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Abstract
Background: Multiple sclerosis (MS) is a common neurological disorder which can lead to an occasional damage
to the central nervous system. Conventional magnetic resonance imaging (cMRI) is an important modality in the
diagnosis of MS; however, correlation between cMRI findings and clinical impairment is weak. Non-conventional MRI
techniques including apparent diffusion coefficient (ADC) and magnetic resonance spectroscopy (MRS) investigate
the metabolic changes over the course of MS and overcome the limits of cMRI.
A total of 80 patients with MS and 20 age and sex-matched healthy control subjects were enrolled in this crosssectional study. Ambulatory patients with relapsing–remitting MS (RRMS) were recruited. Expanded Disability Status
Scale (EDSS) was used to assess the disability and the patients were categorized into three groups “no disability”,
“minimal disability” and “moderate disability”. All patients underwent cMRI techniques. ADC was measured in MS
plaques and in normal appearing white matter (NAWM) adjacent and around the plaque. All metabolites concentra‑
tions were expressed as ratios including N-acetyl-aspartate/creatine (NAA/Cr), choline/N-acetyl-aspartate (Cho/NAA)
and choline/creatine (Cho/Cr). ADC and metabolite concentrations were measured in the normal white matter of 20
healthy control subjects.
Results: The study was carried on 80 MS patients [36 males (45%) and 44 females (55%)] and 20 healthy control [8
males (40%) and 12 females (60%)]. The ADC values and MRS parameters in NAWM of patients with MS were signifi‑
cantly different from those of the control group. The number of the plaques on T2 images and black holes were sig‑
nificantly higher at “Minimal disability” group. Most of the enhanced plaques were at the “Moderate disability” group
with P value < 0.001. The mean of ADC in the group 1, 2 and 3 of disability was 1.12 ± 0.19, 1.50 ± 0.35, 1.51 ± 0.36,
respectively, with P value < 0. 001. In the group 1, 2 and 3 of disability, the mean of NAA/Cr ratio at the plaque was
1.34 ± 0.44, 1.59 ± 0.51 and 1.11 ± 0.15, respectively, with P value equal 0.001.
Conclusion: The non-conventional quantitative MRI techniques are useful tools for detection of early disability in MS
patients.
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Background
Multiple sclerosis (MS), the most common autoimmune
neurological disorder, affects about 2.5 million people
around the world and characterized by multifocal central
nervous system (CNS) damage which leads to progressive neurological dysfunction [1–4].
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Axonal loss can occur in both acute and chronic stages
of MS, as shown by pathological and neuroimaging studies [5, 6]. It may have important functional consequences,
leading to the development of irreversible clinical disability which is not clearly related to inflammatory lesions
but is instead associated with diffuse neuro-axonal loss
caused by various pathological phenomena [4, 7, 8].
Kuhlmann et al. have demonstrated that acute axonal
damage within MS lesions is most noteworthy during the
initial stages of the disease and persists to some extend
during the following years [9]. Diffusion MRI provides
information about water molecular motion in vivo which
is normally diminished in highly organized tissue as in
white and gray matter with reduction of the apparent diffusion coefficient (ADC) [10]. Diffusion imaging changes
can precede enhancement by gadolinium in hyperacute
MS lesions [10, 11]. The ADC value is a quantitative
imaging able to overcome limitations of cMRI by providing markers more specific to the underlying pathologic
changes [12].
Magnetic resonance spectroscopy (MRS) plays a fundamental role in the study of changes and imbalances
in different cell metabolites in patients with MS [13].
N-acetylaspartate (NAA) is one of such metabolites and
is considered a marker of neural integrity and function
[14, 15]. A decline in the brain NAA/creatine (Cr) ratio,
suggests axonal damage, which is reported in very early
stages of patients with MS, such as radiologically isolated
syndrome (RIS) [16]. Creatine (Cr) is an another cerebral metabolite and represents cellular metabolism and
energy systems and reflects changes in cell density and/or
gliosis. [15]. Finally, choline (Cho), is a marker of cellular
membrane turnover of phospholipids synthesis and degradation and correlates with phospholipid release during
active demyelination [15, 17]. An increase of the Cho/Cr
ratio occurs because of increased membrane cell turnover in active MS plaques and a decrease of NAA occurs
in inactive plaques as well as in normal appearing white
matter (NAWM) [8, 18].
The cMRI is an important modality in detection
of characteristic MS lesions. However, a correlation
between these MRI findings and clinical disability is weak
as most of the abnormalities within NAWM which contribute to the development of disability in MS are subtle
and cannot be delineated by these techniques [19–21]. In
addition, the health risks should be taken into consideration when using Gd-based contrast agents (nephrogenic
systemic fibrosis, Gd retention) [22, 23].
Most of the previous studies investigating the relationship between MRI techniques (conventional or nonconventional) and MS disabilities incorporated primary
and secondary progressive MS and selected patients
with early and late stages of MS in whom a significant
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disability has been already occurred. The aim of this
cross-sectional study is to assess the relationship between
non-conventional MRI techniques including ADC and
MRS and the degree of disability in the early stage of
relapsing–remitting multiple sclerosis (RRMS).

