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Summary 
 
Objective: To reveal hidden pathological distortions in normal appearing white matter 
(NAWM) and corpus callosum (NACC) of patients with clinically isolated syndrome (CIS) 
using advanced magnetic resonance imaging (MRI) sequences. 
Methods: Twelve patients with CIS and 12 age and sex-matched healthy individuals were 
enrolled in the study. Duration of the disease and first and last Expanded Disability Status 
Scale (EDSS) scores were recorded. In both groups, SE T1 WI, PD WI, SE T2 WI, FLAIR, 
T1-W magnetization transfer imaging (MTI), GE T2 WI, GE T2-W MTI, diffusion weighted 
(DWI) and diffusion tensor imagings (DTI) were performed and used for obtaining apparent 
diffusion coefficient (ADC), fractional anisotropy (FA), T1 magnetization transfer ratio 
(MTR), and GE MTR in each group. Values obtained by measurements of these parameters 
from periventricular NAVW (4 locations) and NACC (2 locations) were compared between 
patient and control groups. Duration of the disease, and first and last EDSS scores were 
compared with T1 MTR values. Statistical significance was set as p < 0.05. 
Results: Mean T1 MTR values were significantly different at all locations, while GE MTR, 
ADC and FA values were not. Disease duration was found to have a moderate negative 
significant correlation with T1 MTR values at the splenium of the corpus callosum (r: -0.653, 
p: 0.021). 
Conclusions: We believe that T1-W MTI and T1 MTR will be of benefit in demonstrating 
subtle pathological distortions of the NAWM and NACC of patients with CIS. 
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Klinik İzole Sendromlu Hastalarda Normal Görünümlü Beyaz Madde Anormallikleri 
Tanımlayabilir miyiz? Magnetizasyon Transfer Görüntülemenin Kullanımı 

 
Özet 
 

Amaç: Klinik izole sendromlu (KIS) hastalarda normal görünen beyaz cevher (NGBC) ve 
korpus kallosumda (NGKK) saklı kalmış patolojik bozulmaları ileri manyetik rezonans 
görüntüleme (MRG) sekansları ile ortaya çıkarmak. 
Yöntem: Klinik izole sendrom tanılı12 hasta ile aynı yaş ve cinsiyette sağlıklı olgular 
çalışmaya alındı. Hastalık süresi ile ilk ve son Genişletilmiş Özürlülük Durum Ölçeği 
(GÖDÖ) skorları kaydedildi. Her iki grupta SE T1 ağırlıklı, PD ağırlıklı, SE T2 ağırlıklı, 
FLAIR, T1 ağırlıklı magnetizasyon transfer görüntüleme (MTG), GE T2 ağırlıklı, GE T2 
ağırlıklı MTG, difüzyon ağırlıklı (DAG) and difüzyon tensor görüntüleme (DTG) 
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gerçekleştirildi ve apparent diffusion coefficient (ADC), fraksiyonel anizotropi (FA), T1 
magnetizasyon transfer oranı (MTO), ve GE MTO'larının elde edilmesi için kulanıldı. 
Periventriküler NGBC (4 lokalizasyon) ve NGKK'dan (2 lokalizasyon) yapılan ölçümler ile 
elde edilen değerler hasta ve kontrol grupları arasında karşılaştırıldı. Hastalık süresi, ilk ve 
son GÖDÖ değerleri T1 MTO ile karşılaştırıldı. İstatistiksel anlamlılık p < 0.05 olarak 
belirlendi. 
Bulgular: Hasta ve kontrol grubunun ortalama T1 MTO ölçümleri tüm lokalizasyonlarda 
anlamlı farklılık gösterirken, GE MTO, ADC ve FA değerleri göstermedi. Korpus kallosum 
spleniumunda hastalık süresi ile T1 MTO ölçümleri arasında negatif yönde orta güçte anlamlı 
korelasyon bulundu (r:- 0.653, p: 0.021) 
Sonuç: KİS hastalarında NGBC ve NGKK'da gizli patolojik değişimleri göstermede T1 
ağırlıklı MTG ve T1 MTO'nun yararlı olacağını düşünmekteyiz. 
 

