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ABSTRACT: BackgroundBackground: Axial postural abnormalities (APAs) are frequent and disabling axial symptoms of
Parkinson’s disease (PD). Image-based measurement is considered the gold standard but may not accurately
detect the true severity of APAs because these symptoms can appear or get worse under dynamic conditions.
ObjectiveObjective: The aim was to evaluate quantitative changes in APAs degree during prolonged standing and
walking in both single- and dual-task conditions (motor + cognitive).
MethodsMethods: We measured the degree of anterior and lateral trunk flexion (LTF) of 16 PD patients using
AutoPosturePD during 4 tasks of 3 min each: (1) standing in place in a quiet condition, (2) standing in place
while reading, (3) walking without performing other tasks, and (4) walking performing a cognitive task.
ResultsResults: During prolonged standing, we found a significant LTF worsening under both single- and dual-task
conditions over time (P: 0.010 and 0.018); anterior trunk flexion (ATF) with thoracic and lumbar fulcrum showed
a significant worsening only under dual-task conditions (P < 0.05). All trunk flexion angles were higher during
dual task compared to single task, and the difference in dual task was already statistically significant after
1 min. During walking, only ATF with lumbar fulcrum showed a significant worsening (P < 0.05), observed in dual
task already after 1 min.
ConclusionsConclusions: Our pilot study suggests that one minute standing while reading may be sufficient to obtain a
more reliable measure of the severity of LTF and ATF, with an expected change of � 7� for LTF and ATF with
thoracic fulcrum and 11� for ATF with lumbar fulcrum.

Axial postural abnormalities (APAs) are frequent, disabling, and
often painful motor complications of Parkinson’s disease (PD).1

They consist of abnormal trunk flexion appearing in the upright
position, interfering with dexterity and daily-life activities.2,3 It
has been estimated that over 20% of PD patients may develop
one or more APAs such as camptocormia and Pisa syndrome or
their milder forms.1–3 The heterogeneity in their classification
and the assessment methods has contributed to the elusive

epidemiology, pathophysiology, and evidence regarding the
effect of therapeutic strategies, including dopaminergic therapy,
physical therapy, botulinum toxin, and deep brain stimulation.3

Recently, a task force of the International Parkinson and Move-
ment Disorders Society (MDS) developed a consensus for harmo-
nizing nosology, classification, and cutoffs defining APAs in PD.2

The consensus relied on a photo-based, semiautomated method,
namely NeuroPostureApp, for measuring trunk flexion angles in
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PD patients using image analysis of individuals in a static standing
position.2,4 Subsequently, a new software, AutoPosturePD, was
developed to enable the automatic capture of trunk flexion angles,
simplifying the clinical evaluation of static posture.5,6

However, these image-based measurements may not accu-
rately detect the true degree angle because APAs might appear
or get worse under dynamic conditions, such as during walking
or under dual-task situations, resulting in different degrees of
severity when compared with the static assessment.7,8

APAs interfere with numerous patient’s everyday activities
that may require the concurrent execution of motor and cogni-
tive tasks, such as talking while walking. Previous studies have
demonstrated that these tasks contend for similar cognitive
resources and may lead to a decreased performance in one or
both tasks, also known as “cognitive-motor interference” and
quantified experimentally by the dual-task cost.7,9,10,11 When
complex tasks occur, healthy subjects prioritize the motor com-
ponent over the cognitive one, namely “posture first” strategy,
to preserve their position.12 PD patients are unable to properly
reallocate attentional resources, prioritizing posture, because of
difficulties in performing 2 tasks simultaneously, which may
impair the involuntary ability to keep their trunk straight. The
consequences are limitations in mobility, reduced autonomy in
real-life settings, and increased risk of falling. Therefore, the eval-
uation of APAs during walking and dual-task conditions is cru-
cial for detecting the true degree of APAs.

To evaluate APAs in these conditions, we upgraded the
AutoPosturePD software and performed an exploratory study
using the automatic video analysis of APAs according to MDS
Task Force–proposed criteria2 during standing and walking in
both single- and dual-task conditions. Our hypothesis is that
APAs in PD patients may worsen under different and prolonged
dynamic/dual-task conditions and that these differences may be
captured by a simple, automated video analysis with possible rel-
evant implications from research and clinical standpoints.

