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ABSTRACT

Introduction: Traditional methods for assess-
ing movement quality rely on subjective stand-
ardized scales and clinical expertise. This limi-
tation creates challenges for assessing patients
with spinocerebellar ataxia (SCA), in whom
changes in mobility can be subtle and varied. We
hypothesized that a machine learning analytic
system might complement traditional clinician-
rated measures of gait. Our objective was to use
a video-based assessment of gait dispersion to
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compare the effects of troriluzole with placebo
on gait quality in adults with SCA.

Methods: Participants with SCA under-
went gait assessment in a phase 3, double-
blind, placebo-controlled trial of troriluzole
(NCT03701399). Videos were processed through
a deep learning pose extraction algorithm, fol-
lowed by the estimation of a novel gait stability
measure, the Pose Dispersion Index, quantifying
the frame-by-frame symmetry, balance, and sta-
bility during natural and tandem walk tasks. The
effects of troriluzole treatment were assessed in
mixed linear models, participant-level grouping,
and treatment group-by-visit week interaction
adjusted for age, sex, baseline modified Func-
tional Scale for the Assessment and Rating of
Ataxia (f-SARA), and time since diagnosis.
Results: From 218 randomized participants, 67
and 56 participants had interpretable videos of a
tandem and natural walk attempt, respectively.
At Week 48, individuals assigned to troriluzole
exhibited significant (p = 0.010) improvement
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in tandem walk Pose Dispersion Index versus
placebo {adjusted interaction coefficient: 0.584
[95% confidence interval (CI) 0.137 to 1.031]}. A
similar, nonsignificant trend was observed in the
natural walk assessment [coefficient: 1.198 (95%
CI - 1.067 to 3.462)]. Further, lower baseline
Pose Dispersion Index during the natural walk
was significantly (p = 0.041) associated with a
higher risk of subsequent falls [adjusted Poisson
coefficient: — 0.356 [95% CI - 0.697 to — 0.014)].
Conclusion: Using this novel approach, trorilu-
zole-treated subjects demonstrated improvement
in gait as compared to placebo for the tandem
walk. Machine learning applied to video-cap-
tured gait parameters can complement clinician-
reported motor assessment in adults with SCA.
The Pose Dispersion Index may enhance assess-
ment in future research.

Trial Registration—ClinicalTrials.gov
Identifier: NCT03701399.

Keywords: Troriluzole; Spinocerebellar ataxia;
Kinematic analysis; Video; Artificial intelligence;
Pose dispersion index

This post hoc analysis compared the efficacy
of troriluzole versus placebo in adults with
SCA who participated in a Phase 3, long-
term, randomized, double-blind, placebo-
controlled study designed to assess the safety,
tolerability, and efficacy of troriluzole 200 mg
once per day for 48 weeks in adults with SCA
(NCT03701399).

Investigators used a novel approach to

the assessment of treatment effects—the
Pose Dispersion Index—a video-based kin-
ematic analysis of frame-to-frame variation
in human motion based on quantitative
analysis of upper and lower ambulation that
represents intra-individual differences in gait
asymmetry and base support.

The primary outcome measure was the treat-
ment effect of troriluzole versus placebo on
the Pose Dispersion Index at 48 weeks during
a tandem walk task.

At Week 48, individuals treated with trori-
luzole exhibited significant improvement
versus placebo on the tandem walk Pose
Dispersion Index (p = 0.010); a similar but
nonsignificant trend was observed in the
analysis of paired videos in the natural walk
assessment.

Pose Dispersion Index scores at baseline for
the natural walk were negatively associated
(p = 0.041) with frequency of subsequent
falls.

DIGITAL FEATURES

This article is published with digital features,
including four videos to facilitate understand-
ing of the article. To view digital features for this
article, go to https://doi.org/10.6084/m9.figsh
are.25663299.

