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Abstract 
 
Background: This study aimed to establish normal regional Magnetization Transfer Ratio (MTR) values in white and 
grey matter using 3-Tesla MRI in healthy adult subjects, with a particular focus on cortical and deep brain structures. 
It also aims to assess the variability of these values and provide a baseline for further pathological studies. 
Materials and Methods: Seventy healthy volunteers (28 females, 42 males, mean age 28 years) were included. MRI 
scans were performed using a 3.0 Tesla MRI scanner. Conventional cranial MRI sequences were acquired, followed 
by Magnetization Transfer Imaging (MTI) with off-resonance pulses. MTR maps were generated from proton density-
weighted images obtained with and without magnetization transfer pre-pulses. Measurements were performed in 
31 white matter and 9 grey matter regions, with additional assessments of CSF for noise control. Statistical analysis 
was carried out to compare MTR values across different brain regions. 
Results: The mean MTR value was significantly higher in white matter (23.9 ± 0.21) compared to grey matter (17.3 ± 
0.77). The corpus callosum had the highest MTR values within the white matter, particularly in the splenium, while 
the thalamus exhibited the highest MTR values in the grey matter. Regional variations were observed, with higher 
MTR values in the occipital and temporal lobes and lower values in the frontal and parietal lobes. MTR measurements 
showed excellent intra-observer (ICC > 0.9) and good inter-observer reliability (ICC 0.80–0.90). 
Conclusions: This study provides detailed MTR mapping of normal brain tissue, highlighting significant regional dif-
ferences between white and grey matter. The findings offer valuable baseline data for assessing structural changes 
in CNS diseases and for evaluating the efficacy of therapeutic interventions. MTR measurements demonstrate high 
reproducibility, making this technique a reliable tool in clinical and research applications for monitoring pathological 
alterations in the central nervous system. 
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 Öz 
 
Amaç: Bu çalışmanın amacı, sağlıklı yetişkin deneklerde 3 Tesla manyetik rezonans görüntüleme (MRG) kullanarak 
beyaz ve gri cevherde normal bölgesel Manyetizasyon Transfer Oranı (MTO) değerlerini, özellikle kortikal ve derin 
beyin yapılarına odaklanarak belirlemek, bu değerlerin değişkenliğini değerlendirmek ve daha ileri patolojik çalışma-
lar için bir temel oluşturmaktır. 
Materyal ve metod: Çalışmaya dahil edilen 70 sağlıklı gönüllünün (28 kadın, 42 erkek, ortalama yaş 28) MRG tarama-
ları 3.0 Tesla MRG tarayıcısı kullanılarak gerçekleştirildi. Konvansiyonel kranial MRG sekanslar elde edilmiş, ardından 
rezonans dışı darbelerle Manyetizasyon Transfer Görüntüleme  yapıldı. MTR haritaları, manyetizasyon transferi ön 
darbeleriyle ve bunlar olmadan elde edilen proton yoğunluk ağırlıklı görüntülerden oluşturuldu. Ölçümler, gürültü 
kontrolü için ek BOS değerlendirmeleriyle birlikte 31 beyaz cevher ve 9 gri cevher bölgesinde gerçekleştirildi. Farklı 
beyin bölgelerindeki MTO değerlerini karşılaştırmak için istatistiksel analiz yapıldı.  
Bulgular: Ortalama MTO değeri beyaz cevherde (23,9 ± 0,21) gri cevhere (17,3 ± 0,77) kıyasla önemli ölçüde daha 
yüksekti. Korpus kallozum, beyaz cevher içinde, özellikle spleniumda en yüksek MTO değerlerine sahipken, talamus 
gri cevherde en yüksek MTO değerleri saptandı. Oksipital ve temporal loblarda daha yüksek MTO değerleri ve frontal 
ve parietal loblarda daha düşük değerlerle bölgesel farklılıklar gözlendi. MTO ölçümleri mükemmel gözlemci içi (ICC 
> 0,9) ve gözlemciler arası iyi güvenilirlik (ICC 0,80–0,90) gösterdi. 
Sonuç: Bu çalışma, normal beyin dokusunun ayrıntılı MTO haritalamasını sunarak beyaz ve gri cevher arasındaki 
önemli bölgesel farklılıkları vurgulamaktadır. Bulgular, MSS hastalıklarındaki yapısal değişiklikleri değerlendirmek ve 
terapötik müdahalelerin etkinliğini değerlendirmek için değerli temel veriler sunmaktadır. MTO ölçümleri yüksek tek-
rarlanabilirlik gösterir ve bu tekniği merkezi sinir sistemindeki patolojik değişiklikleri izlemek için klinik ve araştırma 
uygulamalarında güvenilir bir araç haline getirir. 
 