Patients and Methods
Subjects
Sixteen PD patients with different degrees of anterior trunk
flexion (ATF) or lateral trunk flexion (LTF) while standing
were consecutively enrolled at the Movement Disorders Cen-
ter of the University Hospital of Verona, Italy. Inclusion
criteria were clinically established PD according to the 2015
Movement Disorder Society diagnostic criteria13; presence of
isolated or combined forms of camptocormia with thoracic
fulcrum, lumbar fulcrum, or Pisa syndrome or milder forms
according to consensus-based criteria2; modified Hoehn &
Yahr stage 2 or 3; and ability to walk for 3 consecutive
minutes unassisted in the on medication state (crutches or
canes were allowed). Exclusion criteria were patients with
concomitant diseases other than PD affecting gait and posture,
dementia or severe depression, psychiatric comorbidities,

diagnosis of atypical parkinsonism (ie, multiple system atro-
phy, progressive supranuclear palsy, and cortico-basal syn-
drome), and under treatment with medications possibly
causing APAs (neuroleptics other than clozapine or quetiapine
and antiemetics, except for domperidone) in the 6 months
prior to enrollment; history of exposure to antipsychotics, val-
proate, and anticholinergics; and history of other neurological
diseases, orthopedic diseases affecting gait or posture, and major
spine surgery. Clinical assessment and video analysis were per-
formed when participants were in the on medication state to mini-
mize variability due to motor fluctuations. We excluded patients
with moderate–severe dyskinesia in the on medication state to
minimize the risk of inaccurate posture analysis in dynamic upright
positions. All participants provided informed consent to participate
in this study, which was approved by the local Ethics Committee
and conducted in accordance with the Declaration of Helsinki.

General Assessment
The following clinical and demographic characteristics were
collected: sex (male, female); age (years); disease duration (since
PD diagnosis, years); modified Hoehn & Yahr scale; the MDS
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS), Part
III; PD motor phenotype (postural instability/gait disorder
[PIGD], tremor dominant, or indeterminate);14 the type, dura-
tion, and degree of camptocormia; Pisa syndrome or milder
forms such as ATF and LTF according to MDS criteria2; the
type of walking aids; the Mini Balance Evaluation System Test
(Mini-BESTest) score; and the ongoing dopaminergic therapy.

Postural Analysis
Patients were assessed during standing and walking tasks by a
continuous video recording using 2 depth cameras (Realsense
D415, Intel, Santa Clara, CA, USA). Patients’ posture was
assessed using an upgraded version of AutoPosturePD soft-
ware5 for postural angle calculation, which automatically
assesses the degrees of trunk flexion from RGB-D cameras
following the MDS Task Force criteria2 during dynamic con-
ditions. The degrees of trunk flexion were automatically cal-
culated in real time showing posture variations in degrees
during prolonged standing and during walking. The angle of
ATF with thoracic fulcrum, the angle of ATF with lumbar
fulcrum, and the angle of LTF were calculated according to
validated criteria.2 The experimental setup is shown in
Figure 1.

Patients were asked to perform 4 tasks of 3 min each:
(1) comfortable standing in place in a quiet condition (stand-
ing single task—s.standing), (2) comfortable standing in place
while reading a text (standing dual task—d.standing), (3) walk-
ing back and forth without speaking or performing other tasks
(walking single task—s.walking), and (4) walking back and
forth counting back aloud from 100 to 0, subtracting 7 (walk-
ing dual task—d.walking). During dual-task conditions, par-
ticipants were asked to focus their attention primarily on the
countdown, aiming for accuracy in the cognitive task.
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Whenever a mistake was made, the experimenter provided the
correct number, prompting the participant to resume the subtrac-
tion from that point. Videos were taken during the entire time of
the tasks. During standing tasks, patients were instructed to look
forward without exaggerated head movements. During walking
tasks, patients were required to walk straight at a self-selected com-
fortable speed in the middle of a lane. For each task, patients were
assessed in their underwear or (in case of impossibility of taking off
their clothes), with a tight-fitting jumpsuit to allow a more precise
angle calculation from the AutoPosturePD software analysis. The
same sequence of tasks was used for each patient, with an interval
of at least 5 min between tasks. More details on setting, tasks, and
angle measurements are provided in Supplementary Material S1.

Statistical Analysis
Descriptive statistics with median, range, and frequency were
used for continuous and categorical variables. The following data
were extracted from the continuously recorded posture angle
values by the software: the median value of the postural
angle during standing tasks recorded over a 30-s interval and the
median value of the postural angle in walking tasks recorded dur-
ing each cycle of the 6-m path completed by the patient. There-
fore, we used for each patient the values of postural angles as the

median values of a 5-s window obtained at baseline (T0) and at
1 min (T1), 2 min (T2), and 3 min (T3) for the analyses. The
rationale for using a time window rather than a single-point
measurement was 2-fold: first, to compensate for potential mea-
surement jitter, and second, to mitigate temporary movements
due to the resetting of the patients’ posture.

