physiatrists, physical therapists, people with MS, and cyber
security experts, adapted the MSFC to be delivered using
HIPAA-compliant Zoom. Procedures, including examiner
training, safety protocols, and participant instructions,
were adapted, manualized, and refined. Procedures for the
study were approved by the Institutional Review Board at
Case Western Reserve University.
Participants

Inclusion criteria for the clinical trial were a self-reported
diagnosis of MS, being at least 18 years of age, having mod-
erate-to-severe fatigue as measured with the Fatigue Sever-
ity Scale,11 and the ability to speak and read English.
Individuals were excluded if they could not understand the
consent form or were unwilling to perform the study activi-
ties outlined in the informed consent. Individuals enrolled in
the noninferiority clinical trial at the start of the COVID-19
pandemic were invited to first participate in this feasibility
study and then complete the remaining study activities for
the noninferiority trial. An additional pre-screening ques-
tionnaire was developed and administered as described
below to determine appropriate safety precautions for par-
ticipating in the walking test. Individuals who could not walk
Table 1 Anticipated challenges and planned solutions in administ

Challenges Solutions

Safety during the measurement and
administration of the T25FWT

(1) Developing a pre-s
participation

(2) If screening indicat
participant during th

(3) Ensure adequate tr
Accuracy with the measurement of
the T25FWT.

Use a pre-measured 25
removed prior to adm

Ability of examiners to see start and
finish lines.

Use of blue tape and o

Lack of available 25-feet distance in
the participant’s home

Created and tested a 1
instructions. A third
distance marker/tim

Potential of dropping pegs on the floor
during set up or during NHPT

Provide 2 additional p

Technical difficulties or lack of
device/Wi-Fi access

Make devices and hot
difficulties or lack of

General MSFC equipment needs for
both examiner and participant

A telehealth kit for th

Positioning challenges with webcam to
allow for adequate examiner views

Positioning device will
device positions to a

Participant privacy and safety on-line Explore options and se
Additional examiner training needs
unique to telehealth delivery

Include in Examiner tr
troubleshooting tech

Unique wording/instructions needs to
administer the MSFC via
videoconferencing vs usual in-person
administration

Develop both an exam
set-up and administr

Participant being unfamiliar or
uncomfortable with Zoom
technology

Provide a brief set of i
basic Zoom usage
still had the option to participate in the noninferiority trial,
NHPT, and PASAT.

Procedures

Tele-MSFC adaptations
The MSFC was adapted in several ways to be administered in
participants’ home environments via Zoom. The adaptations
focused on (1) how examiners were trained, (2) the manuals
that were provided to examiners and participants, (3) the
development of a pre-screening safety questionnaire and
technology needs assessment, (4) the administration of a
timed 12.5-Foot Walk Test (T12.5FWT) for participants who
did not have adequate space in their home for the T25FWT,
and (5) the supplies participants would need to be mailed to
complete the tele-MSFC. These adaptations were decided
upon through an iterative process involving group discus-
sions, practice administrations, and stakeholder feedback.
The research team met several times via Zoom to identify
potential methodological challenges and develop a plan of
solutions. Clinical stakeholders then identified additional
challenges and provided feedback on proposed solutions.
Protocols and manuals were revised and provided to patient
stakeholders for feedback on understanding and feasibility.
Table 1 summarizes anticipated challenges and how they
ering tele-MSFC

creen for the T25FWT to explore potential fall risk during

ed a fall risk, requiring a helper or caregiver present with the
e administration of the T25FWT
aining of examiners to end the test if safety concerns arise
-foot ribbon, which is used for measurement and then
inistration.

range cones at start and finish lines.

2.5-foot option for delivery with administration/scoring
orange cone was included in each kit to acquire the 12.5FT
ing on all participants.
egs.

spots available to participants experiencing technical
access to technical devices
e MSFC would be shipped to participants

be provided as needed; Examiners to practice supporting
ttain adequate views
lect a safe/secure delivery platform (eg, Zoom for Healthcare)
aining, such things as supporting set-up, using Zoom,
nology challenges
iner and participant set of instructions to support consistent
ation

nstructions for participants, and short videos to instruct on
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were addressed. Upon integrating the feedback from the
stakeholders, the research team then practiced administer-
ing the tele-MSFC among themselves to identify and prob-
lem-solve any difficulties.