INTRODUCTION

Spinocerebellar ataxias (SCAs) are autosomal-
dominant, neurodegenerative diseases charac-
terized principally by Purkinje cell death and
cerebellar atrophy associated with reduced
uptake of extracellular glutamate, mitochondrial
dysfunction, transcriptional dysregulation, and
channelopathies; at least 48 genetically distinct
subtypes are recognized [1-6]. The symptoms of
SCA include impaired balance and motor coor-
dination, postural or kinetic tremor, incoordi-
nation of limbs, cognitive impairment, dysar-
thria/dysphagia, and oculomotor dysfunction
[7]. The changes in gait may include an increase
in step width, greater step dispersion, abnormal
trunk oscillations, uncoordinated walking pat-
terns, irregular foot trajectories, and reduced
stability, resulting in a lack of smooth cadence
[8-12]. Poor gait performance is associated with
a greater risk of falling [13-18]. An estimated
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84% of patients with SCA fall at least once per
year [18], and most (> 54%) have experienced
fall-related injuries [16, 18]. Factors associated
with a higher fall frequency in patients with SCA
include disease duration, severity of ataxia, the
presence or absence of pyramidal symptoms, the
number of non-ataxia symptoms, and the SCA
genotype; gait performance can be involved in
a number of these factors [16].

Since subtle changes of gait may be among
the earliest motor symptoms among individuals
with SCA [19], early assessment of changes in
gait movement can be an important determi-
nant of disease progression. However, traditional
assessments rely solely on clinician observations,
which are subjective and susceptible to error [20,
21]; these also capture incremental assessments,
which are designed to cover the continuum of
disease, not to detect these smallest changes.
Human pose estimation—i.e., the calculation
of human body keypoint coordinates based on
recorded images—can be used to supplement
traditional clinician-rated measures [22-24].
This innovation was enabled by the introduc-
tion of deep artificial intelligence (Al) machine
learning and the evolution of convolutional
neural networks and novel model architectures.
This technology is readily applicable to videos of
human motion and has enabled motion capture
based on human pose estimation algorithms
absent the need for wearable devices. This tech-
nology is deemed to be comparable to marker-
based methods in the assessment of symptoms,
functional ability, and response to therapeutic
interventions [21].

Treatment of patients with SCA is challeng-
ing. Although high-intensity motor training
(e.g., physiotherapy and kinesitherapy) may
improve postural stability and reduce depend-
ence on walking aids [25], clinical management
is typically limited to supportive measures. No
medications to date have demonstrated effects
on disease progression. Previous research sug-
gests that riluzole, a benzothiazole derivative
with neuroprotective properties, may be asso-
ciated with improvements in functional ability
in patients with SCA [26, 27], but its benefits
are limited by inconsistent exposure, poor solu-
bility, food effects, and serum aminotransferase
elevations [28-31].

Troriluzole is a novel, third-generation tripep-
tide prodrug of riluzole that has been optimized
for improved bioavailability, pharmacokinetics,
safety, and dosing. Following oral administra-
tion, troriluzole is rapidly absorbed and con-
verted to riluzole, providing high bioavailabil-
ity, consistent exposure, improved liver safety,
once-daily dosing, and no food effect [32], sug-
gesting enhanced clinical benefits compared
with riluzole. A previous Phase 3, multicenter,
randomized, double-blind, two-arm, placebo-
controlled parallel-group study in individuals
with SCA (NCT03701399) showed potential for
slowing disease progression in adults with SCA
using the Scale for the Assessment and Rating
of Ataxia (SARA), a clinician-rated assessment of
movement [33]. The objective of this study was
to compare the effects of troriluzole versus pla-
cebo on gait quality by applying a series of deep
learning-derived video-based kinematic met-
rics of frame-to-frame human pose and motion
variability, as measured by the Pose Dispersion
Index during tandem and natural (normal) walk
tasks.

METHODS

Ethical Approval

This study was conducted in accordance with
Good Clinical Practice and the Helsinki Declara-
tion of 1964, the ethical principles of European
Union Directive 2001/20/EC, and the United
States Code of Federal Regulations, Title 21, Part
50 (21CFRS0). The study was approved by all
participating institutions. The main ethics com-
mittee for the study was Advarra IRB of 6940
Columbia Gateway Drive, Suite 110, Colum-
bia, MD 21046, USA. Full details of participat-
ing institutions and the ethics committees or
institutional review boards which approved the
study are provided in the supplementary mate-
rials. Participants in the original clinical trial
signed informed consent, which included infor-
mation that the trial results might be published;
for this post hoc analysis, no separate informed
consent was obtained.
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Study Conduct