Anahtar Kelimeler: Manyetizasyon Transfer Oranı, MTO, 3.0 Tesla, Manyetizasyon Transfer Görüntüleme, beyin. 
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Introduction 
Magnetic resonance imaging (MRI) is a radiological tool 
which offers a sensitive, safe, and non-invasive way of ima-
ging for central nervous system (CNS) diseases and monito-
ring the pathological alterations (1). The composed cont-
rast in conventional MRI sequences results from the proton 
density of free-water molecules, and different relaxation 
characteristics of protons in water molecules. Thus, con-
ventional MRI provides high sensitivity and low specificity 
for the detection of pathologies. Disease-related changes in 
water content or normal tissue losses due to edema, inf-
lammation, infection, tumor cell infiltration, demyelinating 
diseases such as gliosis and other diseases which may cause 
neuronal damage can produce similar signal changes. Also, 
there is a proton pool which is tightly bounded to lipid 
membrane or proteins. Due to their very short T2 time, 
these protons are not visible in conventional MR images. 
Magnetization transfer imaging (MTI) is a MRI technique 
which can be used to collect indirect information about this 
bound proton pool and obtain information about a patho-
logic entity (1-3).  
The pre-pulse method is used to selectively saturate the bo-
und proton pool by using the resonance characteristics or 
differential T2 time of the free and bound protons. This sa-
turation is transferred into free water protons in processes 
such as chemical transversion or spin diffusion, which result 
in significant decrease in the tissue signal intensity. There-
fore, the size of this effect is known as the magnetization 
transfer ratio (MTR), which represents the quantity and na-
ture of macromolecules in the areas of interest. It has been 
used increasingly to evaluate CNS-related diseases. In addi-
tion, it has a potential to investigate the efficacy of new 
experimental methods in multiple sclerosis (MS). The ef-
fects of variables such as age, sex, brain region, or domi-
nant hemisphere on MTR values and other MTR-influencing 
variables should be known to interpret these studies accu-
rately (4-13). In this study, we defined MTI method and re-
ferred clinical applications particularly in the field of neuro-
radiology. To serve a model for further pathological studies, 
we aimed to map regional MTR values in the normal 
white/grey matters (cortical-deep) in a group of adults 
using 3-Tesla MRI.  
In light of these considerations, this study aims to explore 
the regional variations in Magnetization Transfer Ratio 
(MTR) values across different areas of the brain, particu-
larly within the white and grey matter, using 3-Tesla MRI. 
By focusing on the normal cortical and deep regions in a 
cohort of healthy adults, we seek to establish baseline MTR 
values that can serve as reference points for future rese-
arch into various CNS pathologies. This detailed mapping 
will help enhance the understanding of the relationship 
between tissue composition and MTR, further supporting 
its clinical applications in evaluating neurodegenerative 
and demyelinating diseases, such as multiple sclerosis. 
 

 

Materials and Methods 
Study Population 
The study included a total of 70 volunteer healthy subjects 
without any pathology, as confirmed by conventional MRI. 
None of the subjects had any complaints.  Before entering 
into the MRI room, all metal objects or accessories were re-
moved. Exclusion criteria were as follows: having medical 
devices or equipment (internal fixation, metallic cover 
heart pacemakers, etc.) which can interfere with MRI imag-
ing; age outside the pre-specified interval (range, 20 to 40 
years); having measurement artifacts (confirmed by cere-
brospinal fluid [CSF]); having a parenchymal pathology in 
conventional series, systemic disease, and chronic symp-
toms. The ethics committee approved the protocol of the 
study (Bakırköy Sadi Konuk Hospital, Ethics Committee, 
Number:2015/04/05). A written informed consent was ob-
tained from each subject. The study was conducted in ac-
cordance with the principles of the Declaration of Helsinki.   
 
