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A comparative study of two partial volume estimation methods with MP2RAGE data at 3T 
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Introduction: Cortical thickness estimation (CTE) is a widely used measurement tool to study neurodegenerative disorders and partial 
volume estimation (PVE) has been shown to improve this measure [1]. Partial volume (PV) effects occur when a voxel includes two 
different tissues. On monomodal images, the Linear Interpolation of intensity Means (LIMe) of two pure tissues used in [1] has been a 
common model for PVE. New sequences such as MP2RAGE [2] providing bimodal and co-registered images inspire the use of novel 
approaches such as the bi-exponential model [3] (BiExp). In this approach, the two co-registered echoes are used to quantify the 
amount of two tissues inside a voxel by solving a linear system with the prior knowledge of the sequence parameters and tissue 
properties. The current study compares the well established LIMe with the recently proposed BiExp. 

Material: Two healthy volunteers were scanned twice in a 3T Siemens Scanner with a 20-
channel head coil. The standard 3D isotropic (1mm3) MP2RAGE protocol was used. Three pure 
tissue masks were obtained after segmentation using an established method [4]: gray matter 
(GM), white matter (WM) and cerebrospinal fluid (CSF). PV maps were computed in the region 
defined around voxels classified as pure GM. Boundary masks (GM/WM and GM/CSF) were 
defined around pure GM to analyze the results on the two PV interfaces. MP2RAGE provides two 
signal echoes (S1 and S2) and a bias-free combined image	UNI Real S S / |S | |S | . 
Methods: In this section, we describe PVE at the GM/WM interface, α stands for the unknown 
fraction of pure GM in a voxel, similar approach is used for the GM/CSF interface.   
LIMe: A PV signal at the GM/WM interface is modeled as: s α α	μ 1 α μ 	where μ 	and μ  are the intensity means of GM and WM in UNI. Estimating α	is equivalent to 
interpolating the PV signal: α μ 	 / μ 	 μ 	 . The model is parameterized by μ  and μ 	(Fig. 1).  
BiExp: In the bi-exponential model, the two GM/WM PV signals are defined as a linear 
combination of two pure tissue signals:  1 , 1 M 1 M 1  1 , 1 M 1 M 1  

where 1  and 1  are the T1 of pure GM and WM. The linear system is solved for M ,M  which are the amounts of respective 
pure tissues in a voxel and the fraction is calculated as	α  M / M M . The model is parameterized by the T1 of pure tissues 
(Fig. 1). They are estimated in the T1 map produced by MP2RAGE. 
GM Volume measurement: For each PVE method the GM volume was estimated as the sum of pure GM, and PV values on both 
interfaces (GM/WM and GM/CSF) multiplied by the voxel resolution. 
Simulations: The three tissues were simulated with the T1 measured in the experimental data. Each GM interface was discretized with 
intermediate PV values where the signal is modeled as a linear combination of two pure tissue signals. The noiseless two echoes and 
UNI signals were simulated. Both methods were applied to estimate	α. PVE by LIMe can then be 
expressed in function of PVE by BiExp: . Experimental results were plotted one against the other 
and were treated as a joint probability distribution. This 2D histogram was integrated to get an 
average function representing the general behavior of BiExp against LIMe on real data. This 
function  was compared with 	obtained in the simulation. 
Results: The experimental results and the simulations are highly similar (Fig. 2). The highest 
disagreement between BiExp and LIMe is reached for =0.5 (Fig. 2), i.e. when GM and WM are 
equally mixed. LIMe underestimates GM PV in GM/WM (-5.5%) relatively to BiExp (Fig. 3) but 
overestimates it in GM/CSF (+2.5%).  

Discussion and Conclusion: The correlation between 
experimental results and simulations suggest that 
decomposing the PV signals in a sum of two pure tissue 
responses may achieve more accurate PVE. Our results 
show that BiExp is more accurate than LIMe, especially for 
equally shared voxels in GM/WM where the error is 
maximal: 5.6%. Fewer differences are observed in GM/CSF. Current work includes increasing 
the number of subjects and comparing how the two methods behave for CTE. 
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Fig. 1: Left: MP2RAGE outputs. LIMe 
computes the GM PV map with the UNI 
image and the tissue means. BiExp uses 

M1 and M2 together and the T1. 

Fig. 2: Simulated data plotted with 
circle markers. The experimental data 

 is plotted in plain darker gray. 

Fig. 3: Estimated GM volume in GM/WM 
with the two PVE methods on two subjects 

(A, B), test and retest. 
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