
Humane Non-human Primate Model of Traumatic Spinal Cord Injury Utilizing 
Electromyography as a Measure of Impairment and Recovery  

Abstract 

The overall goal of this project is to develop a humane non-human primate model 
of traumatic spinal cord injury that will facilitate the development and evaluation of 
therapeutic interventions. The model utilizes neurophysiological techniques to identify 
the precise location of the upper motor neuron axons that innervate the lower motor 
neurons that control tail musculature. This facilitates the placement of a selective lesion 
that partially disconnects the upper and lower motor neuron supply to the musculature 
of the tail.  An implanted transmitter quantitatively measures electomyographic data 
from the tail.  The preliminary data indicates that this model is feasible. The subject was 
able to tolerate the implantation of the transmitter, without adverse effects. As well, 
there was no limb impairment, bowel dysfunction or bladder dysfunction. The 
histopathologic and electromyographic features of the selective experimental lesion 
were similar to human spinal cord injury.  

Introduction 

In the USA, there are approximately 250,000 people living with spinal cord injury 
(SCI). As well, there are approximately 10,000 new traumatic SCI per year (1). Over the 
past 50 years, patients are living longer due to improved medical, nursing and 
rehabilitation services.  However, there are currently no pharmacologic treatments that 
have been demonstrated to improve the ability to walk after traumatic spinal cord injury 
(2).  One of the challenges in developing and validating potential interventions is the 
lack of a humane human non human primate (NHP) of SCI.   

The overall goal of this project is to develop a humane non-human primate (NHP) 
model of traumatic spinal cord injury (SCI).  This humane NHP model builds on the 
experimental models that utilized rodents, cats, dogs, and rabbits as well as previous 
experiments involving monkeys and baboons (3-8). These previous experiments have 
yielded valuable information on the histopathology of the initial injury, Wallerian 
degeneration, spinal cord plasticity, and neural repair. In rodent, dog and cat models, 
experimental spinal cord lesions have been created by sectioning the spinal cord after 
surgical exposure of the dura mater, dropping a weight on the spinal cord from a vertical 
height, compressing the spinal cord with a fixed amount of force, or compressing the 
spinal cord with a clip.  

 There are some pathophysiological features of spinal cord injury that are 
common to human beings, non-human primates, cats, rats dogs and rabbits; however, 
there are also some substantial differences. For example, cats and dogs with 
experimental complete transection of the cervical spinal cord, with training, will be able 



to walk on a treadmill (9-11). This phenomenon is attributed to spinal stepping, which is  
mediated by the central pattern generators in the spinal cord. In contrast, human beings 
and nonhuman primates are unable to walk with complete spinal cord transaction (12, 
13). 

In this context, there is an important role for a humane NHP model of traumatic 
SCI in evaluating promising new treatments.  Levi et al conclude that the “Cellular 
mechanisms of injury and neural regeneration in primates may substantially differ from 
those in lower mammals. Differences have been observed in the behavior of human and 
nonhuman primate cells in neural tissue cultures preparations, as well as in the 
extensive studies of human SCI” (14). Tuszynski et al stated, when comparing rat and 
primate models, that “the disparate sizes of the spinal cords in the two species, and the 
potential differences in the extent of the secondary damage cause by such mechanisms 
as cytokine activation, support a continued need to study primate models” (15). Tator 
wrote that experimental spinal cord injury models  “should utilize monkeys because of 
the similarity in the blood supply to the cord in monkeys and humans” (16). As Courtine 
et al have noted in 2007, “The pathway for developing the most effective novel 
interventions to the greatest number of SCI patients would probably include 
experiments using nonhuman primates” (17). 

To appropriately address the animal welfare issues, this SCI model is predicated 
on creating small selective neurophysiologically guided spinal cord lesions that partially 
impair tail movement, but does not impair limb, bladder or bowel function. Based on 
previously completed motor neuron mapping studies utilizing horseradish peroxidase 
methods, the optimal location is in the lower lumbar spinal cord. In the Macaca 
fascicularis, the tail can be considered the monkey’s fifth limb; it is used for functional 
tasks related to mobility, balance and feeding. The tail has as a well-developed 
musculature and sensory supply, and functions in an analogous manner to a human 
limb (18,19).  In this model, tail movement is measured objectively by a small 
transmitter that is implanted in the lower back and records electromyographic signals 
from the tail musculature. 

