Trunk acceleration-derived gait indexes and symmetry metrics
describe the gait abnormalities of subjects with trunk lateral
postural abnormalities in subjects with Parkinson's disease
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Lateral postural abnormalities affect
~20% of people with Parkinson’s disease (pwPD),
presenting as lateral trunk flexion (=5° to <10°)
(pwPDLF ) or Pisa syndrome (>10°) (pwPDPISA )
[1, often undetected by conventional gait
parameters [2].

This study aimed to evaluate whether
spatio-temporal and kinematic parameters-derived
symmetry indices (Sl), symmetry ratios (SR), and
symmetry angles (SA) and trunk acceleration-derived
gait indexes (TADI) characterize gait abnormalities in
pwPD with lateral postural abnormalities.

We included 106 pwPD categorized into 3 postural classes via optoelectronic measurement of the
angle between C7 and sacrum on the frontal plane during static upright standing position [1]: 64 without
postural abnormalities (pwPDnpa), 22 pwPDLF, and 20 pwPDPISA. Gait data were collected using a lumbar-
mounted mIMU over a 30-meter walk. Forty-two age and gait speed-matched healthy subjects (HS). We
extracted SR, SlI, SA, and harmonic ratios (HR), log-dimensionless jerk, recurrence quantification metrics
(RQAdet, RQArec), multiscale sample entropy, and Lyapunov exponents in the three acceleration directions
[3]. ANCOVA adjusted for clinical covariates identified features differentiating pwPD classes and HS. Feature
selection refinement used correlation filtering and Sequential Backward Selection (SBS). Synthetic data were
generated using Bayesian-tuned CTGAN and TVAE to achieve a target of 100 samples per class and validated
with Train-on-Synthetic-Test-on-Real (TSTR). Random Forest classifiers were trained and evaluated with 5-
fold cross-validation. Performance metrics included macro-averages and overfitting gap analysis. Model
explainability was enhanced with AnchorTabular (ALIBI framework)
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associations. The optimal selected subset (SRstance,
RQAdetML, HRAP, SRstridelength) yielded a balanced
accuracy of 0.72. Synthetic data realism was
supported (AUCs<0.50; TSTR accuracy= 0.56=0.11),
particularly improving minority class representation.
The best classifier (HRAP + SRstance + RQAdetML)
achieved validation (F1 = 0.75, AUC = 0.90), with
minimal overall overfitting (gap = 0.25). Class-wise
precision and recall exceeded 0.78 and 0.71,
respectively (Fig.1).

—7 55°CONGRESSO

SOCIETA ITALIANA

24-28 Ottobre 2025

characterize pwPD gait dysfunction across lateral
trunk postural abnormalities. Synthetic
augmentation strengthened classification under
class imbalance, validating the clinical relevance
of inertial gait metrics for characterizing pwPD
with postural abnormalities.

[1] Tinazzi M, et al. Movement disorders clinical practice; 2022; vol.
9,5: 594-603.

[2] Tinazzi M, et al. Movement disorders; 2016; vol. 31,12:1785-1795.
[3] Patterson KK, et al. Gait & posture; 2009; vol. 31,2: 241-6.

SAPIEN

DI NEUROLOGIA

Padova Congress



	Diapositiva 1

