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Target audience: MRI physicists, researchers and clinicians interested in relaxometry 
Purpose: To develop a sequence and signal model to simultaneously fit spin density M0, and relaxation times T1 and T2 with a modified multi-echo 
spin-echo (MSE) approach. Robust quantitative MRI sequences that are commonly used usually require time consuming acquisition techniques, e.g. 
MSE or turbo inversion recovery (TIR). Increasing effort is put in the development of multi-parametric MRI to accelerate the measurement by 
simultaneously estimating the parameters of interest1,2. In this work we propose a method utilizing the Generating Functions approach3 for the 
description of the evolution of transversal and longitudinal magnetization components throughout a CPMG echo train. It was shown previously that 
the GF enables accurate determination of T2 values from MSE data even under non-ideal conditions (flip angle inhomogeneities, slice profiles)4. In 
the proposed sequence the refocusing flip angle is deliberately reduced which enables the longitudinal magnetization to recover and, additionally, 
reduces SAR. The regrown magnetization provides the possibility to acquire an additional “T1 Echo” for simultaneous T1 estimation using a 
dedicated Generating Functions model. 
Methods: A modified MSE (MOMSE) sequence (fig. 1) was used to acquire images 
with different contrast weighting (3T, Skyra, Siemens, τ=13ms, 32 echoes, 
TR=5000ms, 2x2x4 mm res.). The refocusing flip angle α was reduced (90°, 45°) and 
an additional spin-echo was acquired after the spoiler gradients at the end of the echo 
train. The signal evolutions can be calculated by the GF approach which provides a 
closed form solution in the so called z-domain. The signal in the time domain can 
then be computed by evaluating 
the GF expression for z=exp(iφ) 
around the unit circle in the 
complex plane and subsequent 
inverse DFT4. 
The derived formulas for the transverse and longitudinal 
magnetizations, F(z) and L(z), respectively, depend both 
on E2=exp(-τ/T2) and E1=exp(-τ/T1), as well as the spin 
density M0, and the excitation (β) and refocusing (α) flip angles. Additionally, in all calculations non-ideal slice profiles were considered by 
summation over a range of flip angles determined from the applied RF-pulses by the forward Shinnar-Le Roux transform. 
The measured data of the evolution of a whole slice profile was compared to simulated data for a phantom. Therefore, the signal intensity of the “T1 
Echo” has to be computed using L(z) considering the additional relaxation/nutation effects during the spoiling and spin echo period.  
Finally, M0, T1, and T2 were fitted for 6 phantoms (Water, Agarose, Gd doped) and compared to references values acquired with a MSE and a TIR 
sequence. 
Results: Fig. 2 displays a comparison of measured and simulated data of the time 
evolution of a slice profile in a α=45° MOMSE acquisition. The simulations are in 
excellent agreement with the measured data, especially for the “regular” echoes. 
The excellent data fits we achieved with our method are shown in fig. 3 for 3 
selected phantoms. Tab. 1 lists the reference values and MOMSE estimates for T1 
and T2 of 6 phantoms. Good agreement was found for T2 values, whereas for T1 a 
higher uncertainty was observed. For T2 the 90° acquisitions seems to be more 
accurate, for the T1 the 45° acquisition. 

Discussion & Conclusion: In this work 
we presented a modified MSE sequence 
and derived the corresponding signal 
model using the GF formalism. The 
accordance of simulated and measured 
data is excellent; however, from the 
estimated T1 values it seems that the T1 
sensitivity is still not entirely sufficient. 
This suggests imaging at even lower flip 
angle given SNR is high enough. However, 
a systematic investigation of the sensitivity 
is desired. Further, we think the presented 
model is very suitable for under sampled 
acquisition schemes with varying TR and a 
model based reconstruction. 
Because of the spin echo character of the 
sequence, it is robust against B0 
inhomogeneities. Furthermore, due to the 

lower flip angles used the SAR is substantially reduced. This, however, comes at the 
price of somewhat lower SNR. These features render this sequence absolutely applicable at high field scanners. 
References: (1) Ma et al., Nature 2013; (2) Schmitt et al., MRM 2004; (3) Lukzen et al., JMR, 2009; (4) Petrovic et al., MRM 2014 
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Fig. 1: MOMSE sequence. α < 180° and additional „T1 Echo“ 

Tab. 1: Reference (TIR and MSE with GF fit4) T1 and T2 
values and values simultaneously obtained using MOMSE. 

T1 (TIR) 
(ms) 

T1 (α= 
45°) 
(ms) 

T1 
(α=90°) 

(ms) 

T2 
(MSE) 
(ms) 

T2 (α= 
45°) 
(ms) 

T2 (α= 
90°) 
(ms) 

1938 1677 1780 138 125 127 

617 589 572 110 104 110 

285 233 226 88 84 85 

603 687 709 39 39 40 

975 834 792 373 413 413 

380 391 376 98 86 92 

1890 1550 3195 34 39 31 

Fig. 2: Evolution of the MOMSE 
slice profile for 5 selected echoes. 
#32 is the “T1 Echo” 

Fig. 3: Signal evolution and fits for 3 different phantoms. 
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