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Introduction: The number of MRI examinations in patients with metallic implants and the development of interventional MRI are rapidly increasing. 
For approval testing, implant heating due to RF pulses is typically measured by fluoroptic temperature sensors. A major drawback of these fluoroptic 
probes is that they can only measure the temperature at a single point [1]. This fact makes it difficult to determine heating effects of devices with 
complex geometries. Another typical method to determine the heating is MR-thermometry using the Proton Resonance Frequency Shift method 
(PRFS). The PRFS technique gives good results in homogeneous phantoms. However in inhomogeneous tissue, which is common in in-vivo 
experiments, quantification is highly challenging [2]. The major intention of this work was to develop a fast T1-based method which allows controlled 
heating of an implant while simultaneously quantifying the spatial temperature distribution. For this purpose an Inversion Recovery sequence was 
implemented where the RF heating is caused by the MRI sequence itself. With this method a controlled dynamic heating of an implant is 
measureable even in inhomogeneous tissue. The temperature values resulting from this technique were validated with a fluoroptic temperature 
sensor. 
 
Materials and Methods: All measurements were performed on a 1.5 T whole-body imaging system (Siemens Avanto). For a dynamic thermometry 
experiment an acrylic glass cube was used as phantom. The cube was filled with 25 liters of hydroxyethyl cellulose (HEC) gel. As an example of an 
implant a 20 cm long copper wire with a diameter of 1.5 mm was inserted into the cube. A 3%-concentration of the HEC gelling agent was chosen to 
minimize thermal convection. The gel was doped with 0.0602 mM copper sulfate and 1.0 g/liter sodium chloride (NaCl) to match organic tissue. For 
signal detection a 2-channel surface coil was used. To determine the MRI-induced heating a fluoroptic temperature sensor was placed 5 mm from 
the tip of the implant. For temperature imaging an Inversion Recovery Snapshot FLASH (IRSF) sequence was implemented. The sequence was 
modified with off-resonant high power heating pulses. Each TR cycle, one off-resonant heating pulse was applied [3]. The average power and thus 
the specific absorption rate (SAR) could be varied by varying the power of the off-resonance pulses. As an example, the implant was measured with 
the implemented IRSF sequence for about 6 minutes. Meanwhile a series of T1-maps were acquired in sagittal orientation. Using the T1-acceleration 
method presented by Arnold et al. [4] and a sliding window technique, every 7.6 s a new T1-map was determined with a total image acquisition time 
of 15.2 s. This results in 51 temperature maps and one reference T1-map. The sequence parameters were as follows: field of view = 260 x 130 mm², 
resolution: 128 x 64, TR = 5.73 ms, TE = 3.23 ms, TI = 101.6 ms, FA = 8°, segments = 2, contrasts = 24, slice thickness = 5 mm, TA = 396 s, BW = 
300 Hz/pixel, NEX = 1, repetitions = 26. The flipangle of the heating pulses was set to 113°, which amounts to a power of P = 100.0 W. This results 
in a whole body SAR in the phantom of 4.0 W/kg. The evaluation of the measurements was performed by subtracting the T1-maps from the 
reference T1-map (first T1-map) acquired before heating the implant. This allows a dynamic quantification of a defined temperature change. 
 
Results: Figure 1 shows, as an example of the dynamic measurement, an overlay of a localizer image (FLASH, field of view = 260 x 130 mm², 
resolution: 384 x 192, TR = 150 ms, TE = 5 ms, FA = 25°) with the last temperature map after about 6 minutes heating. The resolution of the 
temperature map was interpolated from 128 x 64 pixels to 384 x 192 pixels, to reach the same resolution as the localizer image. The heating at the 
tip of the implant can be clearly seen. For validation purposes the obtained MR-thermometry data were compared to the data of the fluoroptic probe. 
The MRI-data were taken from the single voxel corresponding to the position of the fluoroptic probe. In figure 2 the temperature change over time 
from the fluoroptic temperature sensor (black line) and the MR-thermometry data (blue dots) is demonstrated. The results of the MRI-data show 
excellent agreement to the data of the fluoroptic probe. 
 

                      
 
 
 
 
 
 
 
 
 

 
Discussion and Conclusion: The presented T1-based temperature quantification allows to measure the dynamic, RF-induced heating of an 
implant with high spatial resolution. Hence it is possible to analyze the spatial temperature distribution of an implant by a single measurement. This 
is the major advantage in comparison to a single point measurement with a fluoroptic probe. The measured temperature values show excellent 
agreement with the data of the fluoroptic measurement system. Certainly, a drawback of the presented technique is that there are implicit demands 
on the implants under investigation. It is necessary to use devices whose susceptibility is matched to that of water or organic tissue. In general, 
implants cannot be tested with the proposed method when susceptibility artifacts proscribe temperature quantification near the measured device. 
But for many typical MR-compatible implants, which are built with titanium, gold, etc., temperature quantification is possible. In conclusion the 
presented technique provides the opportunity to quantify the RF-induced heating during an MRI examination for several medical devices or 
implants. Hence, it provides a powerful tool for noninvasive MRI safety measurements. The proposed method can not only employed in 
homogeneous phantoms but also in inhomogeneous probes such as organic tissue, so it is promising for quantifying heating effects also in in-vivo 
situations. 
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Fig. 1 Overlay of a high-resolution scout image with a temperature map after 6 minutes 
heating. The temperature map was interpolated to the same resolution as the localizer 
image. Only the region of interest of the implant (tip) is indicated by the temperature map. 
The heating at the implant tip can be clearly seen and reaches approximately 18°C. 

Fig. 2 Temperature change over time at the same position as the 
fluoroptic sensor. Fluoroptic data (black line) and MRI-data 
(blue dots) show very good agreement. The red curve illustrates a 
exponential fit to the MRI-data. 
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