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a b s t r a c t

Structural vibration testing might be a promising method to study the mechanical properties of spinal

motion segments as an alternative to imaging and spinal manipulation techniques. Structural vibration

testing is a non-destructive measurement technique that measures the response of a system to an

applied vibration as a function of frequency, and allows determination of modal parameters such as

resonance frequencies (ratio between stiffness and mass), vibration modes (pattern of motion) and

damping. The objective of this study was to determine if structural vibration testing can reveal the

resonance frequencies that correspond to the mode shapes flexion–extension, lateroflexion and axial

rotation of lumbar motion segments, and to establish whether resonance frequencies can discriminate

specific structural alterations of the motion segment. Therefore, a shaker was used to vibrate the upper

vertebra of 16 goat lumbar motion segments, while the response was obtained from accelerometers on

the transverse and spinous processes and the anterior side of the upper vertebra. Measurements were

performed in three conditions: intact, after dissection of the ligaments and after puncturing the annulus

fibrosus. The results showed clear resonance peaks for flexion–extension, lateral bending and axial

rotation for all segments. Dissection of the ligaments did not affect the resonance frequencies, but

puncturing the annulus reduced the resonance frequency of axial rotation. These results indicate that

vibration testing can be utilised to assess the modal parameters of lumbar motion segments, and might

eventually be used to study the mechanical properties of spinal motion segments in vivo.

& 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Mechanical functioning of the spine is to a large extent deter-
mined by the mechanical properties of the intervertebral disc, facet
joints and ligaments. Degeneration of the disc, facet joints and
ligaments can lead to alterations in the stiffness of motion segments,
which might cause the spine to become unstable (Schmidt et al.,
1998; Haughton et al., 1999; Mao et al., 2005; Zhao et al., 2005). The
stiffness of the spine may also be altered by spinal surgery. For
example, surgery targeting spinal stenosis often implicates that the
overlying lamina and the supraspinous ligament of the motion

segment are removed, which might destabilise the spine (Tai
et al., 2008; Subramaniam et al., 2009; Van Solinge et al., 2010).

The treatment of segmental instability aims at increasing seg-
mental stiffness. To decide whether restabilising instrumentation is
needed and which segments should be targeted, the exact location
and severity of the instability need to be established. At present, the
mechanical properties of individual spinal motion segments cannot
be measured in vivo because MRI and X-ray images can only
provide an estimate of the mechanical properties based on degen-
eration and instrumented spinal manipulation and intraoperative
measurement devices can only obtain the mechanical properties of
the entire spine; although these devices typically apply a transverse
or bending force to the spinous processes and measure the deflec-
tion at the point of force application, they do not take into account
that the load–displacement data of only one segment do not reflect
the mechanical properties of this single segment, but of the tested
as well as all adjacent segments.
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