Tele-MSFC training and manuals
Four examiners (ie, 3 individuals with a master’s degree and
1 with a bachelor’s degree) were trained by an individual
with an occupational therapy doctorate degree to adminis-
ter the tele-MSFC. The 4-hour training consisted of review-
ing instructional materials, scoring a Zoom recording of the
tele-MSFC, and administrating the tele-MSFC with a peer
examiner and trainer. The trainer also periodically moni-
tored the examiner’s recordings to ensure consistent and
accurate administration. The examiner manual was adapted
to include new prompts and checklists to help ensure safety,
confirm proper testing set-up, and minimize distractions
during testing. The participant manual was developed to
provide written instructions and several pictures that re-
iterated safety precautions, how to set-up the walking test,
where to place the webcam, and the importance of minimiz-
ing distractions.

Pre-screening questionnaire, length of walking test, and
technology need assessment
Prior to administering the T25FWT, examiners used a safety
screening protocol to determine whether the T25FWTshould
be omitted, done in the presence of another adult, or substi-
tuted with the T12.5FWT. Table 2 shows the pre-screening
questions. If no one was available, the participant could not
walk, or felt unsafe, the T25FWT was omitted with the
option of still completing the NHPTand PASAT. If the partici-
pant met the criteria to perform the T25FWT but did not
have enough space in their home, they were given the option
to perform the T25FWT outside or perform the T12.5FWT in
their home.

Questions were asked to determine whether participants
needed to receive a smartphone with a data plan and
receive a technical support call prior to administrating the
MSFC. If they did not have Wi-Fi, a smartphone with a cellu-
lar data plan was sent to the participant and returned after
the study. We also asked the following question to determine
the amount of technical support the participant would
receive: “On a scale of 1 to 10, how confident are you that
you can independently use Zoom for a videoconference call,
with 1 being not confident at all, and 10 being very confi-
dent?” A response of 6 or less led to a recommendation that
the participant schedule a time for a technical support
phone call prior to completing the tele-MSFC. During the
technical support phone call, the research assistant (RA)
used a checklist of activities for the participant to perform,
including connecting to the internet with their device, log-
ging into Zoom, turning on the camera, positioning the cam-
era, and ensuring the audio was working. The RA was also
available during the administration of the tele-MSFC to trou-
bleshoot technology issues.

Tele-MSFC kit
Participants received a telehealth kit by mail, which
included the instruction manual, a positioning device to sup-
port webcam placement of smartphone, material for the
walking test (ie, ribbons of 25 feet and 12.5 feet in length,
blue masking tape to mark the start and finish lines, and 3
orange cones), material for the NHPT (ie, a peg board and
11 pegs), and a smartphone with a cellular data plan if
needed.

Administration of Tele-MSFC
Before the testing session, participants were asked to use
the ribbon in the kit to measure 25 or 12.5 feet and place
cones at the start, middle (if 25 feet), and end of the ribbon.
Participants were asked to position their webcam so that the
examiner could see the entire distance and the participants’
feet. For the NHPT and PASAT, participants were invited to
set up their webcam so both hands and the peg board could
be seen. Participants were asked to set up the tests in rooms
that minimized distractions and had adequate space to com-
plete the T25FWTor T12.5FWTwithout potential safety haz-
ards. Once the examiner verified the set-up requirements,
standardized instructions were provided to the participants.

Further refinements
After the first 31 participants, 2 changes were made to the
protocol: a change to the safety screening and an addition
to the tele-MSFC kit. The eligibility criteria presented in
table 2 were expanded to minimize excluding participants
from the T25WT. Questions #3, #4, and #5 were removed.
Question #6 was modified so the participant did not need
someone present if they used a mobility aide. Question #8
was modified so the participant would need someone pres-
ent during the test if they had fallen at least once during the
past 6 months. An audio device (ie, MP3 player) with a
recording of PASATwas added to the tele-MSFC kit to ensure
the PASAT recording was synchronized to the timing of par-
ticipant answers and to support a clear auditory recording
for the participant. The MP3 player was placed in a sealed
envelope and participants were instructed not to open the
envelope until the Zoom session.

