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Purpose: MR imaging is an evolving modality in prostate cancer diagnosis.1 The most established MR imaging for prostate cancer diagnosis is the standard T2-
weighted MR imaging. T2-weighted MRI has a good sensitivity but low specificity.2 The specificity of the T2-weighted MRI may be improved if image information is 
used to determine prostate tissue elasticity distribution. Tissue elasticity properties are known to be prostate cancer biomarkers based on the fact that prostate tissue 
stiffness alteration is associated with its pathology.3 This was demonstrated by stiffness measurement studies of ex vivo prostate tissues conducted by Krouskop et al.4 
and Zhang et al.5 In this paper, an MR elastography technique is proposed to reconstruct tissue Young’s modulus. The proposed technique does not require any 
additional peripheral devices and does not appreciably disrupt the clinical flow.  
Methods: In order to obtain high quality prostate T2-weighted MR images, an endorectal coil is placed into the rectum. An endorectal coil consists of an RF coil within 
an inflatable balloon which helps to maintain appropriate positioning. When the prostate undergoes balloon’s loading it deforms. The prostate and tumors’ deformation 
depends on their mechanical properties and the amount of the balloon’s loading. Using the prostate and tumors’ deformed outline, their elastic properties can be 
estimated using an inversion technique that involves optimization of the prostate and tumors’ Young’s modulus such that the calculated deformed outline matches its 
observed counterpart. Hence, our proposed elastography method requires two sets of the prostate pre- and post-compression images. Pre-compression image is the 
image taken during a typical clinical MR imaging session. Post-compression image can be acquired by further inflating the balloon to the point that is still tolerable by 
the patient. Having the prostate and tumor outlines from the pre-compression image, a finite element (FE) model can be generated. After FE meshing and determining 
the boundary conditions, the prostate FE model can be analyzed using ABAQUS (Dassault Systèmes Simulia Corp, Providence, RI, USA) to obtain the post-
compression prostate and tumor outlines. As such, the prostate and tumor Young’s moduli can be found by minimizing the difference between the simulated outlines 
and the outlines extracted from the post-compression image. Figure 1 shows a flow chart of the proposed method. The proposed method was validated with a tissue 
mimicking phantom study. As shown in Figure 2, this phantom consists of 3 parts mimicking the background, prostate capsule and tumor tissues. To construct each 
part, bovine skin gelatin type B and agar were used with various concentrations to achieve suitable tissue stiffness. For pre-compression state image acquisition, the 
balloon was inflated to the point that only little pressure was applied to the rectal wall. The phantom was imaged in this position and the acquired image was regarded as 
the pre-compression image. Next, the balloon was further inflated such that the rectal wall and consequently the prostate capsule were compressed significantly. Images 
were then acquired under this post-compression state. T2-weighted images were acquired using a GE Healthcare MR 3 T scanner (GE, GE Healthcare, Waukesha, WI) 
and a 3T MR compatible endorectal coil (Medrad, Inc., Indianola, PA, USA). For image acquisition a fast spin echo sequence was used with 256 mm × 256 mm FOV, 
512 × 512 resolution, 2mm slice thickness with 2mm spacing, TR = 15000ms, TE = 159ms, 90o flip angle, 20 echo train length and NEX = 2. By extracting the rectum, 
prostate and tumor outlines manually from the pre-compression image, a FE model was generated (Figure 3) and the proposed elastography technique was employed to 
reconstruct the Young’s moduli. Uniaxial compression tests were performed on cylindrical samples of the background, prostate capsule and tumor tissues to measure 
the true Young’s moduli independently. 
Results: The uniaxial compression test performed led to Young’s modulus values of 26 kPa, 39 kPa and 76 kPa for the surrounding tissue (Es), prostate capsule (Ep) 
and the tumor (Et) yielding Et/Es and Ep/Es values of 2.92 and 1.5, respectively. In order to investigate the repeatability of the reconstruction technique with respect to 
segmentation errors, the prostate capsule and tumor outlines corresponding to the two pre- and post-compression states were manually segmented 10 times. The shape 
similarity-based elastography method was then applied with each of these input outlines in conjunction with FEM. The errors for Et/Es and Ep/Es were calculated at 
4.31±2.07% and 8.80±2.64%, respectively.  
Conclusion and discussion: A novel MR prostate elastography technique was proposed with the aim of improving prostate T2-weighted MR imaging specificity. The 
advantage of this technique lies in its modest requirements as it requires only two images of the prostate undergoing two states of pre and post-deformation. This means 
that a conventional MR scanner is sufficient to develop the proposed elastography system while no additional hardware or software is necessary for the tissue 
displacement data acquisition. The small average error observed in this study is encouraging, and indicates that distinguishing prostate cancer from benign prostatic 
hyperplasia (BPH) may be feasible. Based on Krouskop et al.3 measurements, there is a contrast of 3 between BPH tissue elasticity and cancerous tissue elasticity. As 
the concept is not limited to the number of inclusions, this technique can be extended to reconstruct elasticity modulus of multifocal tumor cases.  

  
Figure 1. Flow chart of the proposed elastography 
method. 

Figure 2. Endorectal MRI Tissue 
mimicking phantom consisting of 
prostate, tumor and the surrounding 
tissue 

Figure 3. T2-weighted MR images of prostate phantom in pre-
deformation (left) and post-deformation (middle) states, and the 
corresponding FE model (right).  
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