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In spinal cord injury rehabilitation, one of the main methods used involves re-training the patients’ spinal
circuitry to produce movement. Located in the spinal cord, the central pattern generator (CPG) is the term
used to describe the neural circuitry which drives locomotion within vertebrates. Understanding the
composition and architecture of the CPG will assist the development of rehabilitation approaches for spinal
cord injury.

Models of the spinal CPG include the half center model, unit burst model and the two-layer model where
the rhythm is set independently of the muscle activation patterning. The purpose of this study was to
explore if lumbar interneuronal firing activity is compatible with the proposed two-layer model of the CPG
in spinalized cats.

We analyzed neuronal firing activity during spontaneous disruptions of muscle activity resulting in silent
or tonic muscle activity during air-stepping. These episodes, called deletions, were detected using the time
differences between successive electromyography (EMG) onset times for each trial. Deletions were further
classified as non-resetting or resetting. In a resetting deletion, the perturbed muscle activity returns at a non-
integer multiple of the pre-deletion locomotor cycle period while it returns at a multiple of the original
period in a non-resetting deletion. A separate rthythm generating layer in the CPG circuitry is hypothesized
to be responsible for this preservation of the locomotor cycle “clock”. Neuronal activity was classified as
rhythmic, silent or tonic throughout a deletion period.

Neural activity was recorded by two 64 site microelectrode arrays (model A8x8-5mm-200-200-177,
Neuronexus) inserted at a depth of 3000 um in two lumbar segments along the rostral caudal axis.
Electromyography activity of seven hind-limb muscles was recorded bilaterally. In-vivo extracellular
recordings of neurons of the intermediate zone and ventral horn of the lumbar spinal cord were taken
simultaneously with hind limb Electromyography (EMG) in a spinal adult air stepping cat. Recorded
activity was analyzed using our in-house MATLAB code. Additional analysis was all conducted via custom
MATLAB algorithms. The coefficient of variation squared was used as a measure of the spike train
behavior (MATLAB function, gammafit). Additional interneuronal analysis was performed in MATLAB
between spikes via generalized linear model (GLM), depth analysis and cross correlation histograms to
evaluate their relationships.

Through the characterization of the firing of 356 total interneuronal units during non-resetting and resetting
deletions, we found that there was a significant portion of units which maintained their rhythmicity
throughout non-resetting deletions. Additionally, we found that most units which had their rhythmicity
disrupted were recorded during resetting deletions. Believed to encode the rhythm generator layer, the units
which maintained rhythmicity during non-resetting deletions showed an inconclusive relationship that was
neither inhibitory or excitatory through the GLM. This evidence supports the hypothesis that some
interneurons encode the clock feature of the rhythm generator layer in the two-layer CPG model by
maintaining rhythmicity throughout a deletion, but the relationship of those encoding interneurons is still
continually being assessed.
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