Data collection

The examiner recorded the time taken to complete each of
the T12.5FWT or T25FWT, NHPT, and the number of correct
answers on the PASAT in real-time; 2 independent raters
later watched a video recording of the session to gather the
same data. Raters could replay the recordings as needed.
Raters were asked to complete a survey online to document
any challenges with scoring the test as well as any challenges
they observed during testing. After completing the tele-
MSFC, participants were asked via an online survey: (1) How
satisfied were you with using videoconferencing (Zoom) to
complete the MSFC? (1-10 rating scale); (2) How satisfied
were you with the instructions for completing the MSFC? (1-
10 rating scale); and (3) Describe the strengths and limita-
tions of completing the MSFC using Zoom (Open-ended
response). All data were collected using REDcap, which was
set up so raters could not access the scores of other raters
and examiners.

Data analysis

SPSS (version 28) was used to conduct the quantitative anal-
ysis. Intraclass correlation coefficients (ICC, 1-way random



Table 2 Initial pre-screening questions

Now, I’m going to ask you some questions so we can prepare for the Baseline Assessment.
The first questions are to assess safety for the walking test. There is a risk of falling during this assessment. You can decide not to
complete the walking test and still participate in the study.
1. Are you able to walk 25 feet with or without a mobility device? 25 feet is approximately the length of a yellow school bus.

If yes: proceed to next question
If no: skip safety questions (participant will skip walk test) and proceed to technology questions.

2. Do you have adequate space in your home where you could safely walk 25 feet in a straight line?
If yes: proceed to the next question.
If no: Would you feel comfortable doing the walk test outside on a flat surface if weather permits?
If yes or no: Do you have adequate space in your home where you could safely walk 12.5 feet in straight line? 12.5 feet is
approximately the length of 1 mid-size car.
Note: Minimum length of is 12.5 feet or willing to walk outside is required. If participant does not have at least 12.5 feet or
does not want to walk outside, discontinue safety questions.

3. Can you move throughout your home without leaning on the walls or furniture?
If yes: proceed to the next question.
If no: We would like to request that a helper is available while we administer the test. Would you have someone available during
the test?
If yes: proceed to the next question.
If no: To help ensure safety, we ask that a helper is present. We will skip this portion of the assessment since a helper is not
available to you.

4. When you walk around at home, do you need the assistance of another person?
If no: proceed to the next question.
If yes: We would like to request that a helper is available while we
administer the test. Would you have someone available during the test?
If yes: proceed to the next question.
If no: To help ensure safety, we ask that a helper is present. We will skip this portion of the assessment since a helper is not
available to you.

5. When you visit your doctor’s office, can you go by yourself?
If yes: proceed to the next question.
If no: We would like to request that a helper is available while we administer the test. Would you have someone available
during the test?
If yes: proceed to the next question.
If no: To help ensure safety, we ask that a helper is present. We will skip this portion of the assessment since a helper is not
available to you.

6. Do you use mobility aides such as a cane, walker, or wheelchair?
If no: proceed to the next question.
If yes: We would like to request that a helper is available while we administer the test. Would you have someone available
during the test?
If yes: proceed to the next question.
If no: To help ensure safety, we ask that a helper is present. We will skip this portion of the assessment since a helper is not
available to you.

7. Are you able to bend over to pick up an object from the floor without leaning on walls or furniture or without losing your
balance?

If yes, proceed to the next question.
If no, please describe the usual assistance provided. (Document the type of assistance typically provided).
If no, requires a person to have help setting up the walk test. “We would like to request that a helper is available to set up the
test. Do you have someone available who could set up the walk test on the day of the assessment?”
If no: To help ensure safety, we ask that a helper set up the walk test. We will skip this portion of the assessment since a
helper is not available to you.

