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1. Introduction 
During the past couple of decades, conventional magnetic resonance 

imaging (MRI) techniques have been increasingly used to assess alterations 

in the central nervous system (CNS). Nowadays, a variety of conventional 

MRI protocols are also routinely used to detect therapeutic effects of 

different treatment strategies. These offer several important advantages, 

such as the definition of disability level, the association of blood brain 

barrier damage, spatial and temporal dissemination of brain lesions. In the 

past few years, a host of non-conventional quantitative MRI techniques 

have been introduced for the assessment of CNS diseases. These MRI 

techniques appear to be reliable markers in monitoring pathologic processes 

related to disease activity and clinical progression. They are able to reveal a 

range of tissue changes that include oedema, inflammation, demyelination, 

axonal loss, and degeneration. Therefore, in a disease with a high degree of 

longitudinal variability of clinical signs and with no current adequate 

biological markers of disease progression, non-conventional quantitative 

MRI techniques provide a powerful tool to non-invasively investigate not 

only the pathological substrates of overt lesions but also subtle global 

changes that may affect the entire brain. Additionally, conventional MR 

imaging gives only a cross-sectional qualitative information of different 

tissues, while quantitative approaches offer the advantage of absolute rather 

than relative characterization of the underlying biochemical composition of 

the tissue. The determination of quantitative MRI data requires more 

detailed approaches and a good understanding of basic MR phenomena. 

Generally, it is performed by using and analysing a set of qualitative 

images, where the signal intensity is controlled by the change of an MR 

imaging parameter: inversion time, flip angle or repetition time for T1 
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relaxometry; echo time for T2 relaxometry and b-value for diffusion-

weighted data. Then quantitative MR data can be calculated by mono- or 

multi-exponentially fitting the signal change against these parameters. In 

clinical perspective, T1 and T2 relaxation times depend on structural 

characteristics such as local tissue density (i.e. water content), while 

quantitative diffusion data provides an indirect measure of tissue structure 

on a microscopic scale. 

Taking the advantage of quantitative MRI techniques, a series of studies 

tested the usefulness of them in the CNS where conventional MR methods 

were insensitive. MR imaging of the CNS has great importance in the 

diagnostic evaluation and monitoring of treatment response in multiple 

sclerosis (MS). Also mild traumatic brain injury patients with negative 

computed tomography scans showed significant alterations on advanced 

quantitative MR images. Additionally, numerous studies of lesional and 

non-lesional epilepsy patients have demonstrated that advanced quantitative 

MRI methods can reliably improve surgical outcome and help the detection 

of seizure origin. Although white matter (WM) alterations with distinct 

lesions-tissue contrast are still the main radiological hallmark in many of 

CNS diseases, the detection of pathological WM without visible contrast 

changes is also important and even more challenging. 

To date, numerous studies and books exist to study how to apply 

quantitative MRI techniques in the spinal cord, but fewer examined the 

quantitative MRI alterations in intervertebral disc diseases, although low 

back pain is one of the most prevalent and costly illness in today’s society. 

T2 relaxation time evaluation provides a reliable correlation to detect 

changes in the molecular environment of the disc and the method is 

implemented on most clinical MR scanners. T2 relaxation time 
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measurements correlate with intervertebral disc tissue water content and 

have therefore been used to quantify the hydration of the disc which is 

essential for disease grading. 

2. Objectives 
Generally, the aim of our research was to examine molecular alterations of 

CNS diseases in vivo using quantitative MRI methods – like diffusion-

weighted imaging and T2 relaxometry – and novel image processing 

algorithms such as segmentation, registration and mono- and bi-exponential 

data fitting supplemented by advanced statistical approaches. 

Our first experiment targeted relapsing remitting MS patients and matched 

controls to characterize bi-exponential diffusion related signal changes in 

the normal appearing white matter areas. Unlike previous studies, this 

experiment provides deeper insights into the effects of age and lesion load 

on different water fractions. 

Additionally, we wanted to shed additional light on WM diffusion changes 

with respect to epilepsy related diffusion parameters such as age at epilepsy 

onset and chronic seizure activity. Therefore, we investigated diffusion 

changes in the WM of mesial-temporal lobe epilepsy patients with unilateral 

hippocampal sclerosis (MTLE-HS) and compared them to an age- and sex-

matched control group. We hypothesized that chronic WM damage occurs 

in both the early and late onset disease groups, but the extent of that is 

different according to the timing of epilepsy onset. 

Since the disc degeneration and the associated changes are believed to be 

crucial factors in low back pain, the development of a classification system 

based on quantitative assessment would help to detect the degeneration 

grade independently of human bias or errors. Thus, we planned to 
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investigate the possible intra- and interobserver differences and to define 

quantitative T2 cut-off values with regard to two morphological 

classification systems – Pfirrmann and Schneiderman – in patients with 

intervertebral disc degeneration. 

3. Materials and methods 

Bi-exponential diffusion signal decay in normal appearing white matter 

of multiple sclerosis 

Diffusion parameters were measured using mono-exponential (0–1000 

s/mm2) and bi-exponential (0–5000 s/mm2) approaches from 14 relapsing-

remitting subtype of MS patients and 14 age- and sex-matched controls 

after acquiring diffusion-weighted images on a 3T MRI system. The results 

were analyzed using parametric or nonparametric tests and multiple linear 

regression models. 