This study was a post hoc analysis of data col-
lected from a Phase 3, multicenter, randomized,
double-blind, two-arm, placebo-controlled
parallel-group study designed to assess the
safety, tolerability, and efficacy of troriluzole
in individuals with SCA (NCT03701399). The
study included 2 phases: a 48-week randomi-
zation phase and a 48-week open-label exten-
sion phase. During the randomization phase,
participants received troriluzole (140 mg/day)
or placebo for 4 weeks and then titrated up to
200 mg/day for the remaining 44 weeks. Partic-
ipants who agreed to enter the extension phase
continued open-label troriluzole 200 mg for up
to 96 weeks.

Participants underwent rater assessment on
the modified Functional Scale for the Assess-
ment and Rating of Ataxia (f-SARA) at screen-
ing, baseline, and through 48 weeks after ran-
domization. Per protocol, participants were
evaluated on natural walk and tandem walk
tasks based on abilities. For the natural walk
task, participants were asked to walk 10 m,
followed by a half turn, without pausing, and
then return to the starting point. Participants
who completed the natural walk task without
assistance then underwent the tandem walk
task, for which they were asked to complete 10
additional steps with both feet in one line and
with no spaces between heel and toe. Although
the tasks were performed parallel to the wall
and at a distance that enabled participants to
use the wall for intermittent support, partici-
pants were encouraged to use assistance only
when required for safety. The gait tasks were
not timed, and participants were instructed to
walk at a comfortable pace. Participants were
asked to use a similar type of shoe across all
exams and to perform the assessment on the
same flooring. For the tandem walk assessment,
gait scores were based on the initial 10-step gait
attempt; more than 1 misstep was scored as a
failure.

Videos were filmed of both the natural and
tandem walk tasks. The primary planned pur-
pose of recording videos was to enable central
adjudication, if required, of scoring the {-SARA

gait item. It was not mandated that all subjects
consent to being filmed during performance of
the gait tasks; 3 of 23 study sites did not collect
videos either because local regulations did not
permit this (2 sites) or because study partici-
pants did not consent to being filmed (1 site).

Participants

Adults aged 18-75 years with a known or sus-
pected diagnosis of SCA 1, 2, 3, 6, 7, 8, or 10 were
eligible to participate in Study NCT03701399. Par-
ticipants had to be able to ambulate 8 m without
assistance (canes and other devices were allowed).
They also had to have a total score on the f-SARA
of at least 3, and a score of at least 1 on the gait
subsection of the f-SARA. Individuals with a score
of 4 on any individual item of the f-SARA were
excluded as were those with Mini-Mental State
Examination [34] score less than 24. Full inclu-
sion and exclusion criteria are described elsewhere
(https://classic.clinicaltrials.gov/ct2/show/NCTO03
701399).

Participants in the post hoc analysis were: (1)
randomized to troriluzole or placebo; (2) par-
ticipated in the gait assessment of the ability to
complete the natural walk or tandem walk; (3)
took at least 1 dose of study medication during
the randomization double-blind phase; and (4)
provided a non-missing baseline measurement
and a non-missing post-baseline efficacy assess-
ment at 48 weeks (or early termination) post-ran-
domization. Eligible participants also had paired
videos at screening (Week O/pre-randomization)
and at the last follow-up visit (Week 48 or early
termination) post-randomization for the natural
or tandem walk that met quality control stand-
ards. A convenience sample of patients was used
for this analysis based on those sites with readily
accessible recordings at the date when the analysis
was undertaken, and videos which met quality
parameters (patient close enough to the camera
enabling reliable extraction of body parts, and sta-
ble alignment between camera and gait direction).