MRI protocol 
Images from all subjects were acquired in supine position 
with a 3.0 Tesla MRI Signal HD scanner (Siemens, MAGNE-
TOM Verio, Germany) by using a head coil. Initially, the rou-
tine cranial MRI protocol was applied to all subjects; then, 
MTI sequencing was performed on subjects who fulfilled 
the inclusion criteria. For conventional images, preview im-
ages were acquired to determine the sections in the axial-
sagittal and coronal planes. In accordance with the cranial 
MRI protocol, we obtained axial T1-weighted turbo spin 
echo (TSE) sequences, axial and coronal T2-weighted TSE 
sequences, axial fluid attenuated inversion recovery (FLAIR) 
sequences, and sagittal T1-weighted TSE sequence diffu-
sion-weighted images and apparent diffusion coefficient 
(ADC) maps through this images.  
Two different proton density-weighted images were ob-
tained with/without using an off-resonance magnetization 
pre-pulse with the identical variables and the identical lo-
calization in the axial plane to create MTR map in the MTI. 
The following variables were used: TR: 2400 ms, TE: 18 ms, 
flip angle: 150˚, field of view (FOV) 220*180*180 mm, re-
construction matrix 128*128, voxel size: 1.88*1.88*3.00. 
Saturation pre-pulse was an off-resonance pulse with a fre-
quency offset of 500 kHz and bandwidth of 488 Hz/px. 
Images of 70 sections were used to screen the whole brain. 
Thirty-five sections were obtained by using the MTI pulse, 
and 35 sections were obtained without using the MTI pulse. 
After MRI, images were processed with MTR equation and, 
then, sent to workstations for analysis. The specific absorp-
tion rate (SAR) values were within the range of Food and 
Drug Administration-approved limits during measure-
ments.  
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Image Analysis 
All cross-sectional images were evaluated in syngo Acquisi-
tion Workplace-ICS Tower 11E by using the Syngo.via (Sie-
mens Healthcare, Germany) software. The images were 
evaluated by two independent radiologists with nine (E.K.) 
and eight (V.K.) years of neuroradiology experience. The 
readers who performed the measurements evaluated the 
images independently and separately. In addition, for intra-
observer variability, the same measurements were per-
formed by the readers a second time at one-month inter-
vals. Interobserver variability was evaluated by averaging 
the measurements made by the readers at different times. 
First, conventional images were analyzed to confirm the ab-
sence of underlying pathologies. Then, to provide process 
standardization, a guide list and image maps of measuring 
range were created. The MTR maps and T1-weighted im-
ages were measured after synchronization. The areas of in-
terest in the MTR maps in all subjects were analyzed and 
saved accordingly. Both hemispheres were measured indi-
vidually, and midline structures were measured alone. The 
MTR values were measured in the right/left hemispheres, 
white matter/grey matters (cortical–deep), all localizations 
in the white matter and supra and infratentorial compart-
ments of the grey matter. The regional differences and 
mean MTR values with standard deviation (SD) of meas-
ured areas were statistically analyzed. In addition, MTR val-
ues of CSF samples were measured to provide noise con-
trol, and subjects with high noise values (CSF value >3 pu) 
were excluded. A total of 80 measurements were obtained 
from each subject; nine areas from the grey matter (i.e., 
cerebellum, temporal lobe, parietal lobe, precentral gyrus, 
occipital lobe, frontal lobe, head of the caudate nucleus, 
globus pallidus, putamen and thalamus) and 29 areas from 
the white matter (i.e., pericallosal area, brachium pontis, 
tectum, tegmentum, optic tract, middle and lateral cerebel-
lar peduncles, central white matter of frontal lobe, frontal 
lobe U-fibers (subcortical WM), parietal lobe central WM, 
parietal lobe subcortical WM, temporal lobe central WM, 
temporal lobe subcortical WM, optical radiation, occipital 
lobe central WM, occipital lobe subcortical WM, internal 
capsule; anterior and posterior crus and genus, external 
capsule, corpus callosum genu and splenium, centrum 
semiovale, corona radiata, parasagittal subcortical WM, 
periventricular WM, pons, and cerebellar WM) were taken 
bilaterally and three midline WM (i.e., anterior commis-
sure, fornix and body of corpus callosum) were taken uni-
laterally. The measurements of one CSF and total 79 paren-
chymal areas were evaluated with circular regions of inter-
est (ROIs). The selected ROIs were chosen to cover both 
cortical and deep regions commonly involved in neuro-
degenerative and demyelinating diseases. The ROIs were 
between 0.5 mm2 and 25 mm2 depending on the region. 
The subjects with high CSF values (> 3pu) were also ex-
cluded.  
 
 

Statically Analysis 
All statistical analyses were performed using SPSS version 
20.0 (SPSS Inc., Chicago, IL, USA). Variables were classified 
as either categorical or continuous. Categorical variables 
were presented as counts and percentages (%), while con-
tinuous variables were expressed as mean ± standard devi-
ation. The intraobserver and interobserver agreement for 
MTR values in normal brain tissue were assessed using the 
intra-class correlation coefficient (ICC). ICC values were in-
terpreted as follows: <0.4, poor agreement; 0.4–0.75, mod-
erate agreement; 0.75–0.9, good agreement; and >0.9, ex-
cellent agreement (14-16). For example, the intra-observer 
ICC for the splenium of the corpus callosum was 0.94, indi-
cating excellent reliability. Statistically, a p-value of <0.05 
was considered significant for all analyses. 
 
