


lower end of the gimbal to the top of this cylinder is 350 mm. A six-
axis load cell is mounted atop the lower cylinder and used to
determine the reaction loads experienced by the inferior-most vertebra.

Motion analysis system

The Vicon 370 motion analysis system is commonly used for gait
analysis studies. The system can be used to track markers of 25 mm in
diameter in an estimated volume space of 8 m”. In contrast, our studies
used 6 mm diameter markers and a volume space of less than 0.001 m*
was captured. In our setup, the Vicon 370 workstation is used
alongside three CCD cameras. To the best of our knowledge, we are
the only research group which has managed to adapt this system for
spine motion analysis. Accuracy tests have been conducted and the
measurement errors were found to be less than 1%.

A 3D digitizer was used to identify the coordinates of the spherical
markers and selected anatomical landmarks on the vertebrae. Using a
technique that has been described elsewhere [5], the kinematics at each
vertebral level can be described using local coordinate systems based
on selected anatomical landmarks.

Experimental Testing

Four human C4-C6 specimens were reduced to their
osseoligamentous state and loaded in continuous flexion-extension.
Potting plates were cemented to the superior and inferior ends of the
each specimen. A marker set, comprising of three 6 mm diameter
spherical markers, was inserted into the laminas of the C5. The marker
set and C5 can be considered as one rigid body. As the C4 and C6
were rigidly cemented to their respective potting plates, the marker
sets were attached to the potting plates instead.

Bending moment was applied to the superior end of the specimen at a
displacement rate of 0.5°s and loaded up to £1.5 Nm. Zero preload
was applied. Two cycles of preconditioning were carried out and data
was captured in the third cycle. Reaction loads measured by the 6-axis
load transducer were simultaneously collected.

RESULTS

Rotation (degree)
o

—e—C4-C5
6 —=— C5-C6

-8 T T T T T T T )
-2 -15 -1 -0.5 0 0.5 1 15 2

Moment (Nm)

Figure 2: Primary motion of the C4-C6 spine specimens.

The inter-segmental motions of the spine specimens are
illustrated in Figure 2. The ROMs for the principal motions of C4-C5
flexion and extension at bending moment of £1.5 Nm are 5.6° and
5.0° respectively. The ROMs for the principal motions of C5-C6
flexion and extension at bending moment of £1.5 Nm are 5.9° and
5.5°, respectively. The secondary motions were insignificant.

Reaction loads at the inferior-most end were measured. The secondary
moments were significantly less than the primary moment and the
secondary forces were smaller than +5 N. This ascertains the
“pureness” of the applied bending moment.

DISCUSSIONS

The motorized loading system is capable of introducing pure
bending, as verified by the small secondary loads experienced at the
inferior end. The Vicon motion analysis system, commonly used in
large volume space analysis laboratories, has found its use in small
volume space 3D motion analysis of the spine. With measurement
errors of less than 1%, the accuracy of the system is ensured.

The average ROM values, compared with past in vitro studies [3, 6, 7],
showed reasonable closeness (Table 1). In addition, these studies
reported that flexion ROM is larger than extension ROM at both the
C4-C5 and C5-C6 levels. The same observation was also made in the
current investigation.

Table 1: Comparison of ROM values

Flexion (deg) Extension (deg)

C4-C5 C5-C6 C4-C5 C5-Cé
Panjabi, 1986 6.3 6.3 3.6 3.6
Moroney, 1988 5.6 5.6 3.5 3.5
Panjabi, 2001 5.3 5.5 4.8 44
Current study 5.6 5.9 5.0 5.5

In conclusion, the load response of the C4-C6 has been determined
using a comprehensive spine testing system.
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