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Introduction

Multiple sclerosis is the most common autoimmune disorder 
through which covers of nerve cells in the brain and spinal 
cord are damaged [1]. The disease typically starts up between 

the ages of 20 and 50 and is more common in women (twice as common 
in women as in men) [2]. In multiple sclerosis, the body’s immune sys-
tem wrongly assault myelin (a protective cover around our nerves),then, 
it causes inflammation and damage (demyelination) [3]; generally, these 
lesions (resulting scared tissue is called a lesion) are active or inactive 
which active lesions forming or expanding can cause a wide variety 
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ABSTRACT
Background: Multiple sclerosis (MS) is a chronic, typically progressive and 
most common autoimmune disease which damaged the central nervous system. 
According to the reports in 2008, this disorder has affected 2 and 2.5 million people 
globally. While the reason is not clear, proposed causes for this include immuno-
logic, environmental, infectious and genetic factors, and sexuality. MS can cause 
many symptoms, including blurred vision, loss of balance, poor coordination, slurred 
speech, tremors, numbness, extreme fatigue, problems with memory and concentra-
tion, paralysis, blindness, and more. There are four distinguished illness fields in 
MS: relapsing-remitting MS (RRMS), primary-progressive MS (PPMS), secondary-
progressive MS (SPMS), and progressive-relapsing. MRI is a great tool to identify 
the asymptomatic distribution of lesions in space and time. 
Materials and Methods: 32 patients with MS plaques were evaluated by 
FLAIR and DWI pre- and post-Gadolinium injection compared with 15minutes delay 
T1w SE. 
Results: FLAIR post-inject had significantly better detection of the number and 
signal intensity of active MS lesions. DWI and ADC images detected active plaques 
different from non-active lesions without contrast. 
Conclusion: The result of this study showed that FLAIR post-inject had the high-
est sensitivity in detection of active MS lesions due to the CSF signal suppression in 
FLAIR, thus offering enough TR time recovery in active enhanced plaques.
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of symptoms, according to their location and 
size, however, inactive ones do not cause any 
symptoms [4].

Numerous signs are caused by MS that in-
clude: loss of balance, blurred vision, slurred 
speech, poor coordination, extreme fatigue, 
tremors, numbness, memory and concentra-
tion problems, etc. These obstacles may ap-
pear and leave or stay and get worse over time 
[5]. There are four distinguished illness fields 
in MS: relapsing-remitting MS (RRMS), pri-
mary-progressive MS (PPMS), secondary-
progressive MS (SPMS), and progressive-
relapsing. They could be benign, equivalent, 
or intensive [6]. While the reason is not clear, 
proposed causes for this include immunologic 
factors, environmental factors, infectious fac-
tors, genetic factors, and sexuality [7].

MS is diagnosed by various tests such as 
MRI and it is a great tool to identify the as-
ymptomatic distribution of lesions in men-
tioned dissemination [9]. The methods of MS 
distinction are according to revealing the dis-
tribution of white matter lesions [9]. There are 
lots of important roles of MRI that they could 
be mentioned; for instance one of the most sig-
nificant uses of MRI in the diagnostic work-up 
of suspicious MS patients is to perform further 
diagnoses apparent on MRI such as spinal ste-
nosis and most brain tumors [10].

The schema and progress of MRI lesions, in 
the suitable clinical context, have made MRI 
abnormalities precious criteria for the early 
diagnosis of MS [11]. The sensitivity of diag-
nosing MS during the first year is 94% after a 
single attack, in the specificity of 83% [12]. 
The other significant role of MRI is to early 
diagnose MS for clinically isolated syndrome 
(CIS) patients using the international panel 
(IP) diagnostic criteria including MRI for 
dissemination in space (DIS) and time (DIT) 
[13]. Raising the Authorizing a new MRI le-
sion to the replacement for a clinical attack 
doubles up the number of CIS patients who 
can be recognized as possessing MS after one 
year of symptom beginning.