Anahtar Kelimeler: Multipl skleroz; klinik izole sendrom; beyaz madde; magnetik rezonans 
görüntüleme; magnetizasyon transfer görüntüleme; difüzyon ağırlıklı görüntüleme; difüzyon 
tensor görüntüleme 
 
 

INTRODUCTION 

Multiple sclerosis (MS) is the most 
common inflammatory demyelinating 
disease of the central nervous system(1,3). 
Clinical onset in most patients with typical 
MS is in the form of an acute or subacute 
demyelinating attack described as optic 
neuritis, isolated brainstem, isolated partial 
spinal cord syndrome or isolated 
hemispheric syndromes due to damage in a 
single part of the central nervous 
system(24). This type of disease 
presentation, which is suggestive of MS, is 
known as clinically isolated syndrome 
(CIS)(11). 

Conventional magnetic resonance imaging 
(MRI) is the preferred imaging method for 
the diagnosis of MS(14). However, 
conventional MRI cannot display the 
microstructural changes in normal-
appearing white matter (NAWM), which 
may be relevant to the severity of the 
disease and could change the therapy 
regimen. These changes can be shown with 
advanced MRI 
sequences(2,3,6,9,10,12,13,16,29,31). Like MS, 
showing microstructural pathological 
changes in NAWM in patients with CIS is 
important in helping to slow down disease 
progression to MS by early treatment. But 
there is no consensus about the 
microstructural changes that may present 

in the NAWM of patients with CIS by 
MRI(3,5,9,11,13,19,20,26,28,30,31). In this study we 
aimed to demonstrate the presence of 
possible microscopic structural changes by 
examining the NAWM and normal 
appearing corpus callosum (NACC) of 
patients with CIS with T1-weighted (W) -
magnetization transfer imaging (MTI), T2-
W gradient echo (GE) MTI, diffusion 
weighted imaging (DWI) and diffusion 
tensor imaging (DTI) in comparison with 
an age and sex-matched healthy control 
group. 

MATERIAL AND METHODS 

Patients 

Permission for the research was received 
from the Institutional Ethics Committee. 
Information about the purpose of the study 
and how the study would be performed 
was given to all patients and the control 
group, and an informed consent form was 
signed. 

Twelve patients (6 male, 6 female patients) 
with one demyelinating attack, followed-
up with a diagnosis of CIS by the 
Department of Neurology of our 
institution, and age and sex matched 
healthy individuals in a control group were 
included in the study. The control group 
was evaluated to exclude CIS or MS 
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disease by the Department of Neurology of 
our institution. 

The diagnosis of patients (optic neuritis or 
transverse myelitis) and disease duration 
(month) were determined. The Expanded 
Disability Status Scale (EDSS) test was 
performed for patients with CIS at the time 
of the first diagnosis and prior to MRI by 
the Department of Neurology of our 
institution in order to measure and evaluate 
inability in 8 functional systems(21). A 
score was given to the patients between 0 
and 10 in proportion to the severity of 
disease in which a score of 0 indicates a 
normal neurological examination, while 10 
points indicate death due to MS. 

Magnetization Resonance Imaging 

MRI was performed with a 1.5 Tesla 
magnetic resonance imager (Magnetom 
Symphony 1.5-T, Siemens Medical 
Solutions, Erlangen, Germany). Proton 
density (PD) and spin-echo (SE) T2-
weighted imaging (WI) were performed for 
the patient and control groups to identify 
the existence of lesions in white matter and 
corpus callosum. In the patient and control 
groups, SE T1 WI, PD WI and SE T2 WI, 
fluid attenuated inversion recovery 
(FLAIR), T1-W MTI, GE T2-WI, GE T2-
W MTI, DWI and DTI sequences were 
performed. For magnetization transfer ratio 
(MTR) measurements, T1-W MTI and GE 
T2-W MTI sequences, for the 
measurement of apparent diffusion 
coefficient (ADC) DWI, and for the 
measurement of fractional anisotropy (FA) 
DTI analysis were used. 

