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Objective: Upper extremity function reflects disease progression in multiple
sclerosis (MS). This study evaluated the feasibility, validity, and sensitivity to
change of remote dexterity assessments applying human pose estimation to
patient-uploaded videos. Methods: A discovery cohort of 50 adults with MS
recorded “selfie” videos of self-care tasks at home: buttoning, brushing teeth,
and eating. Kinematic data were extracted using MediaPipe Hand pose estima-
tion software. Clinical comparison tests were grip and pinch strength, 9 hole
peg test (9HPT), and vibration, and patient-reported dexterity assessments
(ABILHAND). Feasibility and acceptability were evaluated (Health-ITUES
framework). A validation cohort (N = 35) completed 9HPT and videos.
Results: The modality was feasible: 88% of the 50 enrolled participants
uploaded >3 videos, and 74% completed the study. It was also usable: assess-
ments easy to access (95%), platform easy to use (97%), and tasks representa-
tive of daily activities (86%). The buttoning task revealed four metrics with
strong correlations with 9HPT (nondominant: r = 0.60-0.69, dominant:
r =0.51-0.57, P < 0.05) and ABILHAND (r = —0.48, P = 0.05). Retest validity
at 1 week was stable (r > 0.8). Cross-sectional correlations between video met-
rics and 9HPT were similar at 6 months, and in the validation cohort (nondo-
minant: r = 0.46, dominant: r = 0.45, P < 0.05). Over 6 months, pinch
strength  (5.8-5.0 kg/cm?, P =0.05) and self-reported pinch (ABILHAND)
decreased marginally. While only 15% of participants worsened by 20% on
9HPT, 70% worsened in key buttoning video metrics. Interpretation: Patient-
uploaded videos represent a novel, patient-centered modality for capturing dex-
terity that appears valid and sensitive to change, enhancing its potential to be
disseminated for neurological disease monitoring and treatment.
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and engagement in recreational activities.”” Assessments
sensitive to changes in hand function could inform dis-
. . 4
ease progression, or response to pharmacological® and

Introduction

The hand is the most active part of the upper extremity,

and hand function is critical to independence in activities
of daily living (ADLs)." Neurological conditions can result
in worsening in hand function, whether acutely (stroke)
or more gradually (multiple sclerosis (MS) or Parkinson’s
disease). Changes in function and manual dexterity can
affect quality and independence of performance in daily
tasks, ability to perform at work and remain employed,

rehabilitation strategies. To this end, remote assessments
have been explored; existing options—smartphone-based
applications,™® wrist-worn accelerometers,”® and special-
ized keyboards,”'”

daily living in naturalistic environments. While innova-

allow quantification of activities of

tive, these technologies pose challenges in implementation
and scalability. Alternatively, wearable devices for hand
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gesture recognition, including gloves with embedded iner-
tial measurement units (IMUs) or flexible sensors are rel-
atively low-cost and simple to produce.'' However, there
are limitations to the number of sensors in each glove,
and the associated equipment (e.g., processing unit) hin-
ders its use in a patient’s naturalistic environment.'!

Prioritizing the needs and preferences of patients,
patient-uploaded videos represent an entirely different
approach to the remote monitoring of dexterity. They
leverage accessibility (“bring your own device”, i.e., use of
preferred devices and software), usability (video “selfies”:
a convenient, modern communication medium), and
meaningfulness (capturing self-care tasks critical to inde-
pendent living). To analyze these videos, pose estimation:
a set of algorithms capable of detecting body landmarks
and their movement in space, is gaining acceptance in
healthy populations (e.g., in the lower extremity to quan-
tify features of gaitlz‘ls). To date, however, pose estima-
tion has mostly been validated as a method for capturing
precise data on movement in healthy human populations,
and not to our knowledge as a clinical evaluation in MS
or other neurological populations.

The current study sought to validate patient-uploaded
“self-care selfies” as a method of remotely monitoring dex-
terity data for a neurological population. Specific aims were
to (1) evaluate the feasibility of video collection at single
and longitudinal timepoints, (2) validate dexterity mea-
sures extracted from videos using a proof-of-concept,
open-source pose estimation algorithm, and (3) evaluate
whether subtle worsening in hand function over 6 months
could be captured in videos. The overarching goal is to
provide a granular, clinically meaningful metric of move-
ment in the natural environment that can be used to mea-
sure progression and/or improvement in clinical trials and
to inform clinical care and neurological rehabilitation.

