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ABSTRACT
Background: Numerous methods for measuring segmental motion in spine have been described.
However, because of the inaccessibility of the spine and the complexity of segmental movements,
most of the noninvasive methods in use today have low accuracy or are unable to detect movements in
all three cardinal axes. Almost all in vivo methods used for analysing segmental motion are based on
twodimensional (2D) radiographic examinations. Radiostereometris Analysis is so far the most
accurate method to detect three-dimensional (3D) motion.
Specific aim: To develop and evaluate a non-invasive method for motion analysis of the spine using
computed tomography (CT).
Methods: We studied segmental motion in a custom-made spine model, healthy subjects, and a small
series of patients operated with total disc replacement. The subjects and patients were examined in
flexion and extension on a fourth generation spiral CT unit. Analyses of the segmental movements in
lumbar and cervical spine were done with a in-house developed software tool.
Results: In the lumbar spine the accuracy was 0.6 mm for translation and 1 degree for rotation in the
model study. Movements of more than 1 mm could be visual detected. The repeatability on healthy
subjects was 2.8 degrees in rotation and 1.8 mm in translation in vertebral segment. The mean facet
joint 3D movement was for the right 6.1 mm and for the left 6.9 mm in L4-L5 segment and for the L5S1 segment for the right facet 4.5 mm and 4.8 mm for the left. Mean rotation in the sagittal plane was
14.3degrees in L4-L5 and 10.2 degrees in L5-S1. In patients with total disc replacement the mean
rotation in the sagittal plane at the operated level (L5-S1) was 5.4 degrees before surgery and 6.8 after
surgery. In the adjacent level (L4-L5) the mean rotation (degrees) was 7.7 before and 9.2 after surgery.
The 3D translation in the operated level the left facet was 3.6 mm before and 4.5 mm after surgery and
for the right facet joint 3.4 mm before to 3.6 mm after surgery.In the cervical spine the accuracy was
0.7 degrees in rotation and 0.5 mm in translation in the model study. The repeatability on the model
was 1.1 degrees in rotation and 0.3 mm in translation. The repeatability on patients was 2.3 degrees in
rotation and 1.4 mm in translation. The median movement for the patient was in the sagittal plane for
rotation 6.28 and translation 0.1mm, coronal plane 1.68 and 0.6 mm, and for the transverse plane 1.38
and 0.6 mm in translation
Conclusion: We have developed a non-invasive CT based method to study the 3D segmental
movement in the spine. It has been tested in a model study, on healthy subjects and on patients with
total disc replacement in cervical and lumbar spine. We believe that this method for detecting
movements in the spine is useful both in research and for clinical use.