The MRI data needed to support the diag-
nosis varies, rely on the potency of the clini-
cal detections [14]. Specific lesions noticing 
MS include ovoid lesions, Dawson fingers, 
asymptomatic spinal cord lesions, and corpus 
callosum. Nevertheless, another white matter 
disease can have an equivalent appearance on 
an MRI [15].

Fluid-attenuated inversion recovery (FLAIR) 
is a proper sequence to distinguish MS lesions 
in the periventricular area that is a common re-
gion for multiple sclerosis sores that they can 
be managed by suppressing the signal from 
CSF yet sustaining heavily T2 weighting [16]. 
Aforementioned sequence is excellent at dis-
covering cortical/juxtacortical injuries. Conse-
quently, FLAIR is a suitable MR sequence on 
clinical scanners when MS has been elevated 
as a feasible clinical research. Distinguishing 
lesions with substandard quality by PD and 
T2 weighting in the posterior fossa and spinal 
cord where these sequences are prosperous is 
the disadvantage. [17, 18].

Five minutes before T1 weighted imaging, 
a gadolinium is given intravenously to distin-
guish the blood-brain barrier (BBB) disrup-
tion in collaboration with active inflammation. 
New lesions enhanced after injection are valu-
able markers for controlling disease activity 
which endure for a month on average. These 
lesions perform a significant function in des-
ignating diffusion in time within the new di-
agnostic rules [19]. An improvement in active 
lesions discovery can be earned by a triple 
dose of gadolinium or combination with mag-
netization transfer imaging, however, are not 
needed in clinical usage [20].

Despite normal MRI images, a few patients 
are believed to still suffer from MS. One of the 
most important matters that it should be men-
tioned here is that whether such patients lack 
MS plaques or MRI scans are not sufficiently 
optimized to detect MS plaques. However, in-
vestigating for the proper MRI sequences in 
detecting MS plaques is the main object of this 
study.

366



J Biomed Phys Eng 2018; 8(4)

www.jbpe.org Detection of MS plaques by FLAIR and DWI post inject

Materials and Methods
In this cross-sectional study, 32 sick people 

(male = 10, female = 22, range 18 - 38 year-
old, average of age: 27 year-old) be subjected 
to MRI assessment between May 2014, and 
February 2015 at Chamran Imaging Center, 
Sanandaj, Iran. MRI imaging was performed 

using a Siemens, Avanto, 1.5 Tesla system 
equipped with eight-channel head quadrature 
coil.

First, images without contrast were obtained, 
including T2w-FSE, T1w-FSE, FLAIR, SE-
EPI (DWI) sequences (see Table 1). Then, 0.1 
mmol/kg contrast media (Gadolinium-based) 

Parameters Sequence Plane TR 
(m)

TE 
(ms) NEX Matrix size

FOV 
(cm)

Slice thick-
ness (mm)

Gap 
(mm)

T2W-FSE Axial and Coronal 3700 113 1 256×320 24 5 1
T1W-FSE Axial and Sagittal 410 9 1 256×320 24 5 1
FLAIR Pre- and post-
inject Axial 8000 90 2 256×320 24 5 1

SE-EPI (DWI) Axial 3100 103 4 128×128 26 5 1

T1W-FSE Post inject
Axial Coronal 
Sagittal

410 9 1 256×320 24 5 1

Table 1: Sequences parameters.

was injected for each patient; finally, FLAIR 
and T1w-FSE images (in three planes) were 
obtained again with 30-minute delay after 
injection. The related images to our study 
were evaluated by two radiologists, and the 
number of the observed active MS plaques 
in these sequences was noted. The compari-
son of observed MS plaques in three different 
MRI pulse sequences was provided by ANO-
VA analysis test (P<0.05), and the amount of 
agreement between two radiologists has been 
made with Kappa statistic.

