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ANALYSIS OF IN-VIVO CANINE LUMBAR SPINE FACET LOADS.
G.R. Buttermann, M.J. Schendel, J.L. Lewis, D.S. Bradford. Biomechanics
Laboratory, Department of Orthopaedic Surgery, University of Minnesota,
Minneapolis, MN 55455,
INTRODUCTION: Abnormal loading of cartilage has been related to
osteoarthritis of articular joints, including the facet joints of the spine. Facet
joint degeneration is considered an important cause of disabling low back
pain. Previous studies have shown that degenerative changes of the facet
joints in the canine lumbar spine can be induced by alteration of the
corresponding intervertebral disc from either chymopapain injection or from
discectomy. This animal model of OA is unique since the affected facet joint
remains intact and uninvaded. The authors developed a method which is non-
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ivasive to the facet joint which allows measurement of facet loads and

© resultant contact locations for various load states, and has been previously

gpplied to in-vitro canine spines. The aim of the current study is to measure
facet joint loads in the living animal during various functional activities and
tbtain baseline data for animals with normal intervertebral discs prior to future

| studies of facet load changes with disc alteration.

METHODS: The technique entails measuring the strain of the cortical bone

| onthe lateral aspect of the cranial articular process at three or more locations
© gimultaneously in response to loading of the facet joint. Strain measurements
| obtained during testing are compared to strains obtained at subsequent

calibration loading of the caudal facet; this determines resultant facet load
| contact locations and magnitudes. Four mature, male mongrel dogs (28-31
| kg) had five encapsulated strain-gages implanted on the right L3 cranial

anlicular process via a paraspinal muscle-splitting approach. Reliable strain-
gage to bone bonding with cyanoacrylate cement required preparing the

. surface of the articular process by degreasing, wet-sanding and drying, as well

a supplying rigid strain relief of lead wires, and tenting of muscles from direct
contact with the strain-gages. X-rays of the lumbar spine were obtained pre-

| operatively to rule out pre-existing facet or disc pathology, and post-

operatively to verify the level of the instrumented facet joint. All animals

{ walked normally by post-op day 1. On post-op day 3, simultaneous strain

rcordings were made at each gage for various static and dynamic activities.
Multiple tests of standing and walking were performed to determine in-vivo
repeatability. Tests for facet unloading included right torsion and spinal
traction under anesthesia with paralyzation. After completion of testing, the
lumbar spine was excised, and in-vitro tests of the L2-3 motion segment
performed on a previously described loading apparatus. Calibration of
specimens involved disarticulation at the L2-3 level, and dividing the articular
surface of the instrumented caudal facet into 30 to 40 sectors. A ramp load
was applied to the center point of each sector and strain at each gage was
recorded simultaneously. For every possible pair of strain-gages, the ratio of
the measured strains at each loading point was calculated yielding strain ratio
contours for every pair of gages. Comparing in-vivo test strain ratios to the
calibration strain ratio contours identified the resultant facet contact load
location point. The magnitude of the strain for each gage at the load location
point yielded the load predicted by that gage. The facet load was the average
ol the calculated loads for the five gages.

: In general, there were significantly greater facet loads during peak
phases of all dynamic tests relative to static tests. The facet was found to be
unioaded when the animals were anesthetized/paralyzed and under spinal
fraction or right torsion. All strain changes, and thus loads, were determined
n?lalive to these unloaded states. For the group of four dogs, static tests of
sitting, sitting erect, lying prone, lying in a left lateral decubitus position, and
flexion revealed facet loads ranging from 0 - 60N. Average standing (20 trials)
loads for each dog were 36+/-10N; 24+/-15N, 26+/-14N, and 28+/-20N.
Group results of dynamic tests for right and left turning, sit to stand, climbing
stairs, standing/walking erect revealed loads ranging from 55 - 180N. Average
Peak dynamic loads in walking (7 trials) for each dog were 109-+/-32N; 95+/-
2N; 1154/-28N; and 96+/-11N. These peak values corresponded with the
stance phase of the ipsilateral lower extremity. Relative resultant contact load
locations on the facet tended to be in the central/caudal portion of the facet in
8xtension activities, central/cranial in standing, and cranial/ventral in flexion or
fight turning activities. Right turning contact locations were ventral/cranial to
left tuming locations. Resultant load locations at peak loading during walking
were in the central region of the facet, whereas resultant load locations at
minimum loading during walking were relatively craniad.

A recently developed technique for non-invasive

Measurement of facet loading was applied to an in-vivo canine model.
Resultant facet load magnitudes and their contact locations were determined
static and dynamic activities. Facet loading during active use of the back

68 was greater than when the animal was in a passive static posture. The
lacet loag magnitudes were in the range of loads determined from previous in-
Wro tests for a variety of applied load states. Assuming that the loads are

tributed over at least one-third of the joint surface, our results suggest that
te facet cartilage may experience contact pressures up to 2MPa during peak
ing. Estimates for thicker human articular cartilage range from 1 to
10*MPa. The importance of quantifying loads in the facet joint is not only for
& improved understanding of spine biomechanics, but also for quantifying
changes with degeneration of the facet joint and/or of the disc. The
ation of facet degeneration to disc alteration which has been found in

, May occur in humans yet the issue remains controversial. Some in-vitro

have found an increase in facet load and a change in loading sites with
alteration, whereas others found only a change in loading sites. In order
1ess this issue, quantification of in-vivo facet joint loads is essential. The
Current technique has been found to be adequate for short term in-vivo
o {0 establish baseline data for a group of animals with unaltered discs.
load ntly, the technique is being modified in order to attempt to monitor facet
Changes with alteration of the disc over extended periods.
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