Methods
Patients

A total of 80 patients with MS and 20 healthy control
subjects with age and sex matched were enrolled in
this cross-sectional study. Patients were recruited from
department of Neurology and Psychological Medicine
between July 2018 and September 2019. Patients with
RRMS according to McDonald criteria 2017 [24] and
mild to moderate disability (EDSS is ≤ 4.5) were recruited
in this work. Patients with secondary or primary progressive MS were excluded from this study. Patients with neurological disorder other than MS (MS mimics) were also
excluded. An acute attack was defined as the presence of
new objective neurological signs lasting for at least 24 h
and were compatible with an MS attack [25].
Methods

All subjects included in the study were subjected to full
neurological evaluation. Expanded Disability Status
Scale (EDSS) was utilized to assess the physical disability of patients with MS. An overall score can be given
on an ordinal scale ranging from 0 (normal neurological
examination) to 10 (death due to MS) [26]. Fully ambulatory patients with (EDSS ≤ 4.5) were only enrolled in this
work and divided into three groups based on their level
of disability [26]. Group 1 “No disability” has EDSS from
0 to 1.5, group 2 “Minimal disability” has EDSS from 2 to
3 and group 3 “Moderate disability” with EDSS from 3.5
up to 4.5.
Conventional magnetic resonance imaging (MRI)
techniques

All MRI studies were done using Philips MR machine
Achieva 1.5 T—DS (1.5 Tesla), Germany. The contrast
media used was either Omniscan or Magnivist [Gadolinium (Diethelene Triamine Penta acidic acid) (“GdDTPA”)], it was administrated intravenously in a dose of
0.2 ml/kg body weight. The following protocol was used
in all cases:
1. Non contrast axial, coronal and sagittal T1WIs (TR
400–550 m/s, TE 15 m/s).
2. Axial T2WI (TR 3500–4800 m/s, TE, 110 m/s).
3. Axial, sagittal and coronal FLAIR (TR 9000–
9400 m/s, TE 119–150 m/s, TI 2470–2800 m/s).
4. Post contrast axial, coronal and sagittal T1WI
2–10 min after administration of gadolinium.
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MRI was used to detect lesions both in the brain and
spinal cord. A lesion in MS is defined as an area of focal
hyperintensity on a T2-weighted (T2, T2-FLAIR or similar) sequence. Typical MS lesions are round to ovoid in
shape and range from a few millimeters to more than one
or two centimeters in diameter [27]. A positive contrast
enhancement MRI (CE-MRI) was considered whenever a
hypointense T1W lesion showed increased signal intensity in T1W images taken 10 min after gadolinium injection. Detection of even one positive lesion was regarded
as a positive result, both in DWI and CE-MRI.

were expressed as ratios of signal intensities, including N-acetyl-aspartate/creatine (NAA/Cr), choline/Nacetyl-aspartate (Cho/NAA) and choline/creatine (Cho/
Cr). Measurements were made in MS plaques and in the
NAWM. In addition, these metabolites concentrations
were measured in the normal white matter of 10 healthy
control group.
The study was approved by the local ethical Committee
on Research Involving Human Subjects. All invited persons were informed in detail about the investigation and
voluntarily signed the informed consent form.