Assessments

The f-SARA is a modified version of the stand-
ard SARA which was developed to provide
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semi-quantitative scoring of abnormalities of
motor control in cerebellar ataxias [33]. The
SARA assesses ataxia severity and disease pro-
gression via evaluation of 8 items concerning
gait, stance, sitting, speech, and upper and lower
limb coordination. The f-SARA was designed
to create new response categories that reflect
clinically meaningful changes in function and
includes the SARA items of gait, stance, sitting,
and speech disturbance (axial items 1-4). The
gait item of the f-SARA was rated as follows (Fig-
ure S1): normal (0: no impairment in walking,
turning, and tandem walk); mildly impaired (1:
abnormal gait, but no assistance needed with
walking and/or fails tandem walk); moderately
impaired [2: staggers, but walks independently
(intermittent use of wall, examiner’s arm, or
cane)]; severely impaired [3: dependent upon
assistance (requires constant assistance from an
accompanying person or uses walker)]; unable
to perform the task (4: unable to walk, even
supported). Trained, certified (re-certified at 6
months) observers instructed participants on the
specified tasks and rated their abilities according
to the specifications of each item.

Video-Based Kinematic Assessment

The original videos were taken in a standardized
manner of participants performing the tandem
and natural work tasks using pre-programmed
camcorders. Video operators stationed cameras
directly in front of participants, and the video-
based metrics were evaluated until participants
performed the half-turn. Videos were processed
through a deep neural network architecture
that included a multi-stage classifier specifically
trained for person pose estimation [35] trained
against the normative 40,000 MPII Human Pose
dataset [36, 37] that tracked coordinates of key
body segments, followed by the computation
of interpretable kinematic features reflecting
dynamic pose dispersion. For this purpose, an
integrated Pose Dispersion Index was estimated,
which characterizes gait quality through time
and reflects a dynamic global assessment of pose
symmetry, balance, and stability during natural
and tandem walk tasks based on the continuous
data captured in the videos. The Pose Dispersion

Index tracks the movement of key body parts
(e.g., right and left feet and chest) and the
relationship between them over time, and the
dynamic symmetry of the individual’s body
pose indexed to their base of support (distance
between right and left feet). Higher Pose Disper-
sion Index values indicate better gait stability or
a more consistent change in pose and motion
across time. For details about the methods used
for the video assessments and for calculation of
the Pose Dispersion Index, please refer to the
Supplementary material.

Endpoints

For the post hoc analysis, the primary endpoint
was Pose Dispersion Index values at Week 48
versus screening/Week 0 during a tandem walk
task. The secondary endpoint was Pose Disper-
sion Index values at Week 48 versus screening/
Week 0 during a natural walk task. The explora-
tory endpoint was the relationship between the
Pose Dispersion Index at screening and the total
number (count) of falls recorded during the ran-
domization period.

Statistical Methods

Categorical variables were tabulated with counts
and percentages. Continuous variables were
summarized with univariate statistics [e.g., n,
mean, standard deviation (SD), standard error
(SE), median, 25th-75th percentile] as appropri-
ate. As the sample size for this post hoc analy-
sis was determined by the availability of video
assessments at the time the analysis was under-
taken, no power calculations were performed.
For the primary outcome measure, the effects
of troriluzole versus placebo on the Pose Dis-
persion Index at 48 weeks from screening were
assessed using a standard mixed linear model
using fixed effect factors, with grouping at the
level of each participant, for the following: treat-
ment group, visit week (screening vs. week 48),
treatment group-by-visit week interaction, age,
sex, baseline f-SARA score, and time since diag-
nosis as covariates. Coefficients were reported
with associated 95% confidence intervals and p
values. A similar analysis was performed for the
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secondary outcome measure. In the exploratory
analysis, the association between the Pose Dis-
persion Index at screening/Week O and the total
number of subsequent falls was assessed using
Poisson regression models with the total number
of falls during randomization as the dependent
variable, the previously mentioned covariates
as the independent variables in the model, and
an offset term reflecting each participant’s time
of follow-up. Pairwise, unadjusted compari-
sons across the 2 timepoints (Weeks 0 and 48)
were performed using paired t tests. Unadjusted
comparisons between 2 unrelated groups were
performed using, as appropriate, a Chi-square
test (for categorical variables), unpaired t test,
or Mann-Whitney U test. A 2-sided alpha level
of 0.05 was used, unless specified otherwise.
Analyses were performed using Python 3.8 in
Visual Studio Code Version: 1.75.1 and based on
observed data unless specified otherwise.