MRI sequences 

** SE T1 WI: Axial, slice thickness: 5 
mm, TR: 517 milisecond (msn), TE: 11 

msn, average: 2, matrix: 208x256, FOV: 
240 mm, 20 images. 

** Dual echo PD WI and SE T2 WI: Axial, 
slice thickness: 5 mm, TR: 3090 msn, TE: 
14/86 msn, average: 2, matrix: 448x512, 
FOV: 230 mm, 40 images.  

** FLAIR sequence: Axial, slice thickness: 
5 mm, TR: 9560 msn, TE: 114 msn, TI: 
2300 msn, average: 1, matrix: 256x256, 
FOV: 230 mm, 20 images.  

** T1 W MTI: Axial, slice thickness: 5 
mm, TR: 517 msn, TE 11 msn, average: 2, 
matrix: 208x256, FOV: 240 mm, 20 
images.  

** GE T2-WI: Axial, slice thickness: 5 
mm, TR: 794 msn, TE: 26 msn, FA: 20, 
average: 1, matrix: 166x256, FOV: 230 
mm, 20 images.  

** GE T2-W MTI: Axial, slice thickness: 5 
mm, TR: 794 msn, TE 26 msn, FA: 20, 
average: 1, matrix: 166x256, FOV: 230 
mm, 20 images.  

** DWI: EPI, Axial, slice thickness: 5 mm, 
TR: 3700 msn, TE 97 msn, b:0 sn/mm² and 
b: 1000 sn/mm², EPI factor: 128, 
bandwidth: 1260 Hz/px, average: 3, 
matrix: 128x128, FOV: 230 mm, 40 
images.  

** DTI: EPI, Axial, slice thickness: 5 mm, 
TR: 5000 msn, TE: 118 msn, EPI factor: 
128, bandwidth: 1388 Hz/px, averages: 3, 
matrix: 144x144, FOV: 230 mm, 260 
images. 

Measurements: 

Measurements of NAWM and NACC of 
the patient and control groups were 
performed at the locations listed below 
(Figure). 
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1 - Right frontal lobe normal-appearing 
periventricular white matter 

2 - Left frontal lobe normal-appearing 
periventricular white matter 

3 - Right parietal lobe normal-appearing 
periventricular white matter 

4 - Left parietal lobe normal-appearing 
periventricular white matter 

5 – Genus of the normal-appearing corpus 
callosum 

6 – Splenium of the normal-appearing 
corpus callosum 

Region of Interest (ROI) measurements: 

Region of interest (ROI) measurements 
were performed on a workstation 
(Leonardo Workstation, Siemens Medical 
Solutions, Erlangen, Germany). On the 
workstation, the measurements were 
performed on ADC and FA maps, SE T1-
WI, T1-W MTI, GE T2-WI and GE T2-W 
MTI with a mean of 0.2 cm² ROI without 
clinical knowledge and neurological 
examination of the patient and the control 

groups at the described locations listed 
above. SE T2-WI was used as an 
anatomical reference in order to not to 
make measurements from the lesions and a 
1 mm safety margin was left to prevent 
partial volume effects. If there was a 
lesion, the ROI measurements were 
performed from the NAWM surrounding 
the lesion. 

For the calculations of MTR's (T1-MTR 
and GE-MTR) in the described locations, 
SE T1 WI, T1-W MTI, GE T2-WI and GE 
T2-W MTI weighted images were used. 
ROI measurements were performed and 
the mean signal intensity (Ms) obtained 
from T1-W MTI or GE T2-W MTI was 
subtracted from the mean signal intensity 
(Mo) obtained from SE T1 WI or GE T2-
WI and divided by the Mo value. The 
value obtained was multiplied by 100 and 
MTR values were calculated(13). 