Diffusion‑weighted MR imaging (DWI)

Statistics

Follow-up of cMRI techniques were done during the
assessment of DWI and MRS.
The imaging sequence for DWI was a multi-section
single shot spin Echo Planar Imaging (EPI) sequence
(TR/TE/NEX: 4200/140 ms/1), field of view (FOV)24 cm,
matrix 128 × 265, 5 mm thickness and interslice gap of
1 mm with diffusion sensitivities of b values = 0, 1000 s/
mm2. ADC maps were calculated automatically by the
MRI software and included in the sequence. Measurements of ADC were made in MS plaques and in the
NAWM adjacent and around the plaque as well as scattered areas, the data are collected and included from
significant region. ADC values were measured in the normal white matter of the control group. A positive DWI
result was defined as any lesion compatible with a true
plaque in traditional sequences of MRI with increased
signal intensity in DWI that showed variable values of
ADC mapping according to stage.

The statistical analysis was performed using the Statistical Package for the Social Sciences for window (SPSS
20.0, IBM Corp., Armonk, NY, USA). Qualitative data
were represented as frequencies and relative percentages.
Quantitative data were expressed as mean ± SD (Standard deviation). Data were analyzed using the student t
test or ANOVA to determine the significant differences
between groups for the numerical data. Chi-squared test
was used for categorical data. When the data were not
normally distributed Kruskal Wallis test for comparison
of three groups. Qualitative data were presented as number and percentage. Spearman correlation analysis was
done to find the correlation between EDSS and different
variables preceded by preliminary analyses to ensure no
violation of the assumptions of normality, linearity and
homoscedasticity. Value was considered significant if it
was less than 0.05.

Magnetic resonance spectroscopy (MRS)

Automatic shimming was employed to compensate
for the inhomogeneity of the magnetic field. The line
width was less than 10 Hz. The signal of water was suppressed using a chemical shift selective imaging sequence
(CHESS). An outer-volume suppression pulse sequence
was used to avoid signal contamination from outside the
voxel of interest (VOI). The point resolve spectroscopy
sequence (PRESS) technique was used for VOI selection,
the sequence parameters were TR/TE = 2000/53 ms,
FOV = 150 × 195 mm, slice thickness = 15 mm, in-plane
resolution 15 × 15 mm2, and number of averages = 1024.
The total acquisition time of the spectroscopic sequences
was less than 5 min. A standard software package (Spectra view, Philips) was used for postprocessing the MR
spectroscopic data. Spectral signals from voxels matching exclusively frontal–parietal–occipital NAWM without any signs of lesion load manifested on T2-weighted
MR images were selected. We measured metabolite
concentrations within single voxel (SVS) by calculating
the area under the curve. All metabolite concentrations

Results
The study was carried on 80 patients with MS [36
males (45%) and 44 females (55%)] and 20 healthy control [8 males (40%) and 12 females (60%)] (Tables 1, 2).
The mean age of patients was 33.2 ± 8.6 years (range
20–50) and the mean age of healthy controls was
33.5 ± 10.5 years (range 19–50) (Table 2). Most of the
patients lie in group 2 “Minimal to mild disability” with
percent 40%. Only 35% of the total number of patients
received disease modifying therapy (DMT), while 75%
of them were receiving symptomatic treatment (Table 1).
There was significant difference between the mean of
ADC between patients (1.37 ± 0.03) and healthy controls group (0.815 ± 0.039) with P value < 0.001. Similarly,
there was significant difference between MRS parameters
in NAWM in MS patients and healthy controls (Table 2,
Fig. 1). Patients with “moderate disability” group showed
a longer disease duration and more frequent attacks per
year than those with “no disability” group (Table 3).
In comparison between three groups of disability regarding cMRI findings we found the number of
the plaques on T2 WI and black holes were more at
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Table 1 The natural history of multiple sclerosis: a
geographically based study 9: observations on the progressive
phase of the disease
Number
Age
Sex
Female

44

55.0

2.75 ± 1.049
3.3 ± 3
28

35.0

Minimal

32

40.0

Moderate disability

20

25.0

Disease modifying therapy (DMT)
No

52

65.0

Yes

28

35.0

Male patients taking DMT

16

44.4%

Female patients taking DMT

12

27.3%

Symptomatic treatment
No

20

25.0

Yes

60

75.0

Conventional MRI finding
Black holes
Enhanced plaques
Non enhanced plaques

33.5 ± 10.5

Male

36 (45)