RESULTS

Participants

Of the 218 participants in the overall sample, 99
(45.4%) participants provided at least one video
of a tandem walk and 67 (30.7%) participants
had videos of a tandem walk attempt at Week 0
and Week 48, all of which met quality standards
to be included in the analysis. A total of 121
(55.5%) participants provided at least one natu-
ral walk video, and 104 (47.7%) participants had
natural walk videos at both Week 0 and Week
48, of which videos from 56 (25.7%) participants
met quality control. There was some overlap
between these samples, with 23 participants
contributing video assessments of both natural
and tandem walks to the analysis. Demographic
and baseline characteristics of video-assessed
participants were similar to those in the overall
sample enrolled in the overall study (Table 1),
except that gait item scores were lower. Fur-
thermore, general equipoise in demographics,
f-SARA total, and gait scores, and baseline Pose
Dispersion Index was observed between partici-
pants in the troriluzole and placebo groups on
the tandem and natural walk tasks (Table 2). The

median time since diagnosis differed between
treatment groups for participants included in
the video-based tandem walk analysis.

Efficacy

Change in Pose Dispersion Index

Participants who received troriluzole expe-
rienced a significant increase (p = 0.010) in
Pose Dispersion Index values on the tandem
walk that was independent of age, sex, base-
line f-SARA score, and/or years since diagnosis
(Table 3; Fig. 1), indicating an improvement
in gait performance. For the natural walk task,
participants who were treated with troriluzole
experienced numerically greater improvement
(p =0.300) in Pose Dispersion Index values than
those who were treated with placebo (Table 3;
Fig. 1).

Results for individual participants on the
tandem walk task and the natural walk task
are presented in the supplementary material
(Figure S2).

One sample pair of individual participant
videos, processed for human pose estimation, is
included in the supplementary material for each
of the natural and tandem walk tasks.

Pose Dispersion Index and Number of Falls

In adjusted Poisson regression models (Table 4),
lower Pose Dispersion Index values (greater vari-
ability in gait) at baseline were associated with
a higher risk of subsequent falls during rand-
omization. This was statistically significant for
the natural walk-derived Pose Dispersion Index
(p = 0.041) but not for the tandem walk-derived
Pose Dispersion Index (p = 0.231). These asso-
ciations were independent of age, sex, baseline
f-SARA scores, time since diagnosis, and treat-
ment group.

DISCUSSION

This was a post hoc analysis of data from a Phase
3, multicenter, randomized, double-blind, two-
arm, placebo-controlled parallel-group study
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Table 1 Characteristics of participants in the overall sample and the post hoc analysis
Tandem walk Natural walk
Overall Excluded® Included  pvalue Overall Excluded® Included  pvalue
n=218  n=151  (paired n=218  n=162  (paired
videos) videos)
n=067 n=>56
Treatment group, 7 (%)
Placebo 109 (50.0) 73 (48.3)  36(53.7) 0.557 109 (50.0)  82(50.6)  27(482) 0.877
Troriluzole 109 (50.0)  78(51.7)  31(46.3) 109 (50.0)  80(49.4)  29(5L8)
Age,mean (SD) 47.6(12.8) 483 (13.6) 45.9(10.7) 0.15747.6 (12.8)  47.7(127) 47.3(13.3) 0.864
Sex, 7 (%)
Women 112 (51.4) 78 (51.7) 34 (50.7) 1.000 112 (51.4) 93 (57.4) 19(33.9) 0.004
Men 106 (48.6) 73 (483)  33(49.3) 106 (48.6) 69 (42.6)  37(66.1)
Known genotype, 7 (%)
SCALl 26(12.0)  22(147) 4(6.0) 0512 26(12.0)  15(9.3) 11(19.6)  0.061
SCA2 67(30.9)  44(293) 23 (34.3) 67(30.9)  53(329)  14(25.0)
SCA3 89 (41.0)  59(39.3) 30 (44.8) 89 (41.0)  62(385)  27(48.2)
SCA6 12 (5.5) 7 (47) 5(7.5) 12 (5.5) 11(6.8) 1(1.8)
SCA7 10 (4.6) 8(5.3) 2(3.0) 10 (4.6) 9(5.6) 1(1.8)
SCAS 5(2.3) 4(27) 1(1.5) 5(2.3) 3(1.9) 2(3.6)
SCAI10 8(37) 6 (4.0) 2(3.0) 8(3.7) 8(5.0) 0
Bascline -SARA
Score, median 4.0 (4.0,6.0) 5.0 (4.0,7.0) 4.0(3.0,45) <0.001 4.0 (4.0,6.0) 4.0 (4.0,6.0) 5.0 (4.0,6.2) 0.065
(IQR)
Gait item, 1.0 (1.0,2.0] 1.0(1.0,2.0) 1.0(1.0,1.0) <0.001 1.0(1.0,2.0) 1.0(1.0,2.0) 1.0(1.0,2.0) 0.015
median
(IQR)
Yearssince SCA 3.6 (1.2,8.1) 4.0 (14,8.2) 2.7(0.8,5.9)  0.123 3.6(1.2,8.1) 3.4(1.1,8.0) 4.7(1.3,8.1) 0.373
diagnosis,
median (IQR)