Results  
A total of 70 subjects were included in the study. Of these 
subjects, 28 (40%) were females, and 42 (60%) were males. 
The mean age was 28 years (range, 20 to 40 years). For 
male subjects, the mean age was 29 years and 26.5 years 
for males and females, respectively. 
Parenchymal MTR values of 41 areas (31 white matter ar-
eas, nine grey matter areas, and CSF) were measured for all 
70 subjects. Thirty-seven parenchymal measurements 
were evaluated bilaterally, and three midline measure-
ments were evaluated unilaterally (80 measurements for 
each subject). The mean MTR value in the white matter was 
higher, compared to the grey matter. The mean pu values 
for the grey matter and white matter were 17.3±0.77 (SD) 
and 23.9±0.21 (SD), respectively. The MTR maps showed 
homogeneous and uniform suppressions in the white mat-
ter and grey matter. In the grey matter, the lowest MTR val-
ues were obtained from the cerebellum and frontal lobe, 
while the highest values were obtained from the thalamus 
and globus pallidus. In the white matter, the lowest MTR 
values were obtained from the tectum, optic tracts, fornix, 
and anterior commissure, while the highest values were ob-
tained from the corpus callosum, posterior crus, and cen-
trum semiovale. In the comparison of the lobes, the highest 
mean MTR value was detected in the occipital and tem-
poral lobes for the grey matter, whereas the white matter 
MTR value of the temporal lobe was higher than the other 
lobes. The mean MTR value in the subcortical white matter 
was lower, compared to the central white matter. Accord-
ing to the classification of the values of the, lowest to high-
est values were obtained from the anterior crus, anterior 
genu, and posterior crus, respectively. Values for the cor-
pus callosum were homogenous, while the highest paren-
chymal MTR values were obtained from the corpus callo-
sum splenium, followed by the corpus callosum genu. In the 
brainstem, suppression of the tectum was higher, com-
pared to the mesencephalon and tegmentum. 
In addition, higher values were observed in the lateral crus 
cerebri, compared to the medial crus cerebri. The MTR val-
ues in pons and tegmentum values were similar, which also 
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showed similarities to the MTR values in the white matter 
cerebellum. The MTR values in caudate nucleus and puta-
men values were close, while MTR values in globus pallidus 
were slightly higher. However, MTR values in the thalamus 
were higher, compared to the aforementioned regions. Ta-
bles 1 and 2 present the measurements performed by two 
different radiologists at two separate time points for white 
matter, along with the ICC values indicating intra- and inter-
observer reliability. 

Similarly, Tables 3 and 4 display the measurements per-
formed by the same radiologists at two different time 
points for gray matter, along with the corresponding ICC 
values for intra- and inter-observer reliability. And the fig-
ures show the parenchymal levels at which the measure-
ments were made. 
The images in figures 1, 2, 3, 4, 5 and 6 show measurements 
in different regions. 

 
Table 1. Intra-observer reliability of measurements of magnetic transfer rates from white matter 

Localisation  Magnetisation Transfer Ratio (Reader 1) Magnetisation Transfer Ratio (Reader 2) 
 First measure-

ment  
Second meas-
urement 

R% First measure-
ment  

Second measure-
ment 

R% 

1. Corpus Callosum body  24.3±0.5  24.8±1.1 93.8 24.4±1.2 24.9±1.1 90.1 
2. Pericorpus callosum WM 24.5±0.7  24.1±0.7 91.2 23.9±0.7 24.1±0.6 84.1 
3. Brachium pontis  23.2±0.8  23.3±0.7 96.1 23.0±0.6 22.8±0.8 87.2 
4. Tectum  21.7±0.6  22.0±1.0 93.2 22.2±0.9 22.1±1.0 86.3 
5. Tegmentum  23.1±0.7  23.0±0.9 96.8 23.1±0.9 22.9±0.9 90.2 
6. Optic tract  22.0±1.0  21.4±1.5 97.8 21.7±1.4 21.4±1.2 83.7 
7. Cerebral pedincul medial  23.5±0.9  23.6±1.3 97.7 23.4±1.2 23.9±1.2 86.7 
8. Cerebral pedincul lateral  24.2±0.8  24.3±1.3 98.2 24.1±1.2 24.3±1.2 87.9 
9. Frontal lobe central  24.1±0.9  24.8±0.9 88.7 24.5±1.0 24.6±0.9 92.1 
10. Frontal lobe subcortical  23.6±0.9  24.3±0.9 87.1 24.1±0.8 24.2±0.8 89.1 
11. Parietal lobe central  24.5±1.1  25.2±1.0 89.2 24.8±1.2 24.8±0.9 96.7 
12. Parietal lobe subcortical  24.3±0.5  24.5±0.8 97.8 24.3±0.9 24.2±0.9 94.1 
13. Temporal lobe central  25.0±0.6  25.7±1.0 90.1 25.3±1.3 25.3±1.1 97.1 
14. Temporal lobe subcortical  24.5±0.8  25.1±1.1 91.2 24.7±1.2 24.5±0.9 94.2 
15. Optic radiations  24.7±0.7  25.1±0.9 93.1 24.8±1.1 24.8±1.2 97.1 
16. Occipital lobe central  24.5±0.9  24.9±0.8 92.5 24.6±0.8 24.7±0.7 96.2 
17. Occipital lobe subcortical  24.0±1.1  24.3±0.8 95.2 24.1±0.9 24.3±0.8 93.4 
18. Internal Capsul anterior 
Crus 