8(40)

Female

44 (55)

12 (60)

28 (35.0%)

0 (0.0%)

NAA/Cr NAWM
NAA/Cr plaque
Cho/NAA NAWM
Cho/NAA plaque
Cho/Cr NAWM
Cho/Cr plaque

0.687

Minimal

32 (40.0%)

0 (0.0%)

Moderate disability

20 (25.0%)

0 (0.0%)

2.4 ± 1.2

0.0 ± 0.0

1.37 ± 0.03

0.815 ± 0.039

EDSS Score (mean ± SD)
Non-conventional MRI
finding
(mean ± SD)
ADC

NAA/Cr NAWM

1.60 ± 0.39

NAA/Cr (plaque)
Cho/NAA_NAWM
Cho/NAA (plaque)
Cho/Cr NAWM
Cho/Cr (plaque)

< 0.001

2.27 ± 0.24

0.017

0.67 ± 0.08

0.60 ± 0.052

0.020

1.01 ± 0.308

0.88 ± 0.049

0.001

1.38 ± 0.46

.7270 ± .08860
1.0875 ± .0302

Cho/Cr choline/creatine; Cho/NAA choline/N-acetyl-aspartate; EDSS expanded
disability status scale; NAA/Cr N-acetyl-aspartate/creatine; NAWM normal
appearing white matter

5.80 ± 3.421
3.2 ± 2.3
24

30.0

56

70.0

Non-conventional MRI finding
ADC

0.144

< 0.001

No disability

4.6 ± 4.6

No disability

Number of plaques on T2 weighted images

33.20 ± 8.6

P value

EDSS

Clinical features

Duration of last attack (months)

Control
N = 20

Sex
45.0

Disability score (EDSS)

Patients with MS
N = 80
Age (year)

33.20 ± 8.6
36

Number of MS attacks/year

Table 2 Comparison between patients with MS and healthy
controls

Percent

Male

Duration of disease (years)
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NON CONVENTIONAL MRI RESULTS

1.37 ± 0.361
1.6 ± 0.40

2.27

1.3 ± 0.46

0.67 ± 0.08

0.72 ± 0.08

1.01 ± 0.30

1.08 ± 0.31

Cho/Cr choline/creatine; Cho/NAA choline/N-acetyl-aspartate; DMT disease
modifying therapy; EDSS expanded disability status scale; NAA/Cr N-acetylaspartate/creatine; NAWM normal appearing white matter

“Minimal disability” group with P value 0.001 and
0.037, respectively. While Most of enhanced plaques
were more at the “Moderate disability” group with p
value < 0. 001 (Table 3). We found the mean of ADC
in the group 1, 2 and 3 of disability was 1.12 ± 0.19,
1.50 ± 0.35, 1.51 ± 0.36, respectively, with P value < 0.
001. Likewise the mean of the NAA/Cr ratio at the
plaque was 1.34 ± 0.44, 1.59 ± 0.51, 1.11 ± 0.15 with P

1.6

1.37
0.81

ADC

1.38
1.01
0.67 0.6

NAA/CR
NAWM

CHO/NAA
NAWM

1.08

0.88

CHO/CR
NAWM

MS pa ents

0.72

NAA/CR
(PLAQUE)

CHO/NAA
(PLAQUE)

CHO/CR
(PLAQUE)

Control

Fig. 1 Difference between patients with and healthy controls as
regard non-conventional MRI techniques

value 0.001 (Table 3, Figs. 2, 3, 4). There was an insignificant difference between disability group 1, 2 and 3
in comparing the mean of metabolic changes, namely;
NAA/Cr, Cho/NAA, Cho/Cr of NAWM and the Cho/
NAA and Cho/Cr at the plaque (Table 3). There was
a significant correlation between ADC and disability
(r = 0.42 and P value < 0.001) (Table 4).
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Table 3 Comparison between patients in different disability groups according to EDSS
No disability
N = 28