SD standard deviation, IQR interquartile range

*Videos not conveniently available, unpaired or not meeting quality control

designed to assess the safety, tolerability, and
efficacy of troriluzole in adults with SCA. The
analysis compared the effects of troriluzole with
placebo on gait quality using a series of deep
learning-derived video-based kinematic met-
rics and a novel endpoint, the Pose Dispersion

Index, and explored the association between
Pose Dispersion Index scores at screening and
the total number of falls during the 48-week
follow-up period. The Pose Dispersion Index
represents a dynamic global assessment of gait
quality over time, and in the current application
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Table 2 Characteristics of participants in the troriluzole and placebo treatment groups

Tandem walk Natural walk
Overall Placebo Troriluzole pvalue Overall Placebo Troriluzole  pvalue
n=_67 n=36 n=231 n=56 n=27 n=29
Age,mean (SD) 459 (107) 445(11.6) 47.5(94) 0258 47.3(133) 47.6(140) 47.0(128) 0877
Sex, n (%)
Women 34(507)  18(50.0)  16(51.6)  1.000 37(66.1)  18(667)  19(65.5) 1.000
Men 33(49.3)  18(50.0) 15 (48.4) 19(339)  9(333) 10 (345)
Known genotype
SCAL 4(6.0) 1(2.8) 3(9.7) 0551 11(19.6) 4(148)  7(24.1) 0.559
SCA2 23(343)  14(389)  9(29.0) 14(250)  9(333)  5(17.2)
SCA3 30 (44.8)  15(417) 15 (48.4) 27(482)  13(48.1)  14(483)
SCA6 5(7.5) 3(8.3) 2(6.5) 1(1.8) 0 1(34)
SCA7 2 (3.0) 2(5.6) 0 1(1.8) 0 1(34)
SCAS 1(15) 0 1(32) 2(3.6) 137) 1(34)
SCAI10 2(3.0) 1(2.8) 1(3.2) 0 0 0
Baseline f-SARA
Score, median 4.0 (3.0,4.5) 4.0 (3.0,42) 4.0 (3.0,4.5) 0473 5.0 (4.0,62) 5.0(4.0,6.0) 50(40,7.0) 0.739
(IQR)
Gait item, 1.0(1.0,1.0) 1.0(1.0,1.0) 1.0(1.0,1.0) 0.127 1.0(1.0,2.0) 1.0(1.0,2.0) 1.0(1.0,3.0) 0.724
median
(IQR)
Years since SCA 2.7 (0.8,5.9) 1.7(0.6,43) 3.6(14,9.0) 0.040 47(1.3,8.1) 4.0(0.6,7.7) 5.0(27,92) 0213
diagnosis,
median (IQR)

Pose Dispersion 1.0 (0.6, 1.5) 1.3(0.6,1.5) 0.8 (0.6,1.4) 0.352

Index

3.0(1.6,42) 2.7(1.6,41) 33(2.0,45) 0408

is relevant to those ataxias particularly impact-
ing performance of gait, resulting in unwieldy
and uncoordinated movements of the trunk,
shoulders, and limbs.