For each task, the degrees of trunk flexion were analyzed over
time comparing the changes at different time points using a
one-way repeated-measures analysis of variance (ANOVA). To
explore the differences between one task and another (single vs. dual
task and standing vs. walking), we performed a two-way repeated-
measures ANOVA test where we combined the independent vari-
able of time (T0, T1, T2, T3) with the second independent variable
represented by the patient’s task (single task vs. dual task).

To evaluate the interference of the cognitive task on the
degree of trunk flexion, we calculated the dual-task cost using
the following formula [4]: dual-task cost (%) = �(DT – ST)/
ST � 100, where DT is the performance at the dual task and
ST the performance at the single task, using posture angles at
T3. To facilitate the interpretation of the data, a minus symbol
was added before the numerator subtraction. In this way, posi-
tive values represent more cost during the DT than the ST,
indicating a worsening of posture driven by the cognitive
task.15 Spearman’s correlation between the change in ATF and

FIG. 1. Setup for recording patient videos.
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LTF degrees between T0 and T3 and the Mini-BESTest score
and UPDRS, Part III, score was performed. The α level was set
at 0.05. Statistical analysis was performed using IBM SPSS Sta-
tistics version 26.0 for Macintosh.

Results
Clinical Features of PD
with APAs
The main demographic and clinical characteristics of the 16 PD
patients included in the study are summarized in Table 1. All
patients had 1 or more APAs. A total of 7 patients satisfied the
criteria of camptocormia with lumbar fulcrum, with the degrees
of trunk bending ranging from 31 to 62.7. ATF with lumbar ful-
crum was found in 5 patients, with the degrees of trunk bending
ranging from 19.2 to 28.6. A normal ATF with a lumbar fulcrum
was found in 4 patients, with the degrees of trunk bending rang-
ing from 1.9 to 13.8. Five patients satisfied the criteria of camp-
tocormia with thoracic fulcrum, with the degrees of trunk
bending ranging from 45.7 to 58.8. ATF with thoracic fulcrum
was found in 9 patients, with the degrees of trunk bending rang-
ing from 25 to 43.7. A normal ATF with thoracic fulcrum was
found in 2 patients, with the degree of trunk bending of 12.6
and 18.3, respectively. One patient satisfied the criteria of Pisa
syndrome, with 16.3 degrees of trunk bending. LTF was found
in 6 patients, with the degrees of trunk bending ranging from
5 to 9.3. A normal LTF was found in 9 patients, with the degrees
of trunk flexion ranging from 0.1 to 4.5.

Three-Minute Standing (Single
and Dual Tasks)
We found a significant worsening of LTF over time under
single-task (P: 0.010) and dual-task (P: 0.018) conditions. The

average flexion degree over 1, 2, and 3 min increased 1.4�, 2.1�,
and 1.9�, respectively, in single task and 7.8�, 7.2�, and 6.6� in
dual task. The difference was observed over time, with the
highest difference in the median values at the second min for
the single task and after 1 min for the dual task.

ATF, both at the lumbar fulcrum and at the thoracic fulcrum,
showed significant worsening over time only in dual-task condi-
tion (P: <0.001 and P: 0.001, respectively), showing a statistically
significant difference already at the first min (P: 0.006 and P:
0.011, respectively) (Table 2; Fig. 2).

The average flexion degree of ATF with thoracic fulcrum
over 1, 2, and 3 min increased 7.4�, 6.7�, and 6.7�, respectively.
The average flexion degree of ATF with lumbar fulcrum over
1, 2, and 3 min increased 10.8�, 10.9�, and 12.3� respectively.

Three-Minute Walking (Single
and Dual Tasks)
We found a significant worsening of ATF at the lumbar fulcrum
over time in both single-task (P: 0.025) and dual-task conditions
(P: 0.004). The average flexion degree over 1, 2, and 3 min
increased 4.5�, 5.1�, and 6.1� in single task and 5.9�, 6.5�, and
7.2� in dual task, respectively. The difference was observed over
time, with the highest difference at the third min for the single
and dual tasks, and a statistically significant difference already pre-
sent after 1 min (P: 0.048) for the dual task.