Minimal disability
N = 32

Moderate disability
N = 20

35.7 ± 10.1

30.7 ± 6.6

33.6 ± 8.6

Male

12 (42.9%)

20 (62.5%)

4 (20.0%)

Female

16 (57.1%)

12 (37.5%)

16 (80.0%)

1.6 ± 2.2

6.2 ± 5.1

6.3 ± 4.5

No

24 (85.7%)

12 (37.5%)

16 (80.0%)

Yes

4 (14.3%)

20(62.5%)

4 (20.0%)

No

(57.1%)

4 (12.5%)

0 (0.0%)

Yes

12 (42.9%)

28 (87.5%)

20 (100.0%)

Number of plaques on T2 weighted
images

4 ± 1.3

7 ± 3.9

6.4 ± 3.5

Black holes

2.8 ± 1.2

4 ± 2.1

2.4 ± 3.4

12(60.0%)

< 0.001

1.12 ± 0.19

1.50 ± 0.35

1.51 ± 0.36

< 0.001

1.34 ± 0.44

1.59 ± 0.51

1.11 ± 0.15

0.001

0.74 ± 0.06

0.580

1.07 ± 0.21

0.296

Age (year) mean ± SD
Sex

Duration (years)
Number of attacks/years
Disease modifying therapy

2 ± 0.5

3 ± 1.2

3.4 ± 0.5

Symptomatic treatment

P value
0.081
0.011

< 0.001
< 0.001
0.000

0.000

Conventional MRI (cMRI)

Enhanced plaques

12(42.9%)

0(0.0%)

0.001
0.037

Non-conventional MRI
ADC
NAA/Cr NAWM
NAA/Cr plaque
Cho/NAA_NAWM
Cho/NAA plaque
Cho/Cr NAWM
Cho/Cr plaque

1.67 ± 0.03

0.65 ± 0.07

0.72 ± 0.08

1.05 ± 0.48

1.15 ± 0.42

1.6 ± 0.45

0.69 ± .082

0.71 ± 0.10

0.98 ± 0.16

1.03 ± 0.21

1.49 ± .033

0.297

0.67 ± 0.08

0.094

0.98 ± 0.13

0.636

Cho/Cr choline/creatine; Cho/NAA choline/N-acetyl-aspartate; NAA/Cr N-acetyl-aspartate/creatine; EDSS expanded disability status scale; NAWM normal appearing
white matter

(See figure on next page.)
Fig. 2 A 32-year-old female diagnosed as RRMS showing multiple plaques; single voxel MR spectroscopy with ROI was placed at corona radiata
plaque (a); showing decreased NAA curve and mildly elevated choline curve, which is correlated by Low NAA/Cr ratio 1.38 and elevated choline/
Cr ratio 1.09. b ROI was placed at NAWM, more lateral to the plaque showing decreased NAA curve and mildly elevated choline curve, which is
correlated by Low NAA/Cr ratio 1.55 and elevated choline/Cr ratio 1.01

Discussion
MS is a complex immune-mediated disorder affecting the brain and spinal cord and it is associated with
inflammation, demyelination, gliosis and axonal degeneration [28, 29]. cMRI techniques play a crucial role
in the diagnosis of MS [4, 30] but, they have a limited
role in evaluating the different events involved in MS
pathogenesis particularly in NAWM [22, 29, 31, 32]. In
contrary, the advanced MRI techniques, may detect different metabolic changes in NAWM, and provide more
assertive diagnostic and prognostic criteria, and accurately compare response to different lines of treatment
[29].

Most of the previous studies showed that men are more
likely to have poorer outcomes [33–36]. In contrast to our
study, we found a significant association between female
gender and disability and this difference can be explained
by the facts that 44.4% of male patients received DMT,
while only about one quarter (27.3%) of female patients
received that treatment in our group of patients, and so
most of the females were exposed to more relapses and
subsequent accumulation of disabilities. In addition,
RRMS patients only were enrolled in this study with
exclusion of secondary and primary progressive MS,
which is relatively common in males as reported by Ford
et al. [37].
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Fig. 3 A 37-year-old female diagnosed at RRMS showing multiple plaques; single voxel MR spectroscopy with ROI was placed at corona radiata
plaque a; showing decreased NAA curve and mildly elevated choline curve, which is correlated by Low NAA/Cr ratio 1.44 and elevated choline/Cr
ratio 1.06. b ROI placed at NAWM, more lateral to the plaque showing decreased NAA curve and mildly elevated choline curve, which is correlated
by Low NAA/Cr ratio 1.45 and elevated choline/Cr ratio 1.21
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Fig. 4 A 24 year patient diagnosed as RRMS; ROI was placed
on an MS plaque at an ADC map for recording the ADC value of
1.373 × 10−3 mm2/s