To our knowledge, this represents the first
assessment of the treatment effects of a medi-
cation on gait using a video-based Al meas-
urement. On the primary endpoint using this
measure, the effects of troriluzole versus pla-
cebo on the Pose Dispersion Index at 48 weeks,
participants treated with troriluzole exhibited

significant improvement in tandem walk rela-
tive to placebo.

The analysis of paired videos in the natural
walk assessment yielded a trend of improvement
among participants in the troriluzole treatment
group. Although the Pose Dispersion Index at
screening was negatively associated with the fre-
quency of falls [i.e., a more stable gait at baseline
(higher Pose Dispersion Index value) was associ-
ated with fewer subsequent falls], troriluzole had
no effect on the experience of falls.
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Table 3 Adjusted mixed linear model of Pose Dispersion Index during a tandem walk task and natural walk task
Coeflicient SE z P>z 95% CI
Tandem walk
Intercept 0.752 0.395 1.902 0.057 —0.023,
1.526
Arm (troriluzole or placebo) —-0.092 0.172 -0.539 0.590 —-0.429,
0.244
Visit (Week 0 or Week 48) —-0.022 0.155 —-0.140 0.889 - 0.326,
0.282
Arm X visit interaction 0.584 0.228 2.561 0.010 0.137,1.031
Sex 0.208 0.135 1.539 0.124 —0.057,
0.473
Baseline -SARA 0.039 0.057 0.691 0.490 -0.072,
0.151
Age (years) 0.004 0.006 0.633 0.527 —0.008,
0.016
Years since diagnosis -0.016 0.012 - 1.309 0.190 —0.040,
0.008
Individual participant 0.041 0.099 - - -
Natural walk
Intercept 0.197 1.533 0.129 0.898 -2.807,
3.202
Arm (troriluzole or placebo) 0.345 0.824 0.419 0.676 —-1.270,
1.960
Visit (Week 0 or Week 48) 2.425 0.802 3.023 0.002 0.853,3.997
Arm X visit interaction 1.198 1.155 1.037 0.300 - 1.067,
3.462
Sex 0.045 0.615 0.073 0.942 - 1.160,
1.249
Baseline -SARA 0.307 0.162 1.896 0.058 -0.010,
0.625
Age (years) 0.045 0.022 2.008 0.045 0.001, 0.089
Years since diagnosis —0.104 0.064 -1.613 0.107 —-0.230,
0.022
Individual participant 0.000 0.501 - - -

SE standard error, CI confidence interval
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Fig.1 Change in the Pose Dispersion Index during a tandem walk task and a natural walk task at week 48

Table 4 Adjusted Poisson Regression Models® of Fall Counts During Weeks 0 through 48

Coefhicient SE z P>z 95% CI
Natural walk —-0.356 0.174 -2.039 0.041 -0.697,-0.014
Pose Dispersion Index
(per unit increase)
Tandem walk - 0.744 0.622 -1.197 0.231 —1.963, 0.475
Pose Dispersion Index

(per unit increase)

SE standard error, CI confidence interval

*All models further adjusted for age, sex, baseline f~SARA score, time since diagnosis, and treatment arm with offset term for

each participant’s follow-up time

Acknowledging the post hoc nature of the
analysis in a reduced sample, these findings sug-
gest that troriluzole treatment confers improve-
ment in cerebellar and motor function, as
defined by the machine learning video-assessed
metrics captured in the Pose Dispersion Index.

A higher Pose Dispersion Index at baseline
was associated with a lower frequency of sub-
sequent falls for both the natural and tandem

walk assessments, an effect which reached sig-
nificance for the natural walk. The magnitude of
reduction in the number of falls associated with
each unit increase in the Pose Dispersion Index
was greater for the tandem walk task; however,
the greater variance in the data for the tandem
walk impacted the test for statistical significance
which is sensitive to variance. Furthermore, to
attempt the tandem walk, study participants had

A\ Adis



Neurol Ther (2024) 13:1287-1301

1297

to have first successfully completed the natural
walk. Accordingly, those study participants who
performed the tandem walk may have been at
lower risk of falls compared to the overall study
population.