Methods

Study setting and participants

Discovery cohort. A convenience sample of 50 adult
patients with a confirmed diagnosis of MS (by 2017
McDonald Criteria) were referred by their primary neu-
rologist at the University of California, San Francisco
(UCSF) Multiple Sclerosis Center to the study team. All
referred participants met the additional eligibility criteria
(smartphone ownership, smartphone literacy test).

Study procedures

At baseline and 6 months, in-clinic assessments of hand
function were grip and pinch strength (Jamar Technologies
dynanometer),'* quantitative vibration sense (Vibratron

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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II- Physitemp),”” and the 9HPT (standard for assessing
dexterity in MS)."® The Action Research Arm Test (ARAT)
was also included as a comparsion for in-clinic assessment,
but it was not included in analysis as the cohort reached a
ceiling effect. Participants were then trained (for approxi-
mately 5 minutes) to use the institutionally approved
Research Electronic Data Capture (REDCap) platform'” to
complete the remote patient-reported outcome (PRO),
ABILHAND (23 items summarized in pinch and grip
subscores),'® and to upload their videos. Participants were
asked to position the smartphone an arm’s length away in
portrait orientation using the front-facing camera. These
instructions were included in REDCap for reference when
uploading videos at home. Participants were sent an invi-
tation to complete these remote assessments (PROs plus
video upload) via email weekly for months 1-3 and
monthly for months 4-6. Assessment frequency was
intended to identify if practice effects occurred from
repeated, early trials,'® while reducing overall participant
burden. Participants had 48 h to complete each assess-
ment, to ensure reasonably regular intervals between
weekly assessments. Participants received one reminder
email 24 h after the initial email was sent.

Videos and PRO results were stored securely in institu-
tionally approved, firewall- and password-protected plat-
forms, REDCap and Box. Videos were uploaded directly
through REDCap rather than saved to participants’ per-
sonal devices to mitigate data loss and ensure privacy.

Video tasks

Participants self-recorded videos of performance of three
basic ADLs that require hand function®”: dressing (button-
ing a shirt), personal hygiene (brushing teeth), and feeding
(fork to mouth). Example videos were provided within
REDCap. Feeding and personal hygiene tasks were uploaded
once per hand, for a total of five videos per timepoint.

Study feasibility and acceptability

This was evaluated via monthly REDCap survey using the
validated Health Information Technology Usability Evalu-
ation Scale (ITUES)?! framework, which evaluates usabil-
ity to ultimately inform the ease of adoption of new
technologies.

Validation cohort (cross-sectional)

To ensure that the key cross-sectional findings were sta-
ble, a second sample of 35 patients meeting the same eli-
gibility criteria was enrolled to provide the following
information: baseline demographic and clinical measures,
9HPT, and self-care videos.

2395
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Ethical approvals

All study activities were approved by the UCSF IRB
(IRB# 20-557) and all participants provided written
informed consent.

Video analysis

Pose estimation has been tested and successfully validated
in healthy populations. “To estimate 3D hand pose from
2D patient-uploaded videos, MediaPipe Hand from the
OpenCV library was selected. A freely available machine
learning solution, MediaPipe is a high-fidelity finger-
tracking solution that has been validated for clinical
applications™ against RGB 3D-motion capture cameras>>
and detects 21 landmarks in the hand, including the wrist.”

Based on the variable grips required for each of the
ADLs, the tip of the index finger and wrist landmarks
were chosen for analysis (Fig. 1). For each landmark,

(B) 1 2I
8* 11
7
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position and velocity kinematic data were obtained by
mapping the joints of interest onto the real-world xy-
cartesian coordinate system using MediaPipe’s technology
(Fig. 1). The following metrics were generated: (1) path
length of the landmark, a measure of the joint movement
in the cartesian plane; (2) complexity of movement, a
count of the number of local peaks in the position vs
time curve; (3) total distance the joint travels, the
area under the velocity versus time curve (AUC); and
(4) smoothness, average velocity divided by maximum
velocity (Table S1).