Experimental Methods 

The Harvard University Intuitional Animal Care and Use Committee approved this 
study.  All surgical procedures were completed with sterile technique, under general 
anesthesia. Vital signs were monitored throughout the entire procedure.  Induction will 
be with ketamine 10-15 mg/kg intramuscularly. Anesthesia was maintained with inhaled 
isoflurane at 1 percent MAC.  Two surgical procedures were completed. On the first 
surgical date, a transmitter that measures electromyographic signals was inserted. 30 
days later, a second surgical procedure was completed; at this time, a selective spinal 



cord lesion was created in the lower thoracic spinal cord. Post operative pain was 
treated with narcotics.   

First Surgical Procedure   

A midline incision was placed over the lower back, superior to the proximal tail. A 
small pocket between the subcutaneous fat and underling muscle will be dissected. One 
small transmitter (D70-EEE, Data Sciences International, St. Paul, MN) that measures 
electromyographic signals was implanted. A subcutaneous tunnel was created from the 
back into the tail. A small incision was made on the left and right side of the tail to 
expose the left and right flexor cauda longus and brevis muscles. An active and 
reference electrode was sutured on the right and left side of these muscles. The 
transmitter forwarded electromyographic data via radiofrequency link to an desk top 
computer. EMG data was processed using MATLAB (Natick, MA, USA). First, the raw 
EMG signals were filtered using the high-pass Chebyshev Type II filter with the cutoff 
frequency equal to 10 Hz in forward and reverse directions to ensure zero-phase digital 
filtering.  The filtering procedure removed artifacts from signals. Next, the signals were 
segmented signals to detect activation periods using a threshold value equal to three 
standard deviations of the signal.  

Second Surgical Procedure  

30 days after the implantation of the transmitter the subject was sedated and 
given the same anesthesia protocol for this surgical procedure. Disposable surface 
electrodes were placed on the tail. These electrodes permit the recording of 
neurophysiological signals. A small incision was completed at the LI level. There, a 
small laminotomy was performed and a small, insulated radiopaque catheter was 
advanced, through the laminotomy in the epidural space. The goal is to utilize 
neurophysiological techniques to identify the precise location of the upper motor neuron 
axons innervating the lower motor neurons that control tail musculature and facilitate the 
placement of a selective and limited lesion that disrupts this innervation. To determine 
the optimal location to induce the lesion, the catheter was positioned where the lowest 
amount of electrical stimulus results in maximal amplitude of the neurophysiological 
response at the tail recording site. The goal was to create a lesion that resulted in a 50 
percent diminution in the amplitude of the evoked response. Ninety days after the 
induction of the experimental lesion, the subject was humanely euthanized.  The spinal 
cord was extracted and placed in formalin.  The specimens were subject to pathological 
analysis.  

Results   

The first objective of this study was to determine if the subject could tolerate the 
implanted for a prolonged period of time. In this preliminary experiment, the transmitter 
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Hematoxylin and eosin stain of spinal cord with light microscopy at 40X imaging. There 
is a spheroid, which is associated with a degenerating axon. As well, a digestion 
chamber is noted, which is consistent with degenerating myelin.  These findings are 
similar to the abnormalities noted in human traumatic spinal cord injury  

Discussion 

The preliminary results in the single subject suggest that it is feasible to develop 
a humane NHP model of traumatic spinal cord injury. The subject was able to tolerate 
the implanted transmitter without any adverse effects. As well, the selective 
experimental spinal cord lesion did not cause any clinically apparent limb weakness. 
Furthermore, the selective lesion did not result in any bladder or bowel impairment.  The 
subject was comfortably housed for a period of 120 days.  It is important that any 
proposed model of traumatic spinal cord injury permit the subject to be humanely 
housed for an extended period of time.   This is particularly important as the benefits of 
potential pharmacological interventions may become apparent several months after 
initial treatment. 

In this model, the preliminary data suggests that the selective experimental 
lesions, created by the epidural catheter, have histopathologic features similar to human 
spinal cord injury (20,21).   Of note, the mechanism for creating the selective spinal cord 
lesion does not compromise the dura mater, which is consistent with most human spinal 
cord injuries. As well, a preliminary analysis of the electromyographic data indicates that 
the lesion results in neurophysiologic impairments consistent with the traumatic spinal 
cord injury.    

The next step is to conduct additional analysis of the electomyographic and 
histopathologic data.   In closing, the preliminary data suggests that it is feasible to 
develop a humane NHP model of traumatic spinal cord injury. 
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