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ABSTRACT 

Low back pain is a significant health and societal problem with up to 80% of the general 

population experiencing at least one episode of low back pain within their lifetime.  The 

leading known cause for low back pain is degenerative disc disease (DDD).  

Epidemiologic data indicate that there are several occupational and/or environmental 

factors which are commonly associated with the onset of low back pain, such as frequent 

and heavy lifting, poor posture, and prolonged exposure to vibration.  These conditions 

have a common link:  they can all result in fatigue of the primary extensor musculature 

supporting the spine.  Fatigue causes changes in both muscle recruitment and whole 

body kinematics which in turn may alter loading across the disc space – a stimulus for 

disc degeneration.  This is significant because it provides a potential connection between 

everyday activities and low back pain.  However, the link between altered vertebral 

loading and changes in muscle recruitment and/or whole body kinematics has never been 

demonstrated in vivo. 

We hypothesize that intervertebral loading is dependent upon several factors 

including activity, posture, rate of motion, muscle recruitment patterns, and whole body 

compensation.  To explore this hypothesis, we have developed both a uni-axial and 

multi-axial force-sensing implant for measuring forces across the disc space, as well as 

an in vivo model for studying the effects of muscle fatigue.  The specific aims of this 

research were (1) to design, develop, and validate a uni-axial and a multi-axial load cell 

implant to collect in vivo data in the spine, (2) to develop an in vivo experimental model 

of muscle fatigue in the cervical spine, and (3) to measure the correlation between 

intervertebral loading and (a) head and neck posture, (b) activity, (c) rate of motion, and 

(d) whole body compensation in the caprine cervical spine during normal activities. 

Two designs for interbody implants were developed for use in the C4-C5 disc space 

of the goat cervical spine. The uni-axial load cell implant consisted of a superior 

component, which acted as a piston to transfer vertebral loads to a wired button load cell 

inside the assembled inferior component. The multi-axial load cell implant was modeled 

after existing clinical intervertebral disc replacements with distinct superior and inferior 

articulating components to allow for vertebral motion.  This design incorporated an array 
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of three wireless sensors into its inferior component, through which axial compressive, 

A/P shear, and lateral shear forces were calculated. 

To evaluate the in vivo effects of muscle fatigue, we developed a novel model using 

the caprine cervical spine as an analog to the human lumbar spine.  Using this model, we 

experimentally demonstrated fatigue of the primary cervical extensor muscles using 

bilateral electrical stimulation. 

To measure loading correlations during normal activities, we monitored forces in 

the C4-C5 cervical disc space of an Alpine-Nubian crossbred goat using our uni-axial 

load cell implant.  Pre-operatively, the animal was conditioned to perform repeatable 

exercises involving full range of motion of the neck and walking a set course.  

Postoperatively, real-time intradiscal loads were measured with corresponding video as 

the animal repeated the exercises over a 16 day period.  The measured loads were 

animated and synchronized with video footage to analyze the data in terms of body 

position, rate of motion, minimum load, and maximum load.  The data were grouped by 

several observed factors, and appropriate statistical tests were performed to detect 

statistically significant differences in the loads for each of the factors analyzed. 

Results showed a strong correlation between force and activity.  The act of moving 

from extension into flexion resulted in repeatable and sizeable changes in force.  This 

result is significant because it implies that intervertebral load magnitude is primarily 

modulated by muscle recruitment patterns of the extensor and flexor muscles.  Minor 

changes in the technique used to achieve flexion and extension greatly affected the 

magnitude of loading.  In addition, the data indicate that subtle variations in head and 

neck position also affected load magnitude.  Future work will utilize the resulting data 

and tools developed, including the fatigue model and the multi-axial implant, to further 

elucidate the cascade leading from everyday activities to the development of 

degenerative disc disease. 

 

 