8. How many times have you fallen in the past 3 months? Record response
If no falls: proceed to the next question.
If 1 or more falls: We would like to request that a helper is available while we administer the test. Would you have someone
available during the test?
If yes: proceed to the next question.
If no: To help ensure safety, we ask that a helper is present. We will skip this portion of the assessment since a helper is not
available to you.

If participant doesn’t require a helper and/or uses a mobility device: Having someone present while you complete the walking test
isn’t required, but we suggest having one just as a precaution.

Tele-MSFC 5



Table 3 Demographic characteristics (n=59)*

Participant Characteristic M SD

Age 52.34 11.42
N %

Sex
Men 11 18.60%
Women 48 81.40%

Latinx or Hispanic Origin 0 0%
Racial/ethnic group
Black or African American 7 11.90%
Non-Hispanic White 52 88.10%

Living community
Rural 12 20.30%
Suburb 37 62.70%
Urban 10 16.90%

Education
Partial high school 1 1.70%
High school graduate 2 3.40%
Some college 11 18.60%
Associate degree 6 10.20%
College/University graduate 21 35.60%
Master’s degree 15 25.40%
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effects)12 were used to examine interrater reliability
between the examiner and rater 1, the examiner and rater
2, and the 2 raters on each trial of the T12.5FWT (seconds to
complete), T25FWT (seconds to complete), NHPT (seconds
to complete), and PASAT (number correct). An ICC less than
0.5 was considered poor reliability, an ICC between 0.5 and
0.75 was considered moderate reliability, an ICC between
0.75 and 0.9 was considered good reliability, and an ICC
greater than 0.90 was considered excellent reliability.12 The
consistency of doubling the time participants completed the
T25FWT to complete the first 12.5 feet with the actual time
it took to complete the T25FWTwas examined with Cohen’s
d (calculated using the standard deviation of the differen-
ces). A Cohen’s d less than 0.2 was considered a negligible
difference.13,14 Means and standard deviations were used to
describe participants’ responses to closed-ended questions
on satisfaction. Open-ended survey responses and rater
comments were reviewed, categorized, and summarized by
a research team member (T.V.) using a thematic analysis
approach.15 Participants’ and raters’ comments were read
several times to generate thematic categories that summa-
rized perspectives on the strengths and limitations of admin-
istering the tele-MSFC.
PhD, MD, or equivalent 3 5.10%
Marital status
Married 35 59.30%
Widowed 3 5.10%
Divorced 11 18.60%
Single 10 16.90%

Employment status
Working full time (40 or more hours) 20 33.30%
Retired 15 25.40%
Unemployed - on disability insurance 13 22.00%
Part-time (20-39 hours per week) 5 8.50%
Part-time (1-19 hours per week) 3 5.10%
Unemployed - unable to find employment 2 3.40%

Annual household income
Under $29,000 10 17.00%
$30,000 - $39,999 3 5.10%
$40,000 - $54,999 12 20.30%
$55,000 - $99,999 16 27.20%
Over $100,000 14 23.80%
I do not want to respond 4 6.80%

Type of MS
Relapsing-remitting 41 69.50%
Secondary progressive 10 16.90%
Primary progressive 7 11.90%
I do not want to respond 1 1.70%

PDDS
Normal 15 25.40%
Mild disability 9 15.30%
Moderate disability 8 13.60%
Gait disability 7 11.90%
Early cane 11 18.60%
Late cane 2 3.40%
Bilateral support 6 10.20%
Wheelchair/Scooter 1 1.70%

Abbreviation: PDDS, patient determined disease steps.
* Demographic data missing for 2 participants as they did not

complete the demographic questionnaire.
Results

The research sample (n=61) was predominantly women
(81%), non-Hispanic white (88%), and had relapsing-remit-
ting MS (70%). About one-third of participants reported using
a mobility aid. A further description of the research sample
is presented in table 3. Of the 61 participants, 34 (55.7%)
completed the T25FWT, and 18 (29.5%) completed the
T12.5FWT. The remaining 9 participants could not walk, felt
uncomfortable completing the test, or could not have some-
one present during testing. All participants completed the
PASATand NHPT. No adverse events occurred.