No significant difference over time while walking was
observed in the LTF nor in the ATF at the thoracic fulcrum
(Table 3; Fig. 3).

Explorative Comparison
between Different Tasks and
Dual-Task Interference
The comparison of single-task versus dual-task prolonged
standing showed significant differences in all the postural

TABLE 2 Comparison of trunk bending degrees over 3 min of static standing

Standing Task df F P-value Pairwise P-value

Lateral trunk flexion/Pisa syndrome Single task 1.800 5.904 0.010 T0 vs. 3 min, P: 0.054

Dual task 1.836 4.925 0.018 T0 vs. 1 min, P: 0.073

Anterior trunk flexion/camptocormia
with thoracic fulcrum

Single task 1.240 0.414 0.571 –

Dual task 2.217 8.080 0.001 T0 vs. 1 min, P: 0.011
T0 vs. 2 min, P: 0.017
T0 vs. 3 min, P: 0.016

Anterior trunk flexion/camptocormia
with lumbar fulcrum

Single task 1.815 1.435 0.255 –

Dual task 1.259 14.905 <0.001 T0 vs. 1 min, P: 0.006
T0 vs. 2 min, P: 0.007
T0 vs. 3 min, P: 0.009

Values in bold font indicate statistically significant difference.
P-values refer to one-way ANOVA (analysis of variance) analysis, with post hoc pairwise comparisons.
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FIG. 2. Charts representing the degree of trunk bending during single and dual tasks while standing.

TABLE 3 Comparison of trunk bending degrees over 3-min of walking

Walking Task df F P-value Pairwise P-value

Lateral trunk flexion/Pisa syndrome Single task 1.685 0.473 0.597 –

Dual task 1.381 1.677 0.218 –

Anterior trunk flexion/camptocormia with thoracic
fulcrum

Single task 2.208 1.199 0.317 –

Dual task 1.704 0.253 0.743 –

Anterior trunk flexion/camptocormia with lumbar
fulcrum

Single task 1.541 4.811 0.025 T0 vs. 1 min, P: 0.302
T0 vs. 2 min, P: 0.227
T0 vs. 3 min, P: 0.132

Dual task 1.443 8.763 0.004 T0 vs. 1 min, P: 0.048
T0 vs. 2 min, P: 0.030
T0 vs. 3 min, P: 0.038

Values in bold font indicate statistically significant difference.
P-values refer to one-way ANOVA (analysis of variance) analysis, with post hoc pairwise comparisons.
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angles, with worse ATF at the thoracic fulcrum (P < 0.001),
ATF at the lumbar fulcrum (P: 0.002), and LTF (P: 0.027)
during d.standing. The comparison of single-task versus dual-
task walking showed a trend of worsening of the ATF at the
lumbar fulcrum during the performance of the d.walking
when compared to the s.walking, albeit not reaching the sig-
nificant statistical threshold (P: 0.088). No other postural
angles showed significantly different behavior comparing
single-task and dual-task walking (Table 4).

Comparing the s.standing with the s.walking tasks, we
observed a significantly worse angle in the ATF at the lumbar
fulcrum while walking (P: 0.019). No significant difference
appeared in the ATF at the thoracic fulcrum and in the LTF
between the s.standing and the s.walking tasks. Comparing the
d.standing with the d.walking tasks, we observed a significantly
worse angle in the ATF at the thoracic fulcrum while standing

(P: 0.019), in the absence of significant differences in the ATF at
the lumbar fulcrum and in the LTF (Table 4).

We observed a dual-task interference in the degree of trunk
flexion after 3 min of static standing in the ATF thoracic (�18%)
and lumbar (�28.3%) fulcrum and LTF (�70%). We found a
dual-task interference in the degree of trunk flexion after 3 min
of walking standing in the ATF lower (�2.9%) and LTF
(�4.3%) (Fig. 4).

Correlation between Motor and
Balance Impairment
and Changes in Posture
We found a significant direct correlation between the severity of
motor impairment (MDS-UPDRS, Part III, score) and the

FIG. 3. Charts representing the degree of trunk bending during single and dual tasks while walking.
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change in the ATF at the thoracic fulcrum during d.standing (r:
0.66, P: 0.006). No other correlations were observed during the
different tasks with other postural angle changes, nor were corre-
lations found with Mini-BESTest.

