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Introduction
Spinal cord injury (SCI) is a life-altering condition that affects over 18,000 
new individuals in the United States each year and millions worldwide 
(3). The resulting motor and sensory impairments significantly reduce 
quality of life, and current treatment options offer limited functional 
recovery. Efforts to develop effective therapies for SCI require reliable 
and sensitive preclinical models capable of detecting meaningful 
changes in motor function. Traditional rodent behavioral assays, such as 
the Basso, Beattie, Bresnahan (BBB) scale or open field testing, rely on 
observer scoring and may lack the sensitivity to detect subtle or region-
specific motor deficits (1). These limitations can hinder the evaluation of 
therapeutic efficacy and delay translational progress.

To address these challenges, we developed and employed an 
experimental workflow using the MotoRater system—an AI-enhanced, 
high-resolution motion analysis platform that tracks precise kinematic 
features across multiple anatomical landmarks (2). This system enables 
objective, data-rich assessments of locomotor function over time. By 
establishing a standardized pipeline for evaluating motor deficits in a 
rodent model of cervical SCI, we improve the sensitivity and 
reproducibility of behavioral outcome measures and enable the 
development of effective SCI therapeutics.

Methods/Materials

Methods/Materials

●CKS enabled clear visualization of motor deficits and recovery over the 28-day post-injury 
timeline.

●Significant reduction in CKS was observed by day 7 post-injury, indicating acute locomotor 
impairment following cervical hemi-contusion.

●Functional recovery began by day 14.

●Despite improvements, no animal fully returned to baseline locomotor performance within the 
4-week period, leaving a large dynamic range for the assay to detect efficacy of experimental 
therapeutics.

●Results show that the MotoRater system + CKS analysis effectively captured:

●The CKS result is full explainable. This can be accomplished by performing correlation 
analyses between CKS scores and individual kinematic parameters to identify the specific 
parameters underlying the major drivers of CKS changes. 

Results

Discussion

Traditional behavioral assessments may lack the sensitivity to detect 
subtle but clinically relevant changes in motor performance. In contrast, 
the use of the MotoRater system combined with our lab’s CKS analytical 
workflow provide a high-resolution and objective method for evaluating 
functional recovery following cervical SCI in rodents. 

The observed marked reduction in CKS at and recovery trajectory post-
injury align with the clinical literature. Although gradual improvements in 
CKS were detected beginning at day 14, none of the animals returned to 
their pre-injury baseline over the six-week study period. This finding is 
consistent with previous work demonstrating limited spontaneous 
recovery after moderate cervical injury, particularly in the absence of 
targeted therapeutic intervention (4).

These results validate the MotoRater-CKS pipeline as a sensitive and 
scalable approach for assessing motor outcomes in preclinical SCI 
models. Importantly, this system enables longitudinal monitoring within 
the same subjects, reducing inter-animal variability and enhancing 
statistical power.

Future studies will leverage this platform to evaluate the efficacy of novel 
pharmacologic compounds currently under development in the Ali Lab. 
Additionally, the modular nature of the CKS approach allows for 
adaptation to other models of CNS injury or disease.

Animal Housing and Handling 
• Adult male Sprague-Dawley rats (250–300g) were used to establish 

a cervical SCI model. Animals were housed in a temperature-
controlled environment on a 12-hour light/dark cycle. All rats had ad 
libitum access to food and water.

• All procedures were conducted in accordance with the National 
Institutes of Health (NIH) guidelines and approved by the Institutional 
Animal Care and Use Committee (IACUC) at the University of Miami 
Miller School of Medicine.

• Prior to surgery, all animals underwent 2 training sessions.
• Behavioral baseline was recorded using the MotoRater system to 

establish individual locomotor profiles. (Figure 1.1)

Surgical Procedure 

• To model clinically relevant cervical spinal cord injury and assess 
region-specific deficits in forelimb and trunk motor function, a moderate 
and reproducible injury model was used. 

• All rats underwent a laminectomy at the C5 vertebral level, followed by 
a C5/6 right hemi-contusion. The injury was induced using the Infinite 
Horizon (IH) impactor, delivering a force of 170 kilodynes with 0 dwell 
time via a 1.25 mm diameter impactor probe. (Figure 1.2)

Behavioral Assessment 
• Conducted at 7, 14, 21, and 28 days post-injury (dpi) to monitor 

locomotor function.

• 5 videos per animal per time point were recorded as technical 
replicates. (Figure 1.3)

• The MotoRater system with AI-enhanced tracking of anatomical 
landmarks (forelimbs, hindlimbs, trunk, tail) was used. 

• High-dimensional spatiotemporal gait data for precise movement 
analysis was generated.

• This enabled detection of subtle changes in motor performance over 
time.

Data Analysis

• 5 technical replicates were averaged to produce one dataset per 
animal per time point.

• Principal Component Analysis (PCA) was performed in MATLAB on 
combined dataset to identify key components explaining behavioral 
variance. (Figure 1.4)

• A composite kinematic score (CKS) was calculated in MATLAB by 
projecting datapoints in PC1–PC2 space along the injury–recovery 
axis. (Figure 1.5)

• CKS plotting and statistical analysis were performed using GraphPad 
Prism. (Figure 1.6)

Figure 1: MotoRater-Based Pipeline for Objective Gait Analysis and Functional Recovery Scoring Post-SCI

Figure 2: Quantitative Tracking of Functional Recovery Using CKS Data is presented as mean ± SEM, n=4. **for p value ≤ 0.01
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➔Early motor deficits
➔Gradual functional recovery
➔Persistent impairment post-SCI

Conclusions

• MotoRater is a sensitive and reliable platform for assessing motor 
deficits and recovery in rats after cervical SCI.

• AI-based kinematic tracking and PCA enabled development of the 
novel Composite Walking Score (CKS).

• CKS condenses complex kinematic information into a single, 
interpretable metric.

• The pipeline reliably captures both acute impairment and partial 
recovery over 4 weeks.

• This approach supports longitudinal evaluation of therapeutic 
candidates in preclinical models.
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