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Purpose An emerging application of MR guided high intensity focused ultrasound (HIFU or FUS) is the ablation of nerves affected
by painful tumor metastasis located in bone. The goal of these treatments is to achieve sufficiently high temperatures to cause necrosis
of the nerves in the surrounding periosteum, thereby relieving the pain associated with tumor growth. Due to its relatively high
acoustic absorption coefficient and low heat capacity, bone heats more easily than the surrounding soft tissue. However, the relatively
low thermal conductivity and perfusion of bone causes it to radiate much of that heat into the surrounding soft tissue [1]. The purpose
of this work was to investigate the radiating properties of bone on the adjacent soft tissue; specifically we investigated when the
temperature rise is the highest with respect to the end of the sonication and whether the rate of cooling in soft tissue is dependent on
proximity to bone. Finally, we considered how these spatiotemporal effects impact temperature and dose estimation.

Methods Temperature images from the treatment of a patient with metastatic tumor in the bone were analyzed. During the treatment,
14 cooling phases were acquired after the ultrasound
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Results Temperature curves for the regions of interest shown in Figure 1a are plotted in Figure 1b. The curves demonstrate a delay
between the end of the ultrasound and the peak measured temperature. This delay is plotted as a function of distance from the bone in
Figure 2. The delay decreases with increasing distance from the bone. This can be understood by considering that the primary heating
of the soft tissue near the bone is due to radiation from the bone, leading to a delay between the ultrasound heating of the bone and the
radiation of that heat into the soft tissue. Away from the bone, the primary source of heating is direct absorption of the ultrasound.
The rate at which the soft tissue cools is also affected by its
proximity to bone. Figure 2 shows that the decay rate, T, becomes
increasingly negative — meaning that temperature decays more rapidly —
with increasing distance from the bone. This slower cooling rate for tissue
near bone has implications for thermometry techniques and dose
calculations. The slower cooling of tissue near bones imposes a longer

Figure 1: a) Regions of interest. b) Temperature curves for the regions of
interest shown in a.
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