Table 4 Correlation between EDSS values and MRI variables in
patients with MS
Metabolic changes

EDSS
Correlation coefficient

ADC
NAA/Cr NAWM
NAA/Cr lesion
Cho/NAA NAWM

P value

0.429

0.000

− 0.171

0.128

0.106

0.350

− 0.151

0.182

Cho/NAA lesion

0.070

0.540

Cho/Cr NAWM

− 0.093

0.411

Cho/Cr lesion

− 0.114

0.315

Cho/Cr choline/creatine; Cho/NAA choline/N-acetyl-aspartate; EDSS expanded
disability status scale; NAA/Cr N-acetyl-aspartate/creatine; NAWM normal
appearing white matter

In this work, we found that there was a significant association between the duration of the disease
and moderate disability which is in agreement with
Rzepiński et al. who documented that the time from
MS onset to a score 6 points on the EDSS scale was
13.9 ± 6.8 years for the RRMS and 8.0 ± 5.1 for the
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PPMS patients (P < 0.001) [38]. Similarly in an Egyptian
study carried out on 23 patients with clinically definite
MS patients there was a significant correlation between
disability and duration of the disease (r = 0.416 and P
value = 0.04) [39].
Similar to the previous studies [40–44], we found a significant correlation between number of attacks per year
and moderated disability. We also found that moderate disability was significantly associated with enhanced
plaques which is an indicator of active lesions and clinical
relapses. In addition, the number of plaques on T2 WI is
significantly related to minimal disability, which is in line
with previous studies that reported a week correlation
between the number of lesions on brain MRI and disability, as most of the MRI lesions seen in patients with
MS appear to be asymptomatic (clinic–radiological paradox) [41, 45, 46]. The clinic–radiological paradox may be
explained by the anatomical locations of the MS lesions.
Lesions in the corona radiata or cortex are more likely
to produce symptoms than lesions in the periventricular white matter. In addition, lesions in the spinal cord
or brainstem are more likely to produce symptoms than
lesions in the brain, and so forth [45]. In addition, the
occurrence of apparently asymptomatic lesions is quite
common in patients with MS, even within the spinal
cord [47, 48]. Thus, only about 5–20% of new brain MRI
lesions are associated with clinical symptoms or signs
[45, 49, 50]. Furthermore, the selection bias may play a
role as the percent of patient with no or minimal disability represents 35% and 40%, respectively.
Similar to the previous studies [11, 51], we found
that the mean ADC in patients with MS is significantly
higher than that of the control group 1.37 ± 0.03 and
0.815 ± 0.039, respectively (P value < 0.001). In our
study, we found a significant association between ADC
measured at the MS plaques and disability score which
in line with the previous studies [11, 52]. It has been
shown that higher ADC values were identified in acute
lesions than in chronic lesions because of demyelination or vasogenic extracellular edema [53]. Mohamed
et al. reported that the ADC values measurement can
predict histological changes in MS lesions and then
disease activity [11]. In contrast to our study, Cercignani et al. [54] failed to find a significant correlation
between ADC and disability which can be explained
by the fact that they enrolled a relatively small number
of MS patients (35 patients with relapsing–remitting
MS) in both early and late stages of the disease. DWI
shows the movement of water molecules in tissues, and
the ADC maps show the quantitative measurement of
myelin breakdown [55]. The mean ADC values of MS
lesions may show alterations depending on the type of
edema during active and chronic disease states [56].
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The MS lesions may have higher mean ADC values than
NAWM [55, 56]. The measurement of ADC values may
allow the detection of NAWM injuries [55].
There was a significant correlation between reduced
mean of NAA/Cr ratio for plaques and moderate disability which is consistent with previous studies that confirm
a significant relationship between disability and reduced
levels of NAA and NAA/Cr ratio [8, 18, 57, 58]. NAA is
one of the major metabolites of CNS and is considered
a reliable marker of axonal integrity in the adult brain
[59]. The levels of NAA in various parts of the brain are
