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preservation, degeneration and regeneration of the IVD [4]. This
cannot be adequately investigated in cell culture models, because
these cannot mimic the specific tissue composition and exceptional
physical conditions of the IVD. In vivo animal models such as
described in earlier studies from our group, lack close control and
monitoring of mechanical conditions of the IVD. Several organ
culture models with IVDs of various animal species have been
introduced to study disc function and the role of different etiological
factors involved in DDD [35Ð39]. These models vary in their
relevance to the human situation with regard to IVD dimensions,
biomechanical properties, and cellular and matrix composition [40].

Ideally, an ex vivo model would implement a large species lumbar
IVD comparative in biological and mechanical properties to the
human IVD [41], as a precursory platform to anin vivoDDD model
for follow-up studies. As we have shown in recent publications, the
goat IVD closely resembles the human IVD with respect to

mechanical properties [42]. Moreover, as in human IVDs, the
caprine IVD lacks notochordal cells, which also makes the goat IVD
comparable from a biological perspective. Together with our well
established goatin vivoIVD degeneration and herniation model, the
caprine lumbar IVD is an excellent candidate forex vivostudies on
disc degeneration and regeneration [43Ð46].

Therefore we have developed a bioreactor, the Loaded Disc
Culture System (LDCS; figure 1), designed to culture entire large
IVDs (i.e. IVD with cartilaginous endplates), conserving IVD cells
in their native environment. The LDCS allows for precise control
and monitoring of oxygen- and nutrient supply, as well as
mechanical loading conditions via a force-feedback loop. Provid-
ing a platform to study the interaction between disc loading and
IVD biology. Moreover, an ex vivo model may serve as a
prescreening platform of future therapeutics prior to in vivo testing
on life animal.

Figure 1. The Loaded Disc Culture System. The Loaded Disc Culture System (LDCS; upper left), a single actuator (upper right) with culture
chamber and reservoir, and a schematic cross-section (bottom) of a culture chamber with IVD.
doi:10.1371/journal.pone.0033147.g001
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