24.2±0.8  23.5±1.1 89.8 23.4±1.1 23.5±0.9 97.5 

19. Internal Capsul genu  24.6±0.7  24.6±1.0 98.7 24.3±1.1 24.6±1.1 89.8 
20. Internal Capsul posterior 
Crus  

25.3±0.7  25.5±0.9 96.2 25.1±1.2 25.3±1.1 95.2 

21. External Capsul  23.0±0,5  23.1±0.8 97.1 23.1±0.7 22.5±0.9 92.1 
22. Corpus Callosum genu  25.9±0.8  26.0±0.9 93.1 25.5±1.3 26.1±0.8 92.8 
23. Corpus Callosum splenium  26.1±0.8  26.5±1.0 94.0 26.1±1.2 26.5±1.1 96.1 
24. Fornix  21.8±0.7  21.6±1.1 96.4 21.9±1.2 21.2±1.0 87.4 
25. Centrum semiovale  25.1±0.4  24.9±0.7 95.1 24.6±0.9 24.8±0.9 89.1 
26. Corona radiata  24.2±0.5  24.3±0.9 97.1 24.1±0.9 24.1±0.8 96.5 
27. Parasagital subcortical WM 24.1±0.4  23.9±1.0 96.3 23.8±0.9 23.7±0.7 97.4 
28. Periventricular WM  24.0±0.6  23.8±0.9 94.1 23.6±0.8 23.7±0.8 98.1 
29. Anterior commissur  21.4±0.9  21.3±1.4 97.3 21.6±1.3 21.2±1.1 92.1 
30. Pons  23.2±0.6  22.7±0.8 93.9 22.7±0.7 22.4±0.7 98.1 
31. Cerebellum  23.2±0.6  22.7±0.8 94.2 22.6±0.7 22.4±0.8 96.0 

%R Relative coefficient of reliability 
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Table 2. Inter-observer reliability of measurements of magnetic transfer rates from white matter 
Localisation  Mangnetisation Transfer Ratio  
 Reader 1 average measurement  Reader 2 average measurement R% 
1. Corpus Callosum body  24.6±0.8 24.5±1.1 84.4 
2. Pericorpus callosum WM 24.3±0.7 24.0±0.6 83.2 
3. Brachium pontis  23.2±0.7 22.9±0.7 87.2 
4. Tectum  21.9±0.8 22.1±1.0 86.1 
5. Tegmentum  23.0±0.8 23.0±0.9 89.2 
6. Optic tract  21.7±1.3 21.5±1.3 87.8 
7. Cerebral pedincul medial  23.6±1.1 23.6±1.2 87.7 
8. Cerebral pedincul lateral  24.3±1.1 24.2±1.2 88.2 
9. Frontal lobe central  24.5±0.9 24.6±0.9 88.3 
10. Frontal lobe subcortical  23.9±0.9 24.2±0.8 85.4 
11. Parietal lobe central  24.8±1.0 24.7±0.9 84.7 
12. Parietal lobe subcortical  24.4±0.7 24.2±0.9 87.8 
13. Temporal lobe central  25.2±0.8 25.2±1.1 89.1 
14. Temporal lobe subcortical  24.9±0.9 24.6±1.0 83.2 
15. Optic radiations  24.9±0.8 24.7±1.2 87.1 
16. Occipital lobe central  24.7±0.8 24.7±0.8 82.5 
17. Occipital lobe subcortical  24.1±0.8 24.2±0.8 85.2 
18. Internal Capsule anterior Crus 23.8±1.0 23.5±0.9 89.8 
19. Internal Capsule genu  24.6±0.8 24.5±1.0 90.7 
20. Internal Capsule posterior Crus  25.4±0.9 25.2±1.0 90.2 
21. External Capsule  23.0±0.9 22.8±0.8 87.1 
22. Corpus Callosum genu  26.0±0.9 25.8±0.8 83.1 
23. Corpus Callosum splenium  26.3±0.9 26.3±1.1 94.3 
24. Fornix  21.7±0.9 21.5±1.0 86.4 
25. Centrum semiovale  25.0±0.5 24.7±0.9 82.1 
26. Corona radiata  24.3±0.7 24.1±0.8 87.1 
27. Parasagittal subcortical WM 24.0±0.8 23.7±0.8 86.3 
28. Periventricular WM  23.9±0.9 23.7±0.7 89.1 
29. Anterior commissur  21.3±1.3 21.3±1.2 90.3 
30. Pons  22.9±0.8 22.5±0.8 82.9 
31. Cerebellum  22.9±0.7 22.5±0.8 87.2 

