Characterization of an Animal Model of Spinal Instability Using MR Elastography and Mechanical Testing
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Introduction: It has been reported that up to 85% of people will experience low-back pain (LBP) in their lives." Degenerative disc disease (DDD) and
spinal instability are two of the most common causes of LBP. The intervertebral disc (IVD), and specifically the nucleus pulposus, has been shown to
undergo substantial changes in shear stiffness with degeneration.? Magnetic resonance elastography (MRE) is a sensitive, phase contrast-based
imaging technique for non-invasively mapping the mechanical properties of tissues.® Cortes et al demonstrated the feasibility of using MRE at very high
frequencies in the IVD in vitro to estimate the nucleus pulposus stiffness.* However, there has been no attempt at using MRE to measure the
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receiver coill was placed around the spine segment throughout testing

Figure 1: Experimental setup for performing MRE on goat thoraco-lumbar spine
segments. Top (A) Custom ezperimental setup for testing spine segments with
both ends fized and applying shear vibration to the spine segment. The ends of the
spine are labeled accordingly. A passive, pneumatic driver is rigidly attached to the
posterior of the sacrum m all cases and applies A/P shear vibrations perpendicular to
By and the length of the spme colunn. Bottom (B). & two-chamnel, rectangular

mechanical properties throughout a spine segment. The purpose of this study is to investigate
a potential animal model for spinal instability using MRE and compare with mechanical
testing. The target audience of this research is MRI scientists and radiologists involved in
developing spinal imaging methods, clinicians involved in managing patients with low-back
pain and disc-related spinal disorders, and basic scientists investigating DDD. Also, scientists
working in MRE technique development may have interest in this research.

Methods and Materials: (1) Intervertebral Disc Specimens. Five (5) entire goat thoraco-
lumbar spines (T8-S1) were removed with musculature and ligamentous structures intact. All
posterior elements of the spine segment were removed to increase flexibility of the specimen,
such that the entire spine segment consists of only vertebral bodies and discs. (2) Test
Conditions. First, the control was taken as the spine segment before any alterations. Then, a
series of injections were made into the L2/L3, L3/L4, and T12/L1 discs sequentially to cause
discogenic mechanical instability. A trypsin solution was injected into the 1VDs to induce disc
degeneration, as demonstrated in an in vitro animal model for disc degeneration.® After each
injection, the spines were stored at 27C for 48 hours to allow enzymatic activity, then MRE
was performed. (3) Mechanical vibration. A passive, pneumatic driver was used to apply
mechanical vibrations at 80 Hz to the spine segment. Using a custom spine testing fixture,
the spine segment was fixed on both ends and then the driver was positioned such that shear
vibration was applied to the sacrum (fig. 1A). The spine was rigidly fixed to the surface of the
driver (fig. 1A). A two-channel, rectangular receive coil was placed around the spine with the
length of the spine parallel to the B, direction (fig. 1B). The vibration direction was
perpendicular to the B, direction and the spinal column. (4) Wave imaging sequence. The
disc specimens were imaged using a spin echo-based MRE sequence with the following
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Figure 2: Top row (4) MEE magnitude images of goat spine segment MMiddle
row (B): representative interpolated wave images after bandpass filtering and
directional filtering along the length of the spmne. Color bar mdicates the meotion
amplitude measured with MRE. Bottorn row (C): the magmitude of the 1% harmonic
(80 Hz) of the waves propagating away from the sacrum. Color bar indicates the

parameters: 1 cycle of 80 Hz motion-encoding gradients (2.4 Gauss/cm), offsets = 4,
150/19-ms TR/TE, 30-cm FOV, one 10-mm slice, 256x128 matrix, 2 NEX. A standard
1.5T full-body MRI scanner (Signa 16X Software, GE Healthcare, Waukesha, WI) was
used in the experiment. For all experiments, a
sagittal slice was taken through the center of
the spine segment and motion encoding was
done in the A/P direction. (5) Image analysis.
The resulting phase images were then masked
and phase unwrapped. The unwrapped phase
images were then bandpass filtered (0.1-20
waves per FOV), interpolated to 8 offsets and
directionally filtered along the length of the
spine, which gives the interpolated wave
images (fig. 2B). The magnitude of the 1
harmonic (80 Hz) was calculated for each (fig. ; ==
2C). (6) Mechanical testing. Six discs (3 | o o B o el e
injected and 3 normal) from each spine were Tsolated dise scgment (L3/L4) prepared for mechasical
isolated and mechanical testing was performed | ©sing The paal L3 and LA veriebral bodies were patied
. 4 B N in cylinders using bone cement. Right (B): Disc segments
to determine the amount of disc laxity in the were mounted onto a motor-contrelled -y stage equipped
control discs compared to the injected discs with 2 6-DOF load cell The setup enabled pure AP motion
(f|g 3A and SB) and measurement of the resulting forcefdisplacement
Results and Discussion: Figure 2 shows results for one spine, which is representative
of the results in throughout. Shear waves were seen throughout the spine segment in all
cases (fig. 2B). The magnitude of the 1° harmonic shows increased motion at the injected
disc segments post-injection (fig. 2C). The mechanical testing results showed disc laxity
in the injected discs (4.23 = 0.79 mm) was 34.5% higher than the control group (3.14 +
0.77 mm).
Conclusions: These initial results suggest MRE may be capable of detecting spinal
instability throughout the thoraco-lumbar spine. Further work is needed to determine and
improve the detectability of small changes in local spine mechanical properties.
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