Statistical Analysis 

Twenty-four cases included in the study 
were divided into patient and control 
groups. In both groups, the ADC, FA, T1 

Figure : Locations of measurements. Genus and splenium of the corpus callosum and frontal and occipital horns 
of the lateral ventricles as seen in the axial ADC image. 
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and MTR values, obtained by the 
measurements from the described 
locations, were compared to determine 
micropathological structural changes in 
NAWM and the NACC. Mann-Whitney U 
test was used for comparison of means 
between groups in the statistical analyses. 
Disease duration and the first and last 
EDSS scores of patients with CIS were 
compared with T1 MTR values by 
Spearman's rank differences correlation 
test to show the degree of relationship 
between variables. Correlation coefficient 
(r): 

0.00 to 0:25 very weak correlation 

0.26 to 0:49 weak correlation 

0.50 - 0.69 moderate correlation 

0.70 - 0.89 high correlation 

0.90 - 1.0 was evaluated as a very high 
correlation. Statistical significance was 
considered as p <0.05 and bidirectional. 

RESULTS 

Of the 24 subjects (12 patients and 12 
controls) included in this study, 12 were 
female (50%) and 12 were male (50%). 
The mean age of the patients and the 
control group was 36.33 ± 9.53 years 
(range of 24 to 53 years, interquartile range 

15 years). Mean disease duration was 
21.33 ± 15.46 months (range of 3 to 60 
months, interquartile range 19 months). 
The clinical diagnosis was transverse 
myelitis in 7 patients and optic neuritis in 5 
patients. The mean first and last EDSS 
score of the patients were 1.67 ± 1.07 
(range 0-3) and 0.83 ± 1.03 (range 0-3). 

In PD WI and SE T2 WI, there was no 
white matter abnormality in 5 patients and 
no additional lesion in 7 patients in the CIS 
group. There was no detected abnormal 
signal intensity in the white matter and the 
corpus callosum by PD WI and SE T2 WI 
in the control group. 

The mean ADC, FA and GE MTR values 
of the patient and control groups were 
compared and there was no significant 
difference in any locations (Table 1). In the 
patient group, T1 MTR values were lower 
than the control group and showed 
significant differences in all locations 
(Table 1). Disease duration and the first 
and last EDSS scores were compared with 
T1-MTR values at all locations, and only a 
moderate negative correlation between 
disease duration and corpus callosum 
splenium was found to be statistically 
significant (r = - 0.653, p = 0.021) (Table 
2).  
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Table 1. Comparions of mean ADC, FA GE MTR and T1 MTR values between CIS and control group. 

RFPVWM LFPVWM RPPVWM LPPVWM CC Genu CC splenium  

mean±SD p mean±SD p mean±SD p mean±SD p mean±SD p mean±SD p 

CIS 0.753±0.069 0.718±0.053 0.811±0.054 0.797±0.05 0.695±0.103 0.71±0.064 ADC 

Control 0.764±0.078 

0.70 

0.705±0.055 

0.41 

0.800±0.060 

0.60 

0.774±0.065 

0.4

3 0.704±0.084 

0.64 

0.712±0.069 

0.88 

CIS 0.445±0.067 0.481±0.106 0.5±0.087 0.523±0.071 0.79±0.038 0.84±0.093 FA 

Control 0.499±0.106 

0.20 

0.492±0.07 

0.79 

0.544±0.071 

0.16 

0.546±0.097 

0.2

8 0.765±0.045 

0.13 

0.849±0.059 

0.95 

CIS 41.46±4.05 38.35±4.62 40.55±3.89 38.89±4.00 40.36±4.42 42.98±3.51 GE 

MTR Control 40.21±1.7 

0.10 

40.1±2.18 

0.43 

42.63±2.21 

0.11 

40.84±2.62 

0.1

9 41.19±4.6 

0.50 

77.2±113.39 

0.26 

CIS 25.008±5.54 25.45±4.84 25.03±5.94 24.7±5.6 26.62±5.43 26.17±5.93 T1 

MTR Control 28.45±1.99 

0.01 

28.34±1.49 

0.01 

28.55±1.48 

0.009 

28.34±1.27 

0.0

1 30.07±1.68 

0.02 

30.2±1.82 

0.004 
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Table 2. Correlations between T1 MTR values and disease duration, first and last EDSS scores. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

Clinically isolated syndrome, suggestive of 
MS, can emerge as an acute or subacute 
demyelinating attack due to damage of a 
single part of the central nervous 
system(11,24). Conventional MRI has a 
significant role in the diagnosis and 
follow-up of the disease, but a limited role 
in displaying abnormalities in NAWM and 
NACC, which are important for initiating 
early treatment in terms of conversion to 
MS(8,23). In our study, ADC, FA, GE MTR 
and T1 MTR values of patients with CIS 
obtained from NAWM and NACC were 
compared with the control group and T1 
MTR values showed significant 
differences. To our knowledge, this study 
was unique in comparing all these 
parameters with a same age and sex 
matched control group. 