Results
This study was performed on 32 patients 

(male:10; female: 22); 110 MS plaques ob-
served of which of them have been active, 
which FLAIR post-injection sequences 
showed that they have the most sensitivity fol-
lowed by T1W-post-injection; DWI and ADC 
map have the most sensitivity, respectively. 
FLAIR pre-injection demonstrated 94 inactive 
MS plaques (see Tables 2 and 3). These im-
ages were evaluated by two radiologists, and 
the results were analyzed by SPSS software 

Infra-tento-
rial Plaques

Supra-tento-
rial Plaques 

FLAIR Post-Inject  
(Active plaques) 1 16  

DWI (Active plaques) 1 11
ADC (Active 
plaques) 1 13

T1w-TSE Post-Inject 
(Active plaques) 2 14

Table 2: Results of Article about Active MS 
Plaques.

version 20 by ANOVA analytical test.
The results revealed that, in FLAIR post-

injection images, more acute MS plaques at 
the supra-tentorial area have been observed 
than in the T1W-TSE post-injection, which is 
a gold standard sequence. DWI sequences and 
ADC map displayed active plaques and even 
some of the inactive plaques, which had less 
specificity compared to the two above-men-
tioned sequences (p<0.05). (see Table 4). Also, 
the results revealed that FLAIR post-inject 
has less Positive Predictive Value (PPV), than 
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T1w gold standard and DWI, but it has more 
Negative Predictive Value (NPV) in compari-
son with T1w gold standard (see Table 5).

There is no significant difference between 
FLAIR post-inject and T1w-TSE post-inject 
as well as between T1w-TSE post-inject and 
ADC. Because the important level between 
these two evaluations is more than 0.05, other 
cases have considerable statistically dissen-
sion. The most differences and strong se-
quences are related to the FLAIR post-inject 
because of the greater difference average in 
comparison with other sequences.

Discussion
Multiple sclerosis (MS) as a central nervous 

system disease is determined by a collection 
of pathophysiological activities containing in-
flammation, demyelination, and axonal loss. 

MRI is the primary imaging modality to diag-
nose MS and track up the plaques and it has a 
high sensitivity to detect the plaques. Contrast 
enhancement in MS plaques indicates activa-
tion and its superior application in the clinical 
assessment. Several sequences of MRI, like 
T1 (with contrast) - and T2W SE, MT-prepared 
imaging, FLAIR, STIR, and DWI, applied for 
the MS detection.

The substantial problem that we have been 
faced recently is showing the tiny MS plaques 
for patients with suspected MS. Although large 
plaques may be obvious in all images [20]. 
This study has proved that FLAIR sequences 
had acceptable accuracy in detecting MS le-
sions along with T1w post-inject for showing 
the active MS lesions placed in the subcortical 
and infra-tentorial areas. Thus, studies indi-
cate that it seems not to be enough to assess 
MS plaque and act alone because FLAIR has 
imaging advantages including high contrast to 
noise as well as post-inject [22]. In addition to 
the FLAIR sequence, other sequences such as 
PD and T2 can be helpful, especially in pre-
saturation fat sat pulses usage [23]. However, 
new research has shown that the 3D double-
inversion recovery sequence has high diag-
nostic accuracy in displaying of MS plaques 
especially in juxta-cortical. Finally, it seems 
that, in order to better detect active brain MS 
lesions, it is necessary to use some related sen-
sitive sequences; otherwise, some tiny active 
MS lesions may be missed.

ANOVA

Score2
Sum of Squares df Mean Square F Sig

Between Groups 413.594 3 137.865
14.984

0.000
Within Groups 257.625 28 9.201
Total 671.219 31

Table 4: Statistical analyze of this study. The findings reveal significant differences between all 
the studied sequences in the supra stage (F3, 28=14.98; Sig=0.000). Thus, the LSD post-hoc test 
is used for studying the differentiation between sequences.

