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Target audience: PET/MR, physicist. 
Purpose 
MR-based attenuation correction is a critical component of integrated PET/MR scanners. This is generally achieved by segmenting 
MR images into a set of tissue classes with known attenuation properties (e.g. bone, fat, soft tissue, lung, air). Ultra-short echo time 
(UTE) sequences capable of imaging tissues with short T2* times (<1 ms) have been proposed in the past as a means to locate bone 
tissue1-4. In this study, we used tri-modality PET/CT+MR data from oncology patients to develop an improved classification algorithm 
for the localization of bone tissue in the head and neck area. 
Methods 
Twenty patients referred for an oncology examination were scanned using a tri-modality setup, consisting of a GE Discovery 750w 3T 
MR system located in an adjacent room to a Discovery 690 PET/CT. Patients were transported between the two systems with a 
dedicated transfer device, enabling consistent patient placement between the scans. Among the MR sequences, a UTE acquisition 
with 22 cm transaxial and 24 cm axial field-of-view was acquired, with a resolution of 1.5x1.5x2.0 mm3. The sequence consisted of 
two echoes (TE1 30 µs, TE2 1.7 ms) with flip angle 10° and 125 kHz bandwidth. The PET/CT acquisition followed the standard 
protocol for a clinical oncology study. The CT images of all patients were then classified by thresholding and used to compute maps 
of the posterior probability of each tissue class, given a pair of UTE echo values. 
Results 
Fig. 1 shows an example of the average CT maps obtained from each patient, which can be 
readily translated into likelihood maps for each tissue class. The likelihood map of bone tissue 
can be appreciated in fig. 2. Notice that some additional a-priori constraints have been imposed 
to obtain a compact function that can be represented by a simple model. These results clearly 
show the desired bony structures as a cluster pattern in the space of our dual-echo 
measurements. Furthermore, the clusters obtained for the different tissue classes are strongly 
overlapped, indicating that the available MR data will not, regardless of the classification 
method, be able to completely discern the bony and soft structures. The Jaccard distance 
between MR- and CT-based bone masks ranged from an average of 47% in the parietal region 
and 60% on the frontal region to 71% in the vertebral and 78% in the maxillary regions.  
Discussion 
The classification results obtained by maximizing the likelihood of each voxel compared well to 
previously published methods, while providing a more intuitive and robust choice of the final 
classification threshold (see fig. 3). This is due to our method being better suited to the actual 
data distribution than algorithms intrinsically defining the classification boundary as a 
functional relation between the two UTE echoes. 
Conclusion 
Our results, based on the study of tri-modality datasets, show that improved bone tissue 
classification can be achieved by estimating maps of the likelihood of voxels belonging to a 
particular tissue class given a measured pair of UTE echoes.   
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Fig. 1: Average value of the CT
voxels corresponding to each UTE
echo pair. The red line shows the
region where mean(CT) > 100 HU. 

Fig. 2: Bone likelihood map, 
obtained by combining all patient
data.  

Fig.3: Example of bone classification values obtained with our method (a), compared
with the methods proposed in by Keereman et al (b) and Catana et al (c). Notice that
the usual thresholding, skin and artifact removal operations have not been applied yet. Proc. Intl. Soc. Mag. Reson. Med. 22 (2014) 1403.