Quantitative information related to myelin 
destruction in demyelinating diseases may 
be obtained with DWI and the ADC maps, 
which reflect the movement of water 
molecules in tissues. In patients with MS, 

ADC values of hyperintense lesions and 
NAWM detected on T2-WI were observed 
to be significantly higher than the healthy 
control group(6,11,12,16). Also, decreased FA 
values in DTI were shown in NAWM, in 
accordance with MTI, indicating myelin 
damage in axonal structures(10,18). Although 
it is a demyelinating disease, we did not 
find a significant difference in ADC and 
FA values of NAWM and NACC between 
patients with CIS and the control group in 
our study. In a study conducted by Ge et 
al., there was no significant difference in 
ADC and FA values in the frontal and 
occipital NAWM in 15 patients with early 
MS and 12 control patients(13). Similarly, 
Caramia et al. did not find a statistically 
significant difference in ADC values of 19 
patients with a single demyelinating 
attack(5). Also, Vishwas et al. compared 
mean ADC and FA values of 20 children 
with MS, 27 children with forms of CIS 
and a sex and age matched control group in 
their study and found no significant 
difference between CIS and control group 

 Disease duration 

(month) 

First EDSS score Last EDSS score 

r -0.265 0.233 0.230 RFPVWM 

p 0.404 0.466 0.471 

r -0.16 0.006 -0.021 LFPVWM 

p 0.62 0.985 0.949 

r -0.554 0.272 0.155 RPPVWM 

p 0.061 0.392 0.631 

r -0.333 0.398 0.52 LPPVWM 

p 0.29 0.2 0.083 

r -0.473 0.263 0.23 CC Genu 

p 0.121 0.41 0.471 

r -0.653 0.004 -0.155 CC splenium 

p 0.021 0.99 0.631 
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in 3 major normal appearing white matter 
pathways, while they found significant 
abnormalities at the same locations in 
children with MS(31). Gallo et al. compared 
45 early diagnosed CIS patients with a 
control group including 22 healthy subjects 
with MTI histograms and showed that the 
average diffusivity increased and FA 
values decreased, with statistically 
significant differences (p = 0.01 and p < 
0.001, respectively)(11). However, the 
patient group showed clinical evidence for 
a diagnosis of MS by dissemination in time 
in 29 patients and dissemination in space in 
45 patients, which might have affected 
their results(11). Raz et al. compared 34 CIS 
diagnosed patients with 16 healthy 
volunteers as a control group and 
concluded that there was diffuse brain 
damage secondary to white matter changes 
in CIS patients, which could be displayed 
by FA reduction(27). But, similarly to Gallo 
et al., 33 of these patients developed into 
MS in a one year follow-up, which could 
explain the significant FA reduction in CIS 
diagnosed patients in their study(28). 

The MTI technique, which can be added to 
conventional MRI sequences, is used to 
characterize MS lesions and can be used to 
reveal hidden disease in NAWM(7,22). MTR 
values obtained by MTI are directly 
proportional to the concentration of 
macromolecules such as myelin, so 
reduced MTR can show the presence of 
pathological and / or microstructural tissue 
injury(17). Recent MTI studies on patients 
with MS indicated statistically significant 
differences in MTR values at NAWM and 
NACC(2,3,9,13,29). But studies on patients 
with CIS have given controversial 
results(3,9,19,20,26,30). In our study, which was 
unique in comparing the GE MTR and T1 
MTR values between patients with CIS 
and an age and sex matched control group, 
T1 MTR values from NAWM AND 
NACC in CIS patients were found to be 
lower than the control group with a 
statistically significant difference at all 
locations listed above. GE MTR values of 
the patients were lower than the control 

group except for one location, but they 
were not significant differences. Decreased 
T1 MTR values of patients in NAWM and 
NACC suggest that microstructural 
pathological changes may start in patients 
with CIS. In addition, our results may 
indicate that T1-W MTI is more sensitive 
for showing pathological changes than GE-
W MTI. Sequence selection, absence of 
standards in the measurement locations and 
methods are important factors for the 
different results in MTI studies in patients 
with CIS. We believe that prospective 
studies of MTI sequences, locations and 
methods of measurements are essential to 
reflect the loss or damage of myelin in 
patients with CIS. 

