


Henriques [4]. In order to avoid problems with extrapolating beyond
the range of temperatures for which Moritz and Henriques provide
data, temperatures above 65°C were assumed to cause a necrosis index
increment of 1 for the time step, and temperatures below 44°C a
necrosis index increment of 0. Finally, the necrosis index increments
were summed to calculate the necrosis index, with values greater than
1indicative of thermal necrosis of the tissue.

The FE meshes used in the present study were adapted from that
developed by Smit et a [5] and made available on the website of the
International Society of Biomechanics [6]. The mesh used for the
results presented here is shown in Figure 2. The middle vertebra
contains a bolus of cement occupying a volume of approximately
5cms.

The thermal properties and curing kinetics of Surgica Simplex
cement were taken from Baliga et a. [2], and the thermal properties of
tissues from Huiskes [7] and Duck [8]. Initia temperatures of 23°C
and 37°C were specified for the cement and tissues respectively.
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Figure 2: Typical FE mesh.

RESULTS

Figure 3 shows the temperature histories of 3 nodes in the FE
model. Initialy, the temperature of the cement slowly increases due to
absorption of heat from the surrounding tissue. As the polymerization
reaction begins to accelerate at around 6 minutes, the temperature in
the cement begins to rise rapidly, reaching a peak of 117°C at the
center of the cement mass at around 7 minutes. Temperatures on the
surface of the cement increase sightly more slowly, reaching a peak of
90°C also at around 7 minutes. Temperatures on the surface of the
bone close to the spinal cord rise much more slowly and reach a peak
of around 43°C approximately 1.5 minutes after the pesk in the cement
temperature.
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Figure 3: Temperature histories of selected nodes.

Figure 4 shows a contour plot of the necrosis index in the tissue
surrounding the cement after the polymerization is complete. The zone
of thermal necrosis extends approximately 6mm around the bolus of
cement in all directions.

Figure 4: Necrosis index after completion of polymerization
- section plane through center of middle vertebral body.

DISCUSSION

Although temperatures at the center of the cement were high,
temperatures on the surface of the bone near the spinal cord remained
within safe limits, with no thermal necrosis predicted in this region.
The predicted necrotic zone extended through most of the cancellous
bone surrounding the cement and into the cortical bone forming the
outer layer of the vertebral body. This would seem to indicate that
regions where cells would be expected to be destroyed lie within the
vertebral body.

An experimental study [9] showed much lower peak temperatures
within the cement (peaks of around 70°C). This may have been due to
the use of smaller quantities or different distributions of cement within
the vertebral body, both of which would be expected to ater the rate of
cure of the cement and hence the local temperature histories.

Further work will include investigating the effects of different
cement types and using more realistic geometries to better represent
the shape of collapsed vertebrae.
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