Table 4 shows the ICC for each test of the tele-MSFC. The
ICC for T25FWT, the mid-way point of the T25FWT,
T12.5FWT, and NHPT were excellent (>.90 for all compari-
sons). When the examiner played the PASAT recording, ICC
was excellent between the 2 raters but moderate to good
between the raters and examiner. When the participant
played the PASAT recording, ICC was excellent between the
2 raters and the examiner. The mean difference between
doubling the time it took participants to complete 12.5 feet
with the actual time it took to complete the T25FWT ranged
from 0.09 to 0.33 seconds. Cohen’s d ranged from -0.07 to -
0.220 with 95% confidence interval of -0.56 to 0.28.

Participants were highly satisfied using Zoom (Mean
=9.15; Standard deviation =1.23) and the instructions (Mean
=9.43; Standard deviation =0.91) to undergo the tele-MSFC.

Tables 5 and 6 summarize the strengths and challenges
noted by participants and raters. Participants reported the
strengths as having a positive experience with the facilita-
tor, the comfort of one’s home setting, and scheduling flexi-
bility. Limitations included difficulties using technology
and/or following instructions, having an available helper for
support, and the space requirements for the T25FWT. Chal-
lenges noted by the examiners included administration or
technical difficulties, environmental barriers (eg, physical
safety hazards, such as a dog or rug), and participants having



Table 4 Mean, standard deviations, and intraclass correlation coefficients (n=61)

Rater 1 Rater 2 Examiner Rater 1 vs
Rater 2

Rater 1 vs
Examiner

Rater 2 vs
Examiner

Mean § SD Mean § SD Mean § SD ICC (95% CI) ICC (95% CI) ICC (95% CI)

T25FWT (trl#1) 9.38 (10.75) 9.59 (11.02) 9.53 (10.97) 0.999 (0.998-1.00) 0.999 (0.999-1.00) 0.999 (0.999-1.00)
25FWT (trl#2) 8.55 (10.97) 8.64 (11.04) 8.85 (11.04) 0.995 (0.990-0.998) 0.997 (0.993-0.998) 0.997 (0.995-0.999)
Mid-T25FWT (trl#1) 4.78 (5.58) 4.91 (6.03) 0.980 (0.959-0.990)
Mid-T25FWT (trl#2) 4.41 (4.89) 4.49 (4.91) 0.998 (0.997-0.999)
T12.5FWT (trl#1) 4.26 (1.33) 4.43 (1.61) 4.49 (1.65) 0.936 (0.841-0.975) 0.934 (0.836-0.975) 0.975 (0.936-0.991)
T12.5FWT (trl#2) 4.17 (1.17) 4.31 (1.50) 4.44 (1.37) 0.920 (0.804-0.969) 0.878 (0.709-0.952) 0.915 (0.791-0.967)
NHPT-D (trl#1) 27.06 (13.27) 27.31 (13.35) 27.75 (17.84) 0.995 (0.992-0.997) 0.944 (0.908-0.966) 0.942 (0.905-0.965)
NHPT-D (trl#2) 24.84 (9.65) 24.94 (9.70) 25.42 (13.91) 0.998 (0.997-0.999) 0.906 (0.849-0.942) 0.907 (0.850-0.943)
NHPT-ND (trl#1) 28.48 (11.96) 28.51 (12.02) 29.04 (15.21) 1.00 (0.999-1.00) 0.986 (0.978-0.992) 0.928 (0.881-0.956)
NHPT-ND (trl#2) 29.37 (21.17) 29.49 (21.12) 29.80 (22.44) 1.00 (1.00-1.00) 0.972 (0.954-0.983) 0.972 (0.954-0.983)
PASAT (Examiner
plays MP3)*

37.07 (16.94) 33.86 (17.33) 43.68 (15.20) 0.962 (0.921-0.982) 0.782 (0.585-0.892) 0.655 (0.383-0.823)