Ranjeva et al. and Pike et al. did not find a 
correlation between the first and last EDSS 
scores and T1 MTR values of patients 
diagnosed with MS, while Traboulsee et al. 
found a moderate negative correlation 
between EDSS and normal appearing brain 
tissue MTR values of patients with 
MS(25,26,30). In our study, there were no 
correlations between first and last EDSS 
with T1 MTR values. Catalaa et al. did not 
detect a correlation between disease 
duration and MTR values in their study of 
23 patients with MS(4). In our study, there 
were negative correlations between disease 
duration and T1 MTR values, but only in 
the splenium of the NACC a moderate 
negative correlation was found to be 
statistically significant. This may be due to 
relatively low disease duration in our 
study, which may explain our results. 
Disease duration may alter the MTR values 
related to the demyelinating process in 
patients with CIS. Also the fibers at the 
splenium of the corpus callosum are 
thinner than the fibers at the genu of the 
corpus callosum and thus may be more 
sensitive to inflammatory processes in CIS. 

There were some limitations of our study. 
Firstly, patient diagnosis and disease 
durations were not homogenous in the CIS 
group. Secondly, our study group was 
relatively small. Finally, we did not 
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evaluate the interobserver and 
intraobserver reliability of our findings. 

In conclusion, hidden microstructural 
pathological changes in NAWM and 
NACC can be demonstrated by advanced 
MRI in patients with CIS. T1-W MTI 
evaluation of NAWM and NACC of 
patients with CIS can be useful for a 
decision for early treatment of the disease. 

Acknowledgments: Doctor Fatih Tufan is 
gratefully acknowledged for his helps and 
comments during the writing of this paper. 

We declare that there is no conflict of 
interest that could be perceived as 
prejudicing the impartiality of the research 
reported. 

 
 
 
Correspondence to: 
Mine Aslan 
E-mail: mineus_77@yahoo.com 
 
 
 
Received by: 19 January 2014 
Revised by: 21 May 2014 
Accepted: 25 May 2014 
 
 
 
The Online Journal of Neurological 
Sciences (Turkish) 1984-2014 
This e-journal is run by Ege University 
Faculty of Medicine,  
Dept. of Neurological Surgery, Bornova,  
Izmir-35100TR 
as part of the Ege Neurological Surgery 
World Wide Web service. 
Comments and feedback: 
E-mail: editor@jns.dergisi.org 
URL: http://www.jns.dergisi.org 
Journal of Neurological Sciences (Turkish) 
Abbr: J. Neurol. Sci.[Turk] 
ISSNe 1302-1664 
 
 
 

REFERENCES 

1. Adams RD, Victor M, Ropper HA. Adams and 
Victor's principles of neurology. New York, Mc 
Graw-Hill, 2001, ed. 7. pp. 954-82.  

2. Agosta F, Rovaris M, Pagani E, Sormani MP, 
Comi G, Filippi M. Magnetization transfer MRI 
metrics predict the accumulation of disability 8 
years later in patients with multiple sclerosis. 
Brain 2006; 129: 2620-27.  

3. Brex PA, Leary SM, Plant GT, Thompson AJ, 
Miller DH. Magnetization transfer imaging in 
patients with clinically isolated syndromes 
suggestive of multiple sclerosis. AJNR Am J 
Neuroradiol 2001; 22: 947–51.  

