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Abstract: Spinal cord injury (SCI) has a high disability rate, often leaving patients with permanent motor
dysfunction and imposing a heavy burden on individuals, families, and society. Rodent models, owing to their low cost,
short generation time, and well-established methodologies, offer superior feasibility and scientific validity compared to
large animal models such as primates, and have become the mainstream choice for preclinical research. However, current
motor function assessment tools for rodent SCI models are generally plagued by prominent subjective bias, insufficient
quantitative accuracy, and poor inter-laboratory reproducibility, which seriously hamper the objective evaluation of
therapeutic efficacy. In recent years, technologies such as visual pose reconstruction and synchronous electrophysiological

recording have achieved multiple breakthrough advances in functional assessment of rodent SCI models, and the
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construction of multimodal integrated assessment systems has also shown great potential to compensate for the inherent

limitations of single-modality evaluation methods. This review systematically summarizes recent progress in the

application of various assessment technologies in SCI research, covering the technical characteristics and limitations of

traditional behavioral assays, electrophysiological detection, and deep learning-based pose tracking, with a special focus

on the synergistic advantages and existing bottlenecks of the temporally synchronized, multi-dimensional cross-validated

multimodal assessment framework. The continued refinement of multimodal integrated assessment systems will open

new avenues for SCI repair research and standardized preclinical efficacy evaluation, while simultaneously providing

critical methodological support.
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Figure 1 Existing methodological framework for motor function assessment in rodent spinal cord injury
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Note: (a) Classic evaluation methods include behavioral methods and electrophysiological techniques; (b) motion quantification

methods based on visual pose reconstruction consist of marker-based pose tracking and marker-free pose tracking; (c) the

multimodal fusion method, by using a multimodal synchronous acquisition platform, supports the synchronous acquisition of

various types of signals such as behavioral videos, electrophysiological signals, and posture data, and achieves time sequence

alignment and multi-source data acquisition through a unified clock.
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Figure 2 Schematic diagram of the future development framework for multimodal motor function evaluation system
in rodent spinal cord injury
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Note: (a) The development of standardized datasets and collection norms involves multi-center joint exploration to
enable data interoperability and the establishment of standardized collection norms and databases; (b) the construction of an
integrated software and hardware platform includes building a new solution for Al-assisted deep learning pose tracking
and reconstruction, alongside the advancement of wireless multi-channel signal acquisition technologies; (c) the development
of high-dimensional data analysis and visualization involves the acquisition and analysis of multi-dimensional data related to
neuro-motor-functional correlation, as well as the construction of recovery curves based on multi-dimensional data for the

identification of optimal intervention windows.
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Table 1 Overview of motor functional assessment methods in rodent models of spinal cord injury
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