Discussion
In this study, we proved the feasibility and usefulness of dynamic
recording of APAs in PD using ad hoc software and 2 cameras
for automatic analysis of posture. The AutoPosturePD enabled
the assessment of the angle of trunk flexion both during static
and dynamic and during single (motor) task and dual (motor–
cognitive) task conditions. In addition, the analysis of data
acquired by this first study allowed us to draw some interesting
findings regarding the behavior of APAs in different dynamic
conditions, which is still an unexplored research area. We
observed different behaviors of postural angles analyzed
depending on the task. Specifically, we found a significant wors-
ening of the degree of LTF during prolonged standing, under
both single- and dual-task conditions; conversely, ATF (both at
the lumbar fulcrum and at the thoracic fulcrum) showed signifi-
cant changes only while performing the dual task. During walk-
ing, only patients with ATF with lumbar fulcrum exhibited a
significant worsening of the degree over 1, 2, and 3 min under
dual-task condition. These results suggest that 1 min of static
standing while reading may be sufficient to obtain a reliable
degree of ATF and LTF.

The pathophysiology of APAs in PD still needs to be eluci-
dated, and several causes may concur with their onset and
worsening, such as central mechanisms (eg, imbalance in basal
ganglia functioning leading to dystonia/rigidity, altered
sensory–motor integration, higher cognitive function deficits)
or peripheral mechanisms (ie, alteration in the musculoskeletal
system).3,16 It is largely known that PD patients may often
have dual-task difficulties involving both motor and cognitive
functions,17 and the presence of APAs adds an additional chal-
lenge. APAs proved to be a source of disability during daily-
life activities of PD patients, leading to a worse quality of life.
Several actions during daily life have the potential for nega-
tively affecting the posture of PD patients, as activities like
talking, counting, and walking compete for similar cognitive
resources, and may lead to the so-called “cognitive-motor
interference.”7,9–11 PD patients, in particular, show more
severe motor impairment in the motor–cognitive dual-task
condition, and this specific issue can impair the ability to keep
the right posture. It is difficult to explain the reasons why
ATF and LTF may exhibit different behaviors under dual-task
standing and walking, as observed in our study; interestingly,
there are some clues from the literature supporting different
pathophysiology underpinnings not only between LTF and
ATF but also between ATF at the thoracic fulcrum and ATF
at the lumbar fulcrum.4,18 One possible explanation to the
observation that posture tends to worsen more during pro-
longed standing than walking while performing a dual task isT
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that the motor task of walking might positively influence pos-
tural correction by directing attention to movement (also
considering the frequent direction changes while walking
back and forth), whereas prolonged standing might lead to a
decline in attention. This observation suggests that dynamic
postural worsening in PD is more related to attentional and
visuospatial control rather than fatigue.19

The comparison of single-task versus dual-task prolonged
standing showed significant differences in all the postural angles,
with worse ATF at the thoracic fulcrum, ATF at the lumbar
fulcrum, and LTF during dual-task standing. Comparing the
single-task standing with the single-task walking, we observed a
significantly worse angle in the ATF at the lumbar fulcrum while
walking.

Noteworthy, MDS-UPDRS, Part III, or Mini-BESTest did
not correlate with changes in postural angles during prolonged
standing or walking, with the exception of ATF at the thoracic
fulcrum. In fact, ATF worsening during 3 min of motor–
cognitive task showed a correlation with higher MDS-UPDRS,
Part III, scores, suggesting that walking while performing a cog-
nitive task may interfere with the ability to keep the trunk
straight at a thoracic level. The consequences are limitations in
mobility, reduced autonomy in real-life settings, and increased
risk of falling.

Overall, we believe that these findings hold significant impli-
cations for clinical practice. Image-based measurements may not
accurately detect the true degree angle because APAs may appear
or get worse under prolonged/dynamic conditions, such as dur-
ing walking or under dual-task situations, resulting in different
degrees of severity when compared with the static assessment.
Therefore, professionals such as movement disorders experts,
neurologists, physiatrists, and physiotherapists working with PD
patients require a reliable, easy-to-use, and time-efficient tool for
the early detection, diagnosis, and monitoring of APAs. To the
best of our knowledge, only 1 study was recently published eval-
uating the effectiveness and validity of the subjectively rated
2-min standing endurance test for capturing temporal changes in
APAs in patients with PD.8 The authors demonstrated some

changes in the ATF with lower fulcrum over time after 2 min;
however, they did not determine temporal angle changes for
ATF with thoracic fulcrum using the upper camptocormia
method, which is the most frequently reported in PD.2,4

Our study showed that AutoPosturePD can detect the degree
of postural change in patients with different PD severity, even
those supported by a walker, and includes both the LTF and
ATF with upper and lower fulcrum. Moreover, differently from
the previous study,8 we demonstrated that less time is
necessary—1 min during dual task— to objectively detect the
real degree of APAs.