4. Catalaa I, Grossman RI, Kolson DL, Udupa 
JK, Nyul LG, Wei L, Zhang X, Polansky M, 
Mannon LJ, McGowan JC. Multiple sclerosis: 
magnetization transfer histogram analysis of 
segmented normal-appearing white matter. 
Radiology 2000; 216: 351–5.  

5. Caramia F, Pantano P, Di Legge S, Piattella 
MC, Lenzi D, Paolillo A, Nucciarelli W, Lenzi 
GL, Bozzao L, Pozzilli C. A longitudinal study 
of MR diffusion changes in normal appearing 
white matter of patient with early multiple 
sclerosis. Magn Reson Imaging 2002; 20; 383-
8.  

6. Ciccarelli O, Werring DJ, Barker GJ, Griffin 
CM, Wheeler-Kingshott CA, Miller DH, 
Thompson AJ. A study of the mechanisms of 
normal-appearing white matter damage in 
multiple sclerosis using diffusion tensor 
imaging: evidence of Wallerian degeneration. J 
Neurol 2003; 250: 287–92.  

7. Dousset V, Grossman RI, Ramer KN, Schnall 
MD, Young LH, Gonzalez-Scarano F, Lavi E, 
Cohen JA. Experimental allergic 
ensefalomyelitis and multiple sclerosis: lesion 
characterization with magnetization transfer 
imaging. Radiology 1992; 182: 483-91.  

8. Filippi M, Horsfield MA, Morrissey SP, 
MacManus DG, Rudge P, McDonald WI, 
Miller DH. Quantitative brain MRI lesion load 
predicts the course of clinically isolated 
syndromes suggestive of multiple sclerosis. 
Neurology 1994; 44: 635–41.  

9. Filippi M, Iannucci G, Tortorella C, Minicucci 
L, Horsfield MA, Colombo B, Sormani MP, 
Comi G. Comparison of MS clinical phenotypes 
using conventional and magnetization transfer 
MRI. Neurology 1999; 52: 588–94.  

10. Filippi M, Inglese M. Overview of diffusion-
weighted magnetic resonance studies in 
multiple sclerosis. J Neurol Sci 2001; 186: 
S37–43.  

11. Gallo A, Rovaris M, Riva R, Ghezzi A, 
Benedetti B, Martinelli V, Falini A, Comi G, 
Filippi M. Diffusion-tensor magnetic resonance 
imaging detects normal-appearing white matter 
damage unrelated to short-term disease activity 
in patients at the earliest clinical stage of 
multiple sclerosis. Arch Neurol 2005; 62: 803-
8.  

12. Garacia FG, Colangeloa V, Ludovici A, 
Gaudiello F, Marziali S, Centonze D, Boffa L, 



J.Neurol.Sci.[Turk] 

 577 
 

Simonetti G, Floris R. A diffusion longitudinal 
MR imaging study in normal-appearing white 
matter in untreated relapsing-remitting 
multiple sclerosis. AJNR Am J Neuroradiol 
2007; 28: 475-8.  

13. Ge Y, Grossman RI, Udupa JK, Babb JS, 
Manon LJ, McGowan JC. Magnetization 
transfer ratio histogram analysis of normal-
appearing gray matter and normal-appearing 
white matter in multiple sclerosis. J Comput 
Assist Tomogr 2002; 26: 62–8.  

14. Ge Y. Multiple sclerosis: The role of MR 
imaging. AJNR Am J Neuroradiol. 2006; 27: 
1165-76.  

15. Gilroy J. Temel Nöroloji. Çeviri ed. Rana 
Karabudak. Ankara, Güneş Yayınevi, 2002, ed. 
3. pp. 199-224.  

16. Griffin CM, Chard DT, Ciccarelli O, Kapoor B, 
Barker GJ, Thompson AL, Miller DH. Diffusion 
tensor imaging in early relapsing-remitting 
multiple sclerosis. Mult Scler 2001; 7: 290–7.  

17. Grossman RI. Magnetization transfer in 
multiple sclerosis. Ann Neurol 1994; 36: S97–
9.  

18. Guo AC, MacFall JR, Provenzale JM. Multiple 
sclerosis: diffusion tensor MR imaging for 
evaluation of normal-appearing white matter. 
Radiology 2002; 222: 729–36.  