There are strengths and limitations to the
analysis. Strengths include a study sample for
the video-based gait assessments that was demo-
graphically and clinically representative of the
total study population at screening, and which
demonstrated general equipoise between the
troriluzole and placebo treatment groups for
the tandem walk and natural walk assessments.
The use of marker-less motion capture meth-
ods and the Pose Dispersion Index introduces
a novel method of patient assessment which
complements traditional approaches to move-
ment analysis [21], which involve patient self-
reports, clinician observations, and visually
assessed rating scales. This new method can
provide insights into smaller granular changes
in gait which potentially translate into clinically
meaningful differences for patients. The tandem
walk is given less emphasis in conventional
ataxia assessments, as both natural and tandem
gait are considered together in clinical scales.
Accordingly, in our study, the specific applica-
tion of the Pose Dispersion Index to the tandem
walk enables a more intensive investigation of
tandem walk performance.

An intrinsic limitation to this study is that
it was a post hoc analysis on a relatively small
‘convenience’ sample of available videos which
also met quality standards, representing 25.7%
and 30.7% of study participants for the natu-
ral walk and tandem walk, respectively. This
reflects that the videos were initially planned to
enable central adjudication of the clinical assess-
ment of the {-SARA gait item, and, accordingly,
many videos did not meet the quality metrics
needed to support the current analysis. Future
studies for which the estimation of the Pose
Dispersion Index is a pre-specified analysis will
enable the availability of a higher proportion of
videos which meet quality control. Video gait
assessments were only available for screening
and Week 48 study visits; accordingly, patterns
of change in Pose Dispersion Index through-
out the time course of the double-blind study
period could not be analyzed. For technical

reasons, only the first part of the natural walk
task until the half-turn was included in the
video-based gait analysis. Being located further
away from the camera, as the study participant
begins to walk back, the spatial resolution does
not permit sensitive detection of body parts to
ensure the reliable detection of the pose, body
part location, and their inter-relationship. The
turning motion also affects the metrics of the
analysis: for example, the arm which was previ-
ously on the left side crosses to the right side of
the screen, rendering the measurements unin-
terpretable when the direction of movement
changes. Inclusion of just the first part of the
natural walk for the video-based analysis of gait
introduces a potential bias to the analysis as less
data are used, compared to the full observation
of the participant’s gait by the clinical assessor.

Only those study participants who completed
the natural walk task were asked to perform the
tandem walk. Accordingly, those participants
doing the tandem walk may have been less
severely affected by SCA, with a greater pro-
pensity to benefit from active treatment, thus
impacting the likelihood of a significant treat-
ment effect for the tandem walk. Inclusion cri-
teria for the Phase 3 trial included that partici-
pants have an f-SARA score of at least 3 points,
a score of at least 1 point on the gait item, and
that none of the individual f-SARA items have a
score of 4 points. While such inclusion criteria
are suitable in the setting of a pivotal efficacy
trial to ensure enrolment of a trial population
which has the potential to benefit from active
treatment, the selected population did not rep-
resent the full spectrum of ataxia severity. It is
currently unknown how the Pose Dispersion
Index would perform in a broader ataxia patient
population.

Another limitation is the use of an open-
access dataset for pose estimation that was pre-
trained in a normative healthy population [38,
39]. This was done to avoid overfitting that
would have been introduced by fine-tuning
the model using the videos used for treatment
estimation.

Further research is needed to understand
the feasibility of using the Pose Dispersion
Index for patient assessment in routine clinical
practice. Areas for future research also include
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understanding the clinical meaningfulness of
the Pose Dispersion Index from the patient and
caregiver perspective, how numeric changes in
the Pose Dispersion Index link to specific patient
impacts, and the clinical meaningfulness of an
improvement in the measure when there has
not been a statistically significant change in con-
ventional clinical measures such as the SARA.

CONCLUSIONS

Video-based kinematic analysis of gait provides
a complementary method to clinician-reported
assessment in movement disorders. Using this
novel approach, troriluzole treated subjects
demonstrated improvement in gait as compared
to placebo for the tandem walk. A higher Pose
Dispersion Index, indicating more stable gait,
was associated with lower frequency of subse-
quent falls in exploratory analyses.
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