A video was considered valid if >10 coordinates were
generated during analysis. Sampling frequency was estab-
lished based on the frame rate of the uploaded video.
Before extracting metrics from each task, videos were not
preprocessed, but were manually reviewed to remove
extraneous activities recorded (e.g., adjusting the camera
before beginning activity). Participants used their own
devices, which resulted in differences in video frame rate.

L . I L I
0.5 0.6 0.7 0.8 0.9
Time (s)

e

Figure 1. Pose estimation landmarks for video analysis. (A) Depiction of skeleton overlay in MediaPipe Hand. Index finger and wrist landmarks
are highlighted in yellow. Coordinate system for video kinematics, with O at the origin. (B) All available landmarks in MediaPipe Hand. Point 8
represents the index finger and Point O represents the wrist. (C) Path length trajectory for index finger in eating task over 1 sec. Each participant
is depicted by a different colored line (black: control; blue: participant with mild MS (EDSS 0-2.5); yellow: participant with moderate MS (EDSS 3—
5.5); red: person with severe MS (EDSS > 6). The Y axis depicts the distance traveled by the landmark in pixels relative to the origin (A).

2396 © 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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To standardize, we used the video duration to estimate
instantaneous frame rate, which was then averaged over
the length of the video.

An initial script was developed to analyze videos using
MediaPipe; this is now optimized to automatically generate
data on one video per minute and available on GitHub
(https://github.com/UCSF-MSLAB/self_care_selfies).

Statistical analyses

To describe the study population, feasibility, and correlates
of adherence, descriptive statistics and unpaired t-tests
were used. To determine the associations between demo-
graphic data, video kinematics, PROs, and clinical dexter-
ity measures, Spearman’s correlation coefficients were
calculated. To quantify statistically significant changes in
each clinical and video measure over the study period,
paired t-tests were conducted. Given the large number of
variables available through MediaPipe, it was a priori
decided that the task with the strongest cross-sectional cor-
relations (r > 0.60) with 9HPT would be selected for lon-
gitudinal analyses. Spearman’s correlation coefficients were
calculated to determine correlations between clinical and
video metrics at both 0 and 6 months. Video analyses were
performed using Python 3.4; kinematic and statistical ana-
lyses, and data visualizations were performed in
Matlab 2022.

Results

Participant demographic and clinical
characteristics

Among the 50 enrolled Discovery cohort participants,
62% were women and 73% non-Hispanic White; mean
age was 47.2 years (SD: 12.9), and median patient-
reported EDSS? disability was 3 (IQR: 2-5) (Table 1).
Based on a 9HPT cut-off of 33.3 sec, 90% of participants
had high and 10% had low dexterity.** In-clinic dexterity
measures showed some associations with demographic
(older age, female sex) and clinical (MS duration) features
(Figure S1). The Validation cohort did not differ in any
key features (P > 0.05 for each comparison, Table S2).

Feasibility of longitudinal patient video
uploads

Engagement

After enrollment, 44 out of 50 (88%) Discovery cohort
participants provided at least 1 time point of video
uploads, 2 withdrew from study due to relapses, and 4
were lost to follow-up.

Patient Videos for Dexterity

Table 1. Discovery cohort demographics and baseline characteristics.

Gender, N (%)

Men 18 (36%)

Women 31 (62%)

Nonbinary 1(2%)
Age, mean (SD) 47.2 (12.9)
Race, N (%)

White, non-Hispanic 44 (73%)

Black 12%)

Asian 4 (8%)

Hispanic 1(2%)
Baseline EDSS, median (IQR) 3(2,5)
Disease duration (years), mean (SD) 14.3 (9.2)
MS subtype, N (%)

Relapsing remitting 43 (86%)

Primary progressive 4 (8%)

Secondary progressive 3 (6%)
Dominant hand, N (%)

Right 45 (90%)

Left 5(10%)
Smartphone type, N (%)

i0S 40 (80%)

Android 10 (20%)
Grip strength (kg/cm?), mean (SD)

Dominant 28.6 (9.4)

Nondominant 27 (9.5)
Pinch strength (kg/cm?), mean (SD)

Dominant 5.8(2.6)