Age at onset and seizure frequency affect white matter diffusion 

coefficient in patients with mesial temporal lobe epilepsy 

Apparent diffusion coefficients (ADCs) were derived using mono-

exponential approaches from 22 (11 early and 11 late age at onset) patients 

with unilateral MTLE-HS and 22 age- and sex-matched control subjects 

after acquiring diffusion-weighted images on a 3T MRI system. Data were 

analyzed using two-tailed t-tests and multiple linear regression models. 

A Statistical Model for Intervertebral Disc Degeneration: Determination 

of the Optimal T2 Cut-Off Values 

Lumbar MRI was performed on 21 subjects (a total of 104 lumbar disks). 

The T2 relaxation time was measured in the nucleus pulposus using a 
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sagittal multi-echo spin-echo sequence. The morphological classification of 

disc degeneration was assessed independently by three experienced 

neuroradiologists according to the Pfirrmann and Schneiderman 

classifications. Receiver operating characteristic analysis was performed 

among grades to determine T2 cut-off values in each classification. Intra- 

and interobserver differences were calculated using kappa statistics. 

4. Results 

Bi-exponential diffusion signal decay in normal appearing white matter 

of multiple sclerosis 

Mono-exponential ADC slightly increased in controls (p=0.09), but 

decreased significantly in MS as a function of age, nonetheless an elevated 

ADC was observed with increasing lesion number in patients. Bi-

exponential analyses showed that the increased ADC is the result of 

decreased relative volume fraction of slow diffusing component. However, 

the fast and slow diffusion components did not change as a function of 

either age in controls or lesion number and age in MS patients. 

Age at onset and seizure frequency affect white matter diffusion 

coefficient in patients with mesial temporal lobe epilepsy 

In the group with early onset MTLE-HS, ADC was significantly elevated in 

the ipsilateral hemispheric (p=0.04) and temporal lobe white matter 

(p=0.01) compared with that in controls. These differences were not 

detectable in late onset MTLE-HS patients. Apparent diffusion coefficient 

of the group with early onset MTLE-HS was negatively related to age at 

epilepsy onset in the ipsilateral hemispheric white matter (p=0.03) and the 

uncinate fasciculus (p=0.03), while in patients with late onset MTLE-HS, 
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ADC was no longer dependent on age at epilepsy onset itself but rather on 

the seizure frequency in the ipsilateral uncinate fasciculus (p=0.03). 

A Statistical Model for Intervertebral Disc Degeneration: Determination 

of the Optimal T2 Cut-Off Values 

Moderate overall interobserver agreement was found between observers in 

both the Pfirrmann and Schneiderman classification schemes (kappa 0.46 

and 0.51), while intraobserver reliability was substantial to almost perfect. 

The interobserver reliability was only fair in Pfirrmann grades III and IV 

(kappa 0.33 and 0.36), but the T2 cut-off values still indicated a significant 

difference between grades (p<0.05). 

5. Conclusions 

Bi-exponential diffusion signal decay in normal appearing white matter 

of multiple sclerosis 

We examined bi-exponential diffusion signal decay in normal appearing 

white matter of relapsing-remitting MS patients compared with an age- and 

sex-matched control group. According to our results and the literature, the 

decreased volume fraction of slow diffusing component may be the primary 

reason for the age-dependent increase of ADC in controls. In multiple 

sclerosis, the diffusion parameters are related to both age and total lesion 

number, in which the bi-exponential analysis indicated decreased relative 

volume fraction of slow diffusing component as a function of total lesion 

number while it increased with age, probably due to the reduction of myelin 

water fraction. 
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Age at onset and seizure frequency affect white matter diffusion 

coefficient in patients with mesial temporal lobe epilepsy 

Taken together, ADC was higher in MTLE-HS, especially in the cerebral 

hemisphere ipsilateral to the seizure onset. Such diffusivity pattern has been 

associated with chronic WM degeneration, reflecting myelin and axonal 

loss, gliosis, and higher extracellular volume which are more pronounced in 

the frontotemporal regions, and also depends on clinical features like age at 

epilepsy onset and chronic seizure activity. In the group with early onset 

MTLE-HS, the timing of epilepsy seems to be the major origin of WM 

abnormalities while it should be assumed as a secondary effect provoking 

diffusion changes in the patients with late onset MTLE-HS. The 

combination of clinical data and novel MR methods used in our study has 

led to valuable insights into epilepsy-associated changes in the white matter 

and has increased our understanding of the pathophysiology of MTLE-HS. 

A Statistical Model for Intervertebral Disc Degeneration: Determination 

of the Optimal T2 Cut-Off Values 

This study reflected that T2 values tended to decrease with increasing age or 

grade in the nucleus pulposus possibly due to the decrease in water and 

proteoglycan content. Interobserver agreement of the morphological 

evaluation in patients with intervertebral disc degeneration was only fair 

between Pfirrmann III and IV. Based on our results, quantitative T2 cut-off 

values seem to be a more reliable method to define the degree of disc 

degeneration, even though the definitions of intervertebral disc degeneration 

in MRI are still not uniform. 
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