%R Relative coefficient of reliability 
 

Table 3. Intra-observer reliability of measurements of magnetic transfer rates from gray matter 
Localisation  Magnetisation Transfer Ratio (Reader 1) Magnetisation Transfer Ratio (Reader 2) 
 First measure-

ment  
Second meas-
urement 

R% First measure-
ment  

Second measure-
ment 

R% 

Cerebellum  13.6±1.4 13.8±1.4 92.7 13.2±1.1 13.6±1.2 91.8 
Temporal lobe  16.7±1.4 16.5±1.4 97.3 16.3±1.2 16.1±1.4 96.3 
Parietal lobe  16.2±1.9 16.3±1.7 95.4 16.0±1.1 16.2±1.7 94.4 
Occipital lobe  16.2±1.4 15.9±1.2 90.8 16.0±1.3 15.8±1.3 91.4 
Frontal lobe  14.2±1.6 14.3±1.3 94.9 14.0±1.4 14.5±1.2 93.9 
Caudate nucleus  18.7±1.1 18.8±1.0 94.5 18.6±1.3 18.9±1.1 93.5 
Globus pallidus  19.6±1.4 19.5±1.1 90.4 19.4±1.6 19.4±1.2 91.8 
Putamen  22.5±1.1 22.3±0.9 91.0 21.5±1.1 22.1±0.8 90.0 
Thalamus  22.9±1.1 22.6±0.9 87.9 22.6±1.4 22.4±0.9 91.9 

%R Relative coefficient of reliability 
 
Table 4. Inter-observer reliability of measurements of magnetic transfer rates from gray matter 

Localisation  Magnetisation Transfer Ratio  
 Reader 1 average measurement  Reader 2 average measurement R% 
Cerebellum  13.7±1.4 13.4±1.2 89.7 
Temporal lobe  16.6±1.4 16.2±1.4 87.3 
Parietal lobe  16.6±1.9 16.1±1.7 85.4 
Occipital lobe  16.0±1.4 15.9±1.3 91.8 
Frontal lobe  14.3±1.6 14.3±1.2 91.9 
Caudate nucleus  18.7±1.1 18.7±1.1 92.5 
Globus pallidus  19.5±1.4 19.4±1.4 90.5 
Putamen  22.4±1.1 21.8±0.8 89.8 
Thalamus  22.7±1.1 22.5±0.9 88.9 

%R Relative coefficient of reliability 
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Figure 1. a) MTR measurement level from down to up. Pons level measurement examples: ROI 67-68: right and left middle, cerebellar 
pedincullus, ROI 69-70: Pons right and left half, ROI 71-72: right and left cerebellar white matter, ROI 73-74: right and left cerebellar 
gray matter b) inferior mesencephalic level. ROI 55-56: right and left Tegmentum 
 

 
 

Figure 2. a) Superior mesencephalic level ROI 39-40: right and left optic tractus, ROI 41-42: right and left crus cerebri medial, ROI 43-
44: right and left crus cerebri lateral, ROI 45-46 right and left half of tectum, ROI 75-76: right and left occipital gray matter, ROI 78 79: 
right and left temporal gray matter. b) Cerebrum basal level ROI 37: anterior commissur, ROI 63-64: right and left optic radiations 
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Figure 3. a) Inferior basal ganglia level. ROI 33-34: right and left globus pallidus, ROI 35-36: right and left periventricular white matter  
b) basal ganglia level  
ROI 1-2: right and left thalamus ROI 3-4: right and left head of caudat nucleus  
ROI 5-6: Right and left capsula interna anterior crus  
ROI 7-8: Right and left putamen ROI 9-10: right and left capsula interna genu  
ROI 11-12: Right and left halfs of corpus Callosum genu  
ROI 13-14: Right and left halfs of Corpus Callosum splenium ROI 15-16: Right and left external capsule, ROI 17-18: Right and left peri-
ventricular white matter 
 

 
 

Figure 4. a) Upper basal ganglia level ROI 26-27: right and left pericorpus callosum  
ROI 28-29: right and left internal capsule genu, ROI 30: Fornix, ROI 31-32: right and left internal capsule posterior krus ROI 47-48: Right 
and left halfs of Corpus Callosum genu 
ROI 50-51: Right and left halfs of corpus callosum splenium. b) Upper ventriculary level. ROI 25: body of corpus callosum, ROI 51-52: 
right and left  corona radiata, ROI 53-54: right and left frontal gray matter 
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Figure 5. a) Supraventriculary level. ROI 21-22: right and left frontal deep white matter, ROI 23-24: right and left frontal subcortical 
white matter, ROI 55-57: right and left parietal deep white matter, ROI 56-58: right and left parietal subcortical white matter. b) upper 
centrum semiovale level. ROI 59-60: right and left parietal gray matter. 
 