PASAT (Participant
plays MP3)y

45.97 (11.37) 45.03 (12.48) 46.80 (11.21) 0.978 (0.956-0.989) 0.954 (0.908-0.978) 0.897 (0.798-0.949)

Abbreviations: CI, confidence interval; Mid-T25FWT, Midway point for timed 25-Foot Walk Test (measured in seconds); NHPT-D, Nine-Hole
Peg Test for dominant hand (measured in seconds); NHPT-ND, Nine-Hole Peg Test for non-dominant hand (measured in seconds); SD, stan-
dard deviation; trl #1, trial number one; trl#2, trial number two.
* 31 participants completed.
y 30 participants completed.

Table 5 Participants’ perspective on strengths and limitations

Strengths Coding Summary Sample Strengths Quote

Positive facilitator experience You did great.
Comfort of home setting . . . I actually found it comfortable to be in my own home and take my time.
Allowed for scheduling flexibility It’s much more flexible with my schedule.

Limitations Coding Summary Sample Limitations Quote

User difficulty: Technical trouble (slow
connection; working technology)

Internet is slow so sometimes lose connection or takes a while to go from
webpage to webpage or takes longer to load webpage
The only issue I had was working my own phone

User difficulty (instructions) The instructions considering the cognitive challenges of people with MS.
Needing an available helper Just had to make sure to have someone to help with the video and timing.
Lack of room I had a lack of room to fully complete the verbal and peg tests.
Length of walk The long walk was odd but whatever....

Table 6 Rater observed testing challenges

Challenge Category Challenge Category Examples

Administration or technical difficulties Examiner or participant errors (eg, Setting up the test improperly, not achieving
needed camera angles, not using assigned AE (eg, reported AFO), stopwatch
improperly set, participant not following (or understanding) instructions) or
technical difficulties (eg, Accessing BOX, Zoom, difficulty achieving camera
angles, video glitch, using MP3 player)

Environmental factors Physical safety hazards (cats, dogs, rugs, clutter, Christmas tree in walk path),
audio distractions (barking dog, wind chimes), lack of available helper

Physical challenges Reported co-morbidity (Gout, ulnar nerve inflammation, “bad eyes”), MS factors
(mobility challenges), set-up exertion

Difficulty understanding instructions or
reported cognitive challenges

Noted difficulty observed with understanding instructions and/or comments
reflecting need to repeat instructions. Participant self-reports cognitive
challenges.

Tele-MSFC 7
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physical health challenges and/or difficulty understanding
instructions. Raters noted in their online survey that they
observed examiners providing support on using Zoom,
adjusting camera angles and volume, reiterating instruc-
tions, and reminding participants to remove pets from the
walking path. Family members or caregivers present during
the examiner were observed helping the participant access
Zoom, adjusting camera angles, and walking alongside the
participant during the T25FWT.
Discussion

To our knowledge, this is the first study to examine the feasi-
bility of adapting the MSFC to be delivered via Zoom in a par-
ticipant’s home. We found that the tele-MSFC had excellent
interrater reliability, was viewed as acceptable, convenient,
and satisfactory by participants, and could be administered
safely with precautions. The main challenges to administer-
ing the tele-MSFC were the space requirements for the
T25FWT, including people with more moderate impairments
in the T25FWT, and technical support provisions. Future
research should explore test-retest reliability and concur-
rent validity of the tele-MSFC with the in-person MSFC and
Expanded Disability Status Scale (EDSS).16 Such research
could result in a cost-efficient assessment that could be
used in telehealth services and decentralized clinical trials
to monitor disease progression and the effectiveness of
interventions.

