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INTRODUCTION: 
Yeung et al described that fat degeneration of bone marrow related to 
osteoporosis, i.e., low BMD, was reflected by a decreasing apparent 
diffusion coefficient (ADC) [1]. In addition we earlier reported that 
the ADC was correlated with the BMD and fat fraction [2], but the 
relation between the restricted diffusion of the water molecules and 
the trabecular bone structure was unclear. On the other hand, 
numerous studies indicated that the diffusion-weighted signal from a 
single voxel could be described as the sum of two exponential 
functions, i.e., fast and slow diffusing components [3]. The purpose of 
our study was to clarify the relationship between those diffusing 
components and trabecular bone structure with an original phantom.  
 
METHODS: 
On a 1.5-T MRI, single-shot diffusion EPI was used with b values of 0 
to 3000 s/mm2, and a sensitivity encoding technique. We obtained the 
signal decay with b from selected regions of interest within a 
trabecular bone phantom, which consisted of seven sponges changing 
the interspace areas, and dry vertebral bone in a container filled with 
pure water (Fig.1). Then these signals were fitted by using 
biexponential function after noise correction. 
 
RESULTS AND DISCUSSION: 
A significant positive correlation was found between mean effective 
interspace diameter of the simulated trabecular bone and the fraction 
or ADC of the fast component (Fig. 2a and b). On the other hand, a 
significant negative correlation was found between the interspace 
diameter of the simulated trabecular bone and fraction of the slow 
component (Fig. 2c), and a strong positive correlation was found 
between the interspace diameter and the ADC of the slow component 
(Fig. 2d). These results show that restricted diffusion of the water 
molecules depends on the interspace diameter of the simulated 
trabecular bone and fraction of each component. Moreover, the 
fraction and the ADC of the dry vertebral bone agreed with those of 
the simulated trabecular bone (Fig. 2). This result means that our 
phantoms can reproduce actual trabecular bone structure, which 
induces the restricted diffusion. 
 
CONCLUSION: 
Our original phantom enables to assess restricted diffusion, and the 
analytical method could obtain more detailed information on 
trabecular bone structure. 
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Fig. 1 Trabecular bone phantom. (a)  Phantom container, (b) 
simulated trabecular bone, and (c) dry vertebral bone. 
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Fig. 2 Relation among each diffusion component, interspace 
diameter of the simulated trabecular bone (  ) and dry vertebral 
bone (    ). (a) Fraction of the fast diffusing component, (b) ADC of 
fast diffusing component, (c) fraction of the slow diffusing 
component, and (d) ADC of the slow diffusing component. 
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