 
 

Figure 6. Centrum semiovale level. ROI 19-20: right and left centrum semiovale 
 
Discussion 
Tissue-contrast mechanisms in conventional MRI depend 
on three major features: density of free water protons, 
spin-lattice (T1), and spin-spin (T2) relaxations. Indeed, 
conventional MRI has low specificity in terms of detecting 
pathological processes. On the contrary, MTI has a unique 
contrast mechanism, which allows monitoring the macro-
molecule bound protons, which are not visible in conven-
tional MRI (4). The MTR values in the brain have shown  
 

promise in detecting the structural damages of the white 
matter, demyelinating pathologies, particularly in disease 
such as MS (5,6,12,13).  Regional MTR values and its varia-
tions of the normal brain should be known to understand 
how and what extent demyelinated white matter diseases 
alter the MTR values, which is considered more specific to 
structural white matter injury.   
In this study, we identified regional MTR values in the nor-
mal white/grey matters (cortical-deep) in adults and evalu-
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ated differences in the regional MTR values. We also dis-
cussed variations and possible reasons of these variations. 
We selected off-resonance MTI pulses with spin eco-based 
sequences to obtain MTR measurements. For dividing the 
brain into different zones, we used the table by Mehta et 
al. (17) with minor modifications, as it is helpful to evaluate 
more brain regions rather than other available methods 
(17,18).   
Previous studies have demonstrated that MTR values vary 
among anatomic structures in the normal brain (1,17,18). 
The MTR values in the normal white matter are relatively 
high, compared to the grey matter (1,17,19). Moreover, 
MTR values show variations across different regions in the 
white matter; the highest MTR values are seen in the cor-
pus callosum (1,17,20). The MTR value of the deep white 
matter is relatively low, compared to the corpus callosum. 
Different lobes have similar values. Subcortical U-fibers 
have lower MTR values. The highest MTR value in the grey 
matter is detected in the thalamus. Compared to thalamus, 
caudate nucleus, globus pallidum and putamen have simi-
lar, but relatively lower MTR values (17). Regional varia-
tions in myelination are accompanied by regional variations 
in MTR values. In addition, physiological age-related 
changes in MTR values have been observed in developing 
and adult brain (21,24). In another study, Engelbrecht et al. 
showed age-depended alterations in the MTR values in pe-
diatric brain regions (22). The causes of the differential sat-
uration are elevated myelination and galactocerebroside 
concentration due to the maturation (22). Mehta et al. (17) 
reported no significant differentiation between two-hemi-
sphere, while Silver et al. (1) obtained higher values from 
left hemisphere. The differential MTR of the normal brain 
may be related to the fiber density, degree of myelination, 
degree of tissue hydration, and vascularization. The age-de-
pendent and age-independent variations in MTR values in 
the normal brain should be considered in the analysis of re-
gional MTR values in the affected brain. 
In the present study, we used lower offset frequency (500 
Hz) off-resonance pulse to decrease energy depolarization 
and as a result our MTR values were lower, compared to 
the previous findings. Our findings on the regional varia-
tions are consistent with findings of Mehta et al. (17) similar 
to previous studies; we observed higher MTR values in the 
white matter, compared to the grey matter (Tables 1,2,3 
and 4-Figures 1, 2, 3, 4, 5 and 6). The degree of myelination, 
cerebroglycosides, phosphatidylcholine, and cholesterol in 
the white matter may have played a role in these results.   
Moreover, we found the highest MTR values in the corpus 
callosum. Within the corpus callosum, the highest MTR 
value was detected in the splenium (Tables1 and 2-Figure 
2). According to the literature data, corpus callosum has the 
highest MTR value within the white matter Within the car-
pus callosum, Mehta et al. (1) observed the highest MTR 
value in genu, while Silver et al. (1) and Garcia et al. (25) 
found the highest MTR value in the splenium. Corpus callo-