directly correlated with neuronal health or integrity,
while decreased levels of NAA detected by MRS indicate
neuronal/axonal loss [60]. Decreased NAA/creatinine
ratio (NAA/Cr) has been shown as an indicator of irreversible axonal dysfunction and reduced brain volume
[61]. De Stefano et al. [61] demonstrated a significant
correlation between changes in NAA/Cr ratio in NAWM
and disability score (measured by EDSS), concluding that
axonal damage in NAWM is important in the understanding of chronic disability in MS.
The mean NAA/Cr ratio of NAWAM of our study
was significantly lower than that of healthy controls
group (1.60 ± 0.39 and 2.27 ± 0.24, respectively, with P
value = 0.017). This finding was confirmed by Matthews
et al. [62], who found low NAA in NAWM of patients
with MS, suggesting a diffuse and early axonal involvement beyond macroscopic lesions. However, we did not
find significant correlation between the decreased NAA/
Cr for NAWM and disability (P value = 0.2) as we collected MS patient at early stage with EDSS is 4.5 or less.
In contrast to our study, a previous study conducted on
31 patients with clinically definite MS and found a significant correlation between the NAA/Cr ratio in NAWM
and disability as measured by EDSS score (r =  − 0.38;
P < 0.03) [63] as they recruited a relatively smaller number patients (31) and extended their selection to enrolled
patients with EDSS scores up to 5.5.
In comparing MS patient and control subjects, we
found a significant increase in Cho/NAA ratio for
NAWM (as the levels of NAA was decreased) and Cho/
Cr ratio for NAWM. Previous work documented a
“clinical silent” focal or diffuse “background inflammation” in very early stages of RRMS not detectable in
cMRI may cause diffuse axonal damage and this subtle
axonal degeneration may be visualized by MRS as reduction of NAA levels [64, 65]. An increase of choline/creatine (Cho/Cr) ratio has been considered as a marker of
increased membrane cell turnover in active MS plaques
[61, 66–68]. Cho and Cr as well as NAA reflect a range
of pathological processes, prevalent in NAWM of MS
patients, occurring even during the clinically calm phase
of the disease [69].
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Acute axonal damage is secondary to axon transection
in the setting of inflammatory demyelination [9], while
progressive axonal degeneration may be related to lack
of trophic support from oligodendroglia and myelin [70].
Some authors have suggested that a cell-mediated autoimmune response occurs against extraneous or even the
body’s own components, with the consequent damage
of oligodendrocytes and progressive axonal degeneration [71, 72]. One mechanism of this neurodegeneration
might be associated with the production of reactive oxygen species from activated microglia and macrophages
with a subsequent inadequate energy supply to the CNS
[7, 73].
We did not find any significant association between
disability in patients with MS and Cho/NAA, Cho/Cr
of NAWM and Cho/NAA, and Cho/Cr ratio of plaque.
Similar to previous study which failed to demonstrate a
significant correlation between EDSS and absolute values of creatine, choline, NAA/Cr and NAA/Cho in either
NAWM or MS plaques [39]. This study has some restrictions that should be brought into account in evaluating
the results. One is the unavailability of functional MRI
techniques which were applied only in selected research
centers. We did not compare metabolic changes in gadolinium enhancing and non-enhancing lesions of MS or
with other quantitative MRI modalities (for example,
Magnetization transfer imaging, or T1 mapping). In spite
of these restrictions, it was one of the few studies that has
been used MRS to characterize the metabolic changes
in MS patients in both NAWM and plaque and investigate the relationship between these metabolic changes
and early disability in patients with MS. The detection of
the early disability of noninvasive radiological biomarkers may facilitate early diagnosis and the expansion of
DMT and /or application of neuroprotective treatments
for MS.

Conclusion
The non-conventional MRI techniques including ADC
and metabolic measurements (NAA, Cr and Cho) are
clinically useful tools for detection of early disability in
patients with MS.
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