19. Iannucci G, Tortorella C, Rovaris M, Sormani 
MP, Comi G, Filippi M. Prognostic value of 
MR and magnetization transfer imaging 
findings in patients with clinically isolated 
syndromes suggestive of multiple sclerosis at 
presentation. AJNR Am J Neuroradiol 2000; 
21: 1034-38.  

20. Kidd D, Barkhof F, McConnell R, Algra PR, 
Allen IV, Revesz T. Cortical lesions in multiple 
sclerosis. Brain 1999; 122: 17–26.  

21. Kurtzke JF. Rating neurologic impairment in 
multiple sclerosis: an expanded disability 
status scale (EDSS). Neurology. 1983; 33: 
1444-52.  

22. Nusbaum AO, Fung KM, Atlas SW. White 
matter disease and inherited metabolic disease. 
In: Atlas SW, editor. Magnetic Resonans 
Imaging of the Brain and Spine. Philadelphia 
(PA), Lipincott Williams & Wilkins, 2002, ed 3. 
pp. 501-16.  

23. O'Riordan JI, Thompson AJ, Kingsley DP, 
MacManus DG, Kendall BE, Rudge P, 
McDonald WI, Miller DH. The prognostic 
value of brain MRI in clinically isolated 
syndromes of the CNS: a 10-year follow-up. 
Brain 1998; 121: 495-503.  

24. Ormerod IEC, Miller DH, McDonald WI, du 
Boulay EPGH, Rudge P, Kendall BE, Moseley 
IF, Johnson G, Tofts PS, Hallıday AM, 
Bronstein AM, Scaravilli F, Harding AE, 
Barnes D, Zilkha KJ. The role of NMR imaging 
in the assessment of multiple sclerosis and 
isolated neurological lesions: a quantitative 
study. Brain 1987; 110: 1579–616.  

25. Pike GB, De Stefano N, Narayanan S, Worsley 
KJ, Pelletier D, Francis GS, Antel JP, Arnold 
DL. Multiple sclerosis: magnetization transfer 
MR imaging of white matter before lesion 

appearance on T2-weighted images. Radiology 
2000; 215: 824–30.  

26. Ranjeva JP, Audoin B, Au Duong MV, Ibarrola 
D, Confort-Gouny S, Malikova I, Soulier E, 
Viout P, Ali-Cherif A, Pelletier J, Cozzone P. 
Local tissue damage assessed with statistical 
mapping analysis of brain magnetization 
transfer ratio: relationship with functional 
status of patients in the earliest stage of 
multiple sclerosis. AJNR Am J Neuroradiol 
2005; 26: 119–27.  

27. Raz E, Cercignani M, Sbardella E, Totaro P, 
Pozzilli C, Bozzali M, Pantano P. Clinically 
isolated syndrome suggestive of multiple 
sclerosis: voxelwise regional investigation of 
white and gray matter. Radiology 2010; 254: 
227-34.  

28. Raz E, Cercignani M, Sbardella E, Totaro P, 
Pozzilli C, Bozzali M, Pantano P. Gray- and 
white-matter changes 1 year after first clinical 
episode of multiple sclerosis: MR imaging. 
Radiology 2010; 257: 448-54.  

29. Rovaris M, Agosta F, Sormani MP, Inglese M, 
Martinelli V, Comi G, Filippi M. Conventional 
and magnetization transfer MRI predictors of 
clinical multiple sclerosis evolution: a medium-
term follow-up study. Brain 2003; 126: 2323-
32.  

30. Traboulsee A, Dehmeshki J, Brex PA, Dalton 
CM, Chard D, Barker GJ, Plant GT, Miller 
DH. Normal-appearing brain tissue MTR 
histograms in clinically isolated syndromes 
suggestive of MS. Neurology 2002; 59: 126-8.  

31. Vishwas MS, Healy BC, Pienaar R, Gorman 
MP, Grant PE, Chitnis T. Diffusion tensor 
analysis of pediatric multiple sclerosis and 
clinically isolated syndromes. AJNR Am J 
Neuroradiol 2013; 34: 417-23. 