sum has a large number (about 300 million fibers) of mye-
linated commissural fibers, which results in higher MTR val-
ues (26). Similar to Mehta et al. (17), we observed higher 
MTR values in the deep white matter, compared to the sub-
cortical white matter at the lobar level (Tables 1 and 2-Fig-
ure 3).  
Furthermore, the MTR values in the temporal and occipital 
lobes of the white matter were higher, compared to parie-
tal and frontal lobes in our study (Tables 1 and 2-Figure 5). 
These results are also consistent with the findings of Mehta 
et al. (17). On the other hand, Silver et al. (1), Garcia et al. 
(25) and Tozer et al. (27) reported higher values in the 
frontal lobe. The MTR values in the periventricular white 
matter were similar, and MTR values in the centrum semi-
ovale were higher, consistent with the literature (Tables 
1and 2-Figures 2 and 3). In the internal capsule, as in the 
studies of Mehta et al. (17) and Garcia et al. (25), we ob-
served the highest value in the anterior crus, followed by 
the anterior genu, and posterior genu (Tables 1 and 2-Fig-
ure 2). The MTR values in the posterior crus were higher, 
compared to the lobes of deep and superficial white matter 
(Tables1 and 2-Figures 2 and 3). Long and myelinated corti-
cospinal tract fibers, which start from the primer motor cor-
tex, constitute fibers of posterior crus, and the higher pos-
terior crus values may be related to this.  
In the evaluation of the structures of the posterior fossa 
white matter, we observed similar MTR values in pons, cer-
ebellum, and brachium pontis, which were higher, com-
pared to tectum and tegmentum. The lowest MTR values 
were observed in the tectum (Tables 1 and 2-Figure 1). 
There is no available data on MTR values in the pons and 
cerebellum in the literature. Mehta et al. (17) determined 
MTR values in tectum, tegmentum and brachium pontis. 
Contrary to our findings, the authors determined the high-
est MTR value in the tectum. Similar to Mehta et al. (17), 
we found higher MTR values in the lateral region of cerebral 
crus, compared to the medial region (Tables1 and 2-Figure 
1). This can be due to the presence of fibers coming from 
posterior crus of internal capsule, whereas fibers coming 
from anterior crus of internal capsule and frontopontin fi-
bers are present in the medial region. 
Similar to the literature data, we determined the highest 
MTR value in the grey matter in the thalamus (Tables 3 and 
4-Figure 2). A potential explanation for this finding is the 
presence of many afferent and efferent fibers in the thala-
mus (26). Consistent with the previous findings, we deter-
mined higher MTR values in the grey matter of the tem-
poral lobe and the occipital lobe, which were lower com-
pared to the basal ganglia (Tables 3 and 4-Figure 1). 
In the comparison of the MTR values among basal ganglia, 
the highest value was found in the thalamus, followed by 
globus pallidus, putamen, and head of caudate nucleus (Ta-
bles 3 and 4-Figure 3). These findings are consistent with 
Garcia et al. (25); however, Mehta et al. (17) observed sim-
ilar MTR values in the putamen and caudate nucleus, and 
higher MTR values, compared to the globus pallidus. Similar 
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to Garcia et al. (25), we found higher MTR values in the ba-
sal ganglia, compared to the other lobes. However, Mehta 
et al. (17) reported higher MTR values in the temporal lobe, 
compared to the globus pallidus. 
Nonetheless, this study has a certain limitation as data 
were obtained from only a group of middle-aged individu-
als. Therefore, we were unable to evaluate the effect of age 
and dominance. However, we believe that our findings are 
highly valuable, as we used 3T-MRI to contribute to further 
studies. 
In our study, we demonstrated that Magnetisation Transfer 
Ratio (MTR) measurements exhibit intra-observer agree-
ment exceeding 90% (excellent agreement) and inter-ob-
server agreement ranging between 80% and 90% (good 
agreement). These findings indicate that MTR measure-
ments are highly reproducible and can yield reliable and ac-
curate results even when performed by different observ-
ers. The results support the utility of MTR as a standardized 
measurement tool in both clinical practice and research 
settings. 
 
Limitations 
One limitation of this study is the relatively small sample 
size, which may affect the generalizability of the findings to 
the broader population. Additionally, while 3-Tesla MRI 
provides high-resolution imaging, the sensitivity of the MTR 
technique to detect subtle pathological changes in tissue 
composition may be limited by factors such as the resolu-
tion of the MRI scanner and the influence of motion arti-
facts. Furthermore, the cross-sectional design of the study 
prevents the assessment of longitudinal changes in MTR 
values over time, which could provide more insights into 
disease progression or the effects of treatment. Although 
hemispheric dominance was not assessed, previous studies 
have reported minimal impact of dominance on MTR values 
(28). Finally, other factors, such as individual variations in 
hydration status, medication use, or comorbidities, were 
not controlled for and could influence the MTR measure-
ments.  
 
Conclusion 
In conclusion, MTR measurement has the potential to eval-
uate pathological and physiological structural alterations in 
CNS in vivo, and the method is an invaluable tool which can 
provide enhanced sensitivity and specificity in the evalua-
tion of the pathological processes. In addition, MTR meas-
urement has the potential to evaluate response to treat-
ment, and therapeutic efficacy. On the other hand, biolog-
ical variations in the normal brain regions should be consid-
ered in the interpretation of these findings. Therefore, we 
conclude normal MTR values in different brain regions to 
use as indices in further studies in which 3T MRI will be used 
with the variables described in this study. 
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