Nondominant 5.6 (2.5)
Nine-hole peg test (sec), mean (SD)

Dominant 23.5(9.7)

Nondominant 28.7 (14.9)
Vibration sense (Hz), mean (SD)

Dominant 2.4 (2.7)

Nondominant 2.3(2.6)
ABILHAND, mean (SD)

Pinch subscore 29.5 (4.6)

Grip subscore 35.5 (4.4)

Study adherence

For the 37 6-month study completers, 345 total videos were
uploaded at the baseline and 6-month timepoints; 12 could
not be analyzed, and kinematic metrics could not be
extracted from 54, leaving 279 (80.9%) videos to be analyzed.
No participants providing remote data experienced relapses.
The 44 remotely engaged participants, and the 37 study com-
pleters, did not differ from the entire (N = 50) cohort in
terms of age, sex, race/ethnicity, disease duration, or baseline
9HPT (P > 0.05 for each variable compared; Fig. 2).

Acceptability

The study assessments and overall design were well-
received by most participants both in their qualitative
and quantitative responses (detailed in Table S3).

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 2397
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Usability

A majority strongly (77%) or somewhat (18%) agreed
that the assessments were easy to access, and a majority
strongly (61%) or somewhat (36%) agreed that the
remote uploading platform was easy to use, “without
technical issues.” None disagreed with these statements.

Relevance

Most participants strongly (43%) or somewhat (43%)
agreed that the tasks performed in the videos were repre-
sentative of their daily activities. Qualitatively, buttoning
was noted as being “more challenging than I remember.”

Video quality

Mean video duration was 12.1 sec (SD: 5.6, median:
7.2 sec, range: 3-165 sec). Of 250 total baseline videos
(N =50, 5 tasks each), 16 (6.4%) were not analyzed due
to low video quality or participant error (e.g., participant
forgot to press record); of the 234 others, 36 (15.4%) did
not generate sufficient data by MediaPipe Hand for kine-
matic analysis (generating fewer than 10 coordinates per
video). This left 198 (79%) videos, from 95% partici-
pants, to be analyzed. Low (>33.5 sec)'® 9HPT scores
were not associated with difficulty using the survey

A. Gopal et al.

platform or completing video uploads (Pearson’s correla-
tion, P > 0.05).

Cross-sectional validation of video metrics
Validation against clinical measures
Discovery cohort (N = 50)

The buttoning task yielded measures with the strongest cor-
relations with standard in-clinic assessments of hand func-
tion (Figs. 3-5). In the nondominant hand, 9HPT was
strongly correlated with wrist position path length
(r=0.66, P=0.011), wrist position peaks (r = 0.65,
P =10.010), index position path length (r= 0.69,
P = 0.012, and index position peaks (r = 0.68, P = 0.009).
Further, vibration sense was also correlated with wrist posi-
tion path length (r = 0.39, P = 0.045), index position path
length (r = 0.46, P = 0.006), and wrist position peaks
(r = 0.35, P = 0.019). In the dominant hand, these correla-
tions between buttoning metrics and 9HPT ranged
r = 0.51-0.57, P = 0.03-0.05. More modest correlations
were found for the brushing and eating tasks (Table S5).

To ensure that these associations were stable across dif-
ferent time points, cross-sectional correlations at 6 months
were also analyzed. Similarly, the buttoning task demon-
strated the strongest correlations between 9HPT in the
nondominant hand (wrist position path length (r = 0.71,

365 patients

referral

contacted via email based on clinical

12

87 patients
screened via phone

2

50 participants

met all eligibility criteria and
enrolled in the study

v

50 participants

completed baseline evaluation

P

6 participants
withdrew after baseline evaluation
e 2 experienced relapses
® 4lost to follow up

completed >3 in-home assessments

44 participants

e

N

2 participants

withdrew due to time demands of study

5 participants lost to follow up

37 participants
completed final visit at 6 months

Figure 2. Participant recruitment and retention diagram, tracking patient contacts, enrollments, withdrawals, and completion.
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Figure 3. Spearman’s correlation coefficients heatmap, buttoning task. Darker pink colors indicate r values closer to 1, and darker blue colors
indicate values closer to —1. (A) Buttoning dominant hand (B) buttoning nondominant hand.

