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Abstract. Myelin containing in basal ganglia in multiple sclerosis patients was evaluated using 
new noninvasive quantitative MRI method fast whole brain macromolecular proton fraction 
mapping. Myelin level in globus pallidus and putamen significantly decreased in multiple 
sclerosis patients as compared with healthy control subjects but not in substantia nigra and 
caudate nucleus.  
Key words: multiple sclerosis, macromolecular proton fraction, demyelination, magnetic 
resonance imaging, subcortical gray matter. 

1. Introduction 
Multiple sclerosis was used to determine as white matter disease because plaques, main marker of MS, 
were clearly visualized [1]. At present it was obvious that gray matter damage which was poorly 
detectable using conventional MRI method occurred at the first stage of MS and correlated with 
clinical symptoms (both motor and cognitive) [2]–[4] Subcortical gray matter involvement in MS 
pathology was also observed [2], [5]but still need to be studied. In our research, basal ganglia 
demyelination in MS patients was evaluated using fast mapping of macromolecular proton fraction 
(MPF). The method of fast MPF mapping was developed by Yarnykh [6] and based on the 
magnetization transfer effect. Of note, relaxation-based MRI methods [7]–[9] are highly sensitive to 
paramagnetic ions and hardly appropriate for the assessment   of  demyelination in structures with high 
iron content, such as basal ganglia In contrast, MPF mapping is a highly-accurate quantitative method 
insensitive to iron and, therefore, very suitable for studying demyelination in gray matter in MS. 

We present the results of secondary analysis of earlier published data [4] aimed to identify the 
effect of demyelination on MPF in subcortical gray matter structures in MS.  

2. Methods 
3D MPF maps were obtained using 3T MRI scanner from 30 MS patients and 17 healthy control 
subjects. Detailed characteristics of the study population can be found elsewhere [4]. Caudate nucleus, 
putamen, globus pallidus and substantia nigra were outlined on MPF maps. Mean MPF values in each 
structure were calculated as average measurements within contours weighted by the contour area and 

MRI Biomed 2015 IOP Publishing
Journal of Physics: Conference Series 677 (2016) 012006 doi:10.1088/1742-6596/677/1/012006

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



then averaged between hemispheres. MPF values in each structure were compared between healthy 
control participants and MS patients using independent samples t-test (p<0.05).  

3. Results 
MPF values in the globus pallidus and putamen were significantly lower in the MS group as compared 
to the healthy control group ( p=0.008 and p=0.004 respectively). The group differences between MPF 
in caudate nucleus and substantia nigra were not significant, though the trend of MPF decrease was 
observed (Table 1).  

 
Table 1. Mean value of MPF in subcortical structures in control and MS groups 

Structure MS group Control group p 

Caudate nucleus 6.997 7.131 0.238 

Globus pallidus 9.656 10.150 0.001* 

Putamen 7.129 7.508 0.001* 

Substantia nigra 8.906 9.137 0.124 

* Statistically significant changes of MPF value in subcortical structures in MS patients in compared 
with healthy volunteers. 

 
In conclusion, subcortical structures in MS had different degree of myelin loss. The most 

demyelinated structures were the globus pallidus and putamen, but substantia nigra and caudate 
nucleus were minimally affected. 

Acknowledgments 
The study was supported by Russian Science Foundation (project №14-45-00040). The authors 
acknowledge Tomsk State University Competitiveness Improvement Program for the preparation of 
the manuscript.  

 
References  
[1] Hulst H and Geurts J 2011 BMC Neurol. 11 153. 
[2] Neema M, Arora A., Healy B, Guss Z, Brass S, Duan Y, Buckle G, Glanz B, Stazzone L, 

 Khoury S, Weiner H, Guttmann C and Bakshi R 2009 J. Neuroimaging 19  3–8. 
[3] Modica C, Zivadinov R, Dwyer M, Bergsland N, Weeks R and Benedict R 2014 AJNR. Am. J. 

 Neuroradiol  1–6. 
[4] Yarnykh V, Bowen J and Henson L 2015 Radiology 274 210-220 
[5] Tjoa C, Benedict R, Weinstock-Guttman B, Fabiano A, Bakshi R, 2005 J. Neurol. Sci., 234 

 17–24. 
[6] Yarnykh V. 2012  Magn. Reson. Med., 68 166–178 . 
[7] Whittall K, MacKay A, Graeb D, Nugent R, Li D and Paty D 1997 Magn Reson Med 37  34–43 
[8] Deoni S, Rutt B, Arun T, Pierpaoli C and Jones D 2008 Magn Reson Med 60 1372–1387. 
[9] Hwang D, Kim D-H and Du Y 2010  Neuroimage 52 198–204.  
 

MRI Biomed 2015 IOP Publishing
Journal of Physics: Conference Series 677 (2016) 012006 doi:10.1088/1742-6596/677/1/012006

2