Our results are consistent with the literature examining
the validity and reliability of telehealth assessments in peo-
ple with MS. A commonly used in-person assessment of MS-
related disability is the EDSS.16 Kane et al17 compared the
in-person EDSS to a telehealth version of the EDSS (tele-
EDSS) conducted in a clinical setting with the examiner in a
separate room from the patient. Agreement between the in-
person and tele-EDSS were strong, with correlations ranging
from 0.96 to 0.97. Bove et al18 continued validating the
tele-EDSS with participants assessed in their homes or pri-
vate offices. Participants received a kit that included assess-
ment material and a webcam if needed. A caregiver or
family member was allowed to be present during the assess-
ment. Pearson correlations between the in-person and tele-
EDSS composite scores were between 0.89 and 0.98, with
subscale correlations ranging from 0.37 to 0.79. While Kane
et al and Bove et al have shown that the tele-EDSS is feasi-
ble, there remain lingering concerns that the EDSS relies on
subjective ratings of an evaluator and does not adequately
evaluate the walking speed and cognitive function.8,19-21 As
a result, the MSFC was developed and validated.8,22,23

Adapting in-person assessments for telehealth delivery
may help promote diversity, inclusion, and accessibility in
clinical trials or clinical practice.3-5 However, policies and
procedures for videoconference delivery may hinder partici-
pation in telehealth assessments. Excluding individuals at
risk for falling, who do not have home environments condu-
cive to telehealth assessments (eg, space requirements or
distractions), or who have cognitive impairments may
reduce the risk of adverse events. However, such policies
may disproportionately exclude disabled or historically mar-
ginalized populations from participating in telehealth
assessments.24 Providing technical support and smartphones
with data plans, allowing caregivers to be present during the
test, and tailoring tests to someone’s functional ability and
the amount of space in their home may help facilitate par-
ticipation in telehealth assessments. However, these provi-
sions will require allocating additional resources and
reevaluating the assessment’s reliability and validity. One
approach to developing time-efficient, reliable, and valid
telehealth assessments tailored to individual circumstances
is using principles consistent with Item Response Theory
(IRT). For example, Kasper et al25 used IRT to select perfor-
mance-based physical assessments and self-report questions
from the National Health and Aging Trends Study to calculate
a composite score of physical capacity that was relevant and
valid across a broad range of functional levels in older
adults.

Study limitations

Although this study showed the feasibility of the tele-MSFC,
there are study limitations that should be considered. The
small sample size is a limitation of the study. Many partici-
pants could not complete the T25FWT due to inadequate
space in their homes or risk of falling and could not have a
caregiver present. As such, a protocol was developed for the
T12.5FWT to help maximize participation and minimize
missing data. However, we acknowledge the limitation of
doubling the time for the 12.5FWT to estimate the time for
the T25FWT. Doubling the time does not account for differ-
ences in gait initiation, termination, and acceleration. Addi-
tional research is warranted to validate the ideal distance to
measure ambulation when remotely administering the
MSFC. Furthermore, we acknowledge the limitations of using
the PASAT. Future research is needed to explore the integra-
tion of the Symbol Digit Modalities Test within the MSFC.26-28

Social desirability biases may have influenced feedback from
examiners, raters, and participants. Although the in-person
MSFC encourages the examiner to walk with the patient if
the patient is concerned about falling, having a caregiver
present during the tele-MSFC may influence the results in
inconsistent ways (eg, walking faster or slower). Until test-
retest reliability and concurrent validity have been estab-
lished, the tele-MSFC should not be used as an endpoint in
clinical trials. We also acknowledge the limitation of modify-
ing the protocol during data collection. However, protocol
revisions did result in more participants completing the
walking test without adverse events and improved interrater
reliability.
Conclusions

We identified several challenges and solutions for adminis-
tering the tele-MSFC. Future research should examine strat-
egies for tailoring telehealth assessments to the home
environment, functional level, and preferences/confidence
level of participants. The T25FWT may exclude many partic-
ipants from performing the test at home due to space
requirements. Administering 12.5FWT in the home may be
more feasible. Using the T12.5FWT and calculating walking
speed may be possible solutions. However, these solutions
are inconsistent with the validated, legacy version of the
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MSFC. To promote safety and inclusion, we found it impor-
tant to provide technical support, involve family caregivers,
and assess the participants’ confidence level in safely per-
forming the test.
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