P =0.012), wrist position peaks (r = 0.59, P = 0.023),
index position path length (r = 0.61, P = 0.019), and index
position peaks (r = 0.52, P = 0.031).

Validation cohort (N = 35)

The validation cohort did not differ from the Discovery
cohort in any key clinical or demographic features

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

(Table S2). Mean 9HPT for the dominant hand was
25.3 sec and for the nondominant hand was 26.9 sec.
Again, as for the Discovery cohort, the buttoning task
yielded measures with the strongest correlations with
9HPT scores. In the nondominant hand, 9HPT was cor-
related with wrist position path length (r = 0.45,
P=10.021) and wrist position peaks (r = 0.42,
P =0.010).
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Figure 4. Spearman’s correlation coefficients heatmap, brushing task.

Darker pink colors indicate r values closer to 1, and darker blue colors

indicate values closer to —1. (A) Brushing dominant hand (B) brushing nondominant hand.

Video correlates of poor motor control

Greater path of wrist movement while buttoning in the
nondominant hand was correlated with both measures
poor motor control (difficulty with purposeful, coordi-
nated movements>’), that is, long 9HPT time and low
pinch strength, as well as diminished vibration sense
(high threshold of detection) (Fig. 5B). Motor control

2400

showed moderate correlations with video metrics from
the eating and brushing tasks.

Association with patient-perceived dysfunction

Self-reported difficulty in pinch (e.g., fastening a zipper)
and grip strength (e.g., opening a jar) on the ABILHAND
questionnaire showed stronger associations with buttoning

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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Figure 5. Spearman’s correlation coefficients heatmap, eating task. Darker pink colors indicate r values closer to 1, and darker blue colors
indicate values closer to —1. (A) Eating dominant hand (B) eating nondominant hand.

video measures than with the in-clinic 9HPT. For example,
self-reported difficulty with pinch showed no correlation
with 9HPT (Spearman r = 0.02, P = 0.91), but moderate

correlations with wrist position path length (r = —0.48,
P = 0.05), wrist velocity area under the curve (r = —0.47,
P =0.05), and wrist velocity smoothness (r= —0.48,

P = 0.05) while buttoning.

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley

Test-retest reliability

For the 44 participants providing data on consecutive
weeks during the first month of the study, metrics for all
tasks resulted in ICC > 0.75, indicating high consistency
between repeated measures within 1 week.”® The smallest
real difference (SRD), defined at the 95% confidence limit

2401
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of the standard error of measurement (SEM) was 13.12%
across video metrics.”® The SRD for each metric is listed
in Table S5.

Longitudinal validation of video metrics over
6 months (N = 37)

Clinical measures

Over the 6 month study, mean 9HPT only decreased by
2.7 sec for the dominant hand (P = 0.11) and 2.4 sec for
the nondominant hand (P = 0.52); 6 participants (15%)
had 9HPT scores that changed >20% in the dominant hand
and 4 (10%) who changed in the nondominant hand.”” A
marginal reduction in pinch strength was noted (mean
change dominant hand: 0.8 kg/cmz, P = 0.05; nondomi-
nant hand: 0.6 kg/cmz, P = 0.16), as well as in the ABIL-
HAND pinch subscore (P = 0.05) but not the grasp
subscore. Of the 13 participants whose pinch strength
worsened in both hands over 6 months, ABILHAND self-
reported pinch subscore worsened for 11. Grip strength
and vibration were stable over the study period (Table S4).

Video measures

Based on the strong correlations with 9HPT and with self-
reported impairment in the cross-sectional analyses, the
buttoning task was selected for the longitudinal analyses.
Most metrics derived from each hand showed statistically
significant worsening over the 6 months (Table 2). This
includes wrist path position (dominant: P = 0.04, nondo-
minant: P = 0.05), wrist position peaks (dominant:
P = 0.01, nondominant: P = 0.02), wrist velocity smooth-
ness (dominant: P = 0.01), and position peaks of the index
finger (dominant: P = 0.02, nondominant: P = 0.04).