Such a monitoring is relevant for different reasons: (1) better
characterization of the “natural history” of APAs in PD, (2) detec-
tion of changes resulting from pharmacological and non-
pharmacological (ie, physical therapy) interventions, and (3) early
detection of mild forms of ATF or LTF to provide recommenda-
tion and treatments possibly impacting their evolution in severe
forms like camptocormia and Pisa syndrome. Therefore, the pos-
sibility to easily assess posture in a more reliable and ecologically
valid way (eg, in dynamic condition and with the interference of
cognitive performances) can offer a useful source of information
for research and clinical practice.

Our study is not without technical limitations, which may
reduce the applicability of the AutoPosturePD in clinical prac-
tice. Possible measurement errors can occur mainly due to
(1) inadequate clinical setting, (2) poor environmental light,
(3) improper camera position, or (4) inadequate chromatic con-
trast between the color of patient’s skin/underwear and the
background, as already reported in previous studies.5,6 Therefore,
it is important to get the full image of the patients, possibly with-
out clothes, and with a correct height and distance between the
camera and the patient. Moreover, not every place is suitable for
taking the image because a certain degree of chromatic contrast
is needed for the maximum reliability of the assessment. The
technical artifact of image distortion, which could possibly intro-
duce a bias in reliable angle calculation, was limited by the ade-
quate distance of cameras from the patient’s path and by the use
of data extraction during walking tasks of time frames, including

FIG. 4. An example of the change in posture (anterior trunk flexion) over time while standing during a reading task.
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the proper alignment of patients and cameras (see Supplementary
Material S1; Fig. 1). We did not encounter technical issues with
the use of the software and, for each patient, an investigator
made revision of angles calculated by the software using a visual
inspection of videos and, in cases of doubts, compared the auto-
matic angles of frames with the standard angle calculation based
on images.2 No signs of inaccuracy in angle calculation were
found, also considering 4 patients presenting mild limb
dyskinesia.

Regarding the clues obtained by the postural behavior of
patients, it is important to highlight that we have included a
small sample of patient videos obtained by a center with experi-
ence in movement disorders and only on camptocormia and
Pisa syndrome, excluding antecollis, another invalidating APAs.
A wider, multicenter validation is therefore recommended before
the implementation of the AutoPosturePD into clinical practice.
Another aspect to be taken into account for the generalizability
of the results is the use of a fixed sequence of tasks, which might
influence the between-task comparison due to fatigue. More-
over, we did not perform a formal neuropsychological assess-
ment, which could be relevant especially considering the
influence of cognitive tasks on posture. Finally, some patients
used a walking aid during the tasks. This aspect can be inter-
preted as strength of the work for its real-life connotation and
the demonstration of trunk posture measurement also in patients
using walking aids; however, it can somehow affect the posture
evaluation, and this is something to be verified in future studies.
All these possible biases should be considered in future studies
using videos to assess posture under dynamic conditions in PD.

These limitations notwithstanding, these results suggest that
1 min of static standing while reading may be sufficient to obtain
a true degree of LTF and ATF. The ATF at the lumbar fulcrum
seems the only APAs for which a walking test with a cognitive
dual task should be necessary to reliably disclose the severity of
trunk flexion.

Regarding the potential future applicability of AutoPosturePD
in clinical studies (including trials) and in clinical practice, it is
important to highlight that this technique currently has some
technical constraints. These include the requirement of an ade-
quate room (spacious and with appropriate lighting and back-
ground conditions) and the proper positioning of 2 cameras, as
well as technical expertise and resources to run the software (ie,
adequate computer specifications and sufficient hard disk space
for video storage), which can also be time consuming. Improve-
ments in the software and validation of patient assessments (eg,
requiring only 1 min of standing to capture the most clinically
meaningful severity of APAs) could simplify the process and
make the technique more feasible for widespread adoption in
both research and clinical practice.

In conclusion, we believe that the new software presented in
this study has the potential to become an easy-to-use tool foster-
ing uniformity in the assessment of APAs in research studies and
also in clinical practice to use under the dynamic conditions to
assist health carers involved in the assessment and management of
PD for the early detection, diagnosis, and management of APAs,
which deserve prompt management interventions.
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