Comparative sensitivity to change: clinical versus
buttoning video metrics

Overall, all 37 participants worsened in dexterity, assessed
as continuous measures over the study. In the dominant
hand, 45% of participants changed by video metrics
alone, 35% by both video metrics and 9HPT and 10% by
9HPT alone. The remaining 5% of participants did not
change on either metric. This trend was similar in the
nondominant hand: 50% of participants changed by video
metrics alone, 20% by both video metrics and 9HPT, and
15% by 9HPT alone.

“When change was measured categorically by worsen-
ing on buttoning video metrics by the SRD95, Table 2, in
the dominant hand 65% of participants changed by but-
toning video metrics alone, 10% by both video metrics
and 9HPT, and 5% by 9HPT alone. The remaining 20%
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Table 2. Changes in 9HPT and in video metrics derived from button-
ing tasks over 6 months (N = 37).

Mean Smallest real
Outcome difference difference  95% ClI P-value
9HPT
Dominant —-1.93 —4.01 to 7.87 0.51
Nondominant —4.99 —11.30to 1.31 0.11
Buttoning task
Wrist position AUC
Dominant —-0.03 0.98 -0.12t0 0.07 0.54
Nondominant 0.07 0.01 —0.04 t0 0.19 0.19
Wrist position path length
Dominant -1.50 0.62 —2.94 to —0.07 0.04*
Nondominant —1.73 0.71 —3.611t00.14  0.05*

Wrist position peaks

Dominant —2.57 0.28 —-5.911t00.77 0.01*

Nondominant —2.00 0.64 —-5361to0 1.35 0.02*
Wrist velocity AUC

Dominant 0.03 0.66 —0.01t0 0.06  0.15

Nondominant —0.01 0.04 —-0.111t00.09 0.83

Wrist velocity smoothness

Dominant 0.03 0.61 —0.008 to 0.07 0.01*

Nondominant —0.006 0.01 —0.11 10 0.10 0.09
Index position AUC

Dominant -0.03 0.19 —0.13 to0 0.06 0.48

Nondominant ~ 0.07 0.20 —-0.04t0 0.17  0.18
Index position path length

Dominant —1.28 0.76 —3.23 t0 0.67 0.18

Nondominant —1.60 0.85 —3.57t00.37 0.10

Index position peaks

Dominant —4.29 0.47 —7.87 to —0.69 0.02*

Nondominant —3.14 0.78 —6.23 to —0.06 0.04*
Index velocity AUC

Dominant 0.02 0.05 —0.05 to 0.08 0.52

Nondominant 0.01 0.04 —0.04 to 0.06 0.61
Index velocity smoothness

Dominant 0.03 0.14 —0.04 t0 0.09 0.41

Nondominant 0.02 0.03 —0.04 to 0.07 0.55

9HPT, 9 hole peg test; AUC, area under the curve.
*Indicates P < 0.05.

of participants did not change on either metric. Similarly
in the nondominant hand, 65% of participants categori-
cally changed by buttoning video metrics alone, 10% by
both video metrics and 9HPT, and 5% by 9HPT alone
(Fig. 6). However, the same trends in categorical change
(by the SRD95) were not seen for the brushing and eating
tasks (Figure S1).”

Discussion

Detecting subtle changes in dexterity has monitoring and
treatment implications across many neurological diseases,
as well as for the healthy aging population.”® The current
study sought to overcome limitations of existing in-clinic
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(B) Change in Buttoning Metrics
(Non-Dominant Hand)
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Figure 6. Sensitivity of 9HPT and buttoning video metrics in change detection over study period. Video measures are more sensitive to changes
over 6 months than 9HPT. Both categorical 20% change, as well as continuous change, were more commonly detected using video metric than

9HPT scores.

and remote tools by evaluating a novel form of data col-
lection: patient-generated videos of themselves performing
ecologically valid ADLs. In an MS population, this low-
cost, low-technology solution was feasible, with high satis-
faction and adherence and low barriers to completion.

In proof-of-concept analyses, measures extracted from
the buttoning videos correlated highly with the in-clinic
9HPT (and better with self-reported dexterity problems)
but were more sensitive to worsening over 6 months
despite this being a low disability cohort where only 47%
categorically worsened by the 13.12% SRM on video met-
rics. The relatively weaker associations and 6-month stabil-
ity found for brushing and eating tasks are likely due to
the larger, gross motor movements required relative to the
finer motor abilities required for buttoning and the 9HPT.
Buttoning requires the most pinch strength, and given its
correlation with vibration sensation, also invokes the

importance of dorsal column sensory pathway integrity for
manipulating buttons. The buttoning task examined in this
study evaluated both gross and fine movements required
to complete the movement—subsequent work should
explore the distinctions between various phases of the task
in order to develop a more robust assessment to evaluate
pinch strength. Further assessments of validity included an
independent validation cohort of 35 additional partici-
pants with similar 9HPT scores, where again the buttoning
task resulted in statistically significant correlations. The
stability and replicability of these results speaks to this
method’s promise and high clinical validity.

The higher correlations between the patient-reported
functional impairments and video measures suggest that
they better reflect patient functional capacities than the
clinical tests. In fact, most rehabilitation efforts focus on
capacity measures (what someone reports they are capable
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of doing, e.g., ABILHAND), though patients seek out reha-
bilitation services to improve performance in their daily,
unstructured lives.”® Patient-generated videos allow for
more direct measurement of movement during tasks in a
natural environment, better reflecting performance.
Further, identifying the more detailed aspects of movement
that changed in the video metrics (e.g., speed, distance trav-
eled) could allow clinicians to better understand and target
the extent of functional challenges a patient is experiencing.

The current study advances remote research for neuro-
logical populations by demonstrating the feasibility and
meaningfulness of patient-uploaded videos. Videos pro-
vide powerful assessments of movement, and patient-
uploaded, in-home videos provide substantial accessibility
benefits over videos collected under more controlled
in-clinic conditions. Intuitively, uploading “selfies” is
near-ubiquitous in modern-day life, and is a technology
familiar to many. According to 2019 data, 85% of adult
Americans own a smartphone,” including all potential
participants referred to the current study (with 44%
smartphones being manufactures in 2018 or prior). This
“bring your own device” approach to functional assess-
ments overcomes some limitations of other customized
digital health approaches (e.g., wearable devices, comput-
erized keyboards, smartphone, and tablet-based applica-
tions, video conferencing with clinicians), in that it is
cost-effective, uses consumer-grade video software both
encoded and regularly maintained in most smartphones,
and does not require the purchase of hardware. Overall,
95% participants submitted videos that could be analyzed,
without any guidance or supervision; and baseline dexter-
ity did not influence their ability to upload high-quality
videos and complete assessments, which may be due to
the relatively low disease burden in this cohort (median
EDSS: 3). Further, this method delivers videos directly to
the clinical or research group who can generate high qual-
ity kinematic data without any programming knowledge.
The source videos can also be stored for updated analysis
as pose estimation algorithms inevitably improve and
become more sensitive to impairment and change. The
current proof of concept study warrants replication in
larger cohorts of individuals with more advanced
disability.

The advantages of capturing change through “self-care
selfie videos”—including accessibility, adherence and
retention, participant satisfaction, correlation with
patient-reported difficulties, and sensitivity to change are
particularly beneficial given the often insidious, “silent,”
disease progression in people with MS. Users’ satisfaction
and perceptions of usability are critical to determining
the eventual widespread adoption of a digital tool.’!
Highly specific, easily attainable metrics such as those
obtained from the current video analyses could allow
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clinicians to not only identify limitation in functional
activities, but also detect early changes contributing to
disease progression and inform rehabilitation protocols.
Future applications may include patient-uploaded
videos for collection of walking, speech, and other
video-amenable data. “Self-care selfies” represent a novel
approach to quantify real-time kinematics during real-
world ADLs, and this feasible approach could offer bene-
fits across other conditions characterized by loss of hand
function (e.g., Parkinson’s disease, amyotrophic lateral
sclerosis) including healthy aging.
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Table S1. Video kinematic metrics summary.

Table S2. Validation cohort demographics and baseline
characteristics.

Table S3. Responses to monthly feedback surveys.

Table S4. Change in hand function using established clin-
ical and patient-reported measures over 6 months.

Table S5. Changes in 9HPT and in video metrics derived
from brushing and eating tasks over 6 months (N = 37).
Figure S1. Changes in brushing and eating task video
metrics and 9HPT scores over 6 months.
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