Infra-tento-
rial Plaques

Supra-tento-
rial Plaques

FLAIR Pre-Inject  
(Non-Active plaques) 5 94

T1w TSE Pre-Inject  
(Non-Active plaques) 3 69

DWI (Non-Active 
plaques) 2 73

ADC (Non-Active 
plaques)

2 77

Table 3: Other Results About Non-Active MS 
Plaques.
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There were some restrictions on the message 
data status on the active plaques or not to use 
the double dose because the patient may have 
a special situation such as kidney problems 
and the treatment expenditure. Also, a DIR 
sequence is not used due to shortages in the 
treatment center.

In this study, we investigated the relative con-
tribution of several MRI criteria derived from 
Gadolinium-enhanced post-contrast FLAIR, 
DWI, and gadolinium-enhanced T1-weighted 
images in order to detect multiple sclerosis in 
MS patients. On FLAIR images, signals from 
the CSF are nulled, thus increasing contrast 
between lesions and adjacent CSF. Our results 
indicate that a FLAIR sequence was better at 
lesion visualization than the DWI, T1w, se-
quences tested herein (Figures 1 and 2).

There is another important factor in these 

discoveries that the number of active plaques 
is found, and it always seems to be more. It 
means high specificity and sensitivity in the 
messages in comparison with T1w post-injec-
tion numbers of real plaques.

To identify wounds, diffusion tensor imag-
ing is really sensitive where myelin disrup-
tion has caused an enhancment in apparent 
diffusion coefficient (ADC) and diminished 
fractional anisotropy (FA). Nevertheless, the 
aforementioned process does not have speci-
ficity because it reveals each demyelination, 
gliosis, inflammation, axonal contraction, 
and axonal loss. In this investigation, in some 
cases, the DWI sequence was not able to de-
tect active plaques and as well as the DWI se-
quence detecting some non-active plaques as 
active (Figures 3 and 4). This survey does not 
have such the similar fulfillment.

Multiple Comparisons
Score 2 LSD

(I) section (J) section
Mean Dif-
ference 

(I-J)

Std. 
Error

Sig
95% Confidence Interval

Lower 
Bound

Upper 
Bound

FLAIR Post Inject DWI 9.875* 1.517 0.001 6.77 12.98

ADC 3.875* 1.517 0.016 0.77 6.98

T1w-TSE Post-Inject 2.875 1.517 0.068 -0.23 5.98

DWI FLAIR Post-Inject -9.875* 1.517 0.001 -12.98 -6.77

ADC -6.000* 1.517 0.001 -9.11 -2.89

T1w-TSE Post- Inject -7.000* 1.517 0.001 -10.11 -3.89

ADC FLAIR Post- Inject -3.875* 1.517 0.016 -6.98 -0.77

DWI 6.000* 1.517 0.001 2.89 9.11

T1w-TSE Post- Inject -1.000 1.517 0.515 -4.11 2.11

T1w-TSE Post Inject FLAIR Post- Inject -2.875 1.517 0.068 -5.98 0.23

DWI 7.000* 1.517 0.001 3.89 10.11

ADC 1.000 1.517 0.515 -2.11 4.11

*The mean difference is significant at the 0.05 level.

Table 5: Multiple Comparisons analyze of this study.
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Figure 2: An Active MS plaque in periventricular area with four MRI pulse sequences: A) FLAIR 
post inject (high signal); B) T1w post inject (high signal); C) ADC map (low signal); D) DWI with 
b value 1000 (high signal).

Figure 1: A tiny active MS plaque in subcortical white matter in parietal lobe area with four MRI 
pulse sequences: A) FLAIR post-inject (high signal); B) T1w post inject (iso intense); C) ADC map 
(high signal); D) DWI with b value 1000 (iso intense to high signal, restricted).
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Figure 3: An active MS plaque in occipital lobe with four MRI pulse sequence: A) FLAIR post-
inject (high signal); B) T1w post-inject (iso intense to high signal); C) ADC map (low signal); D) 
DWI with b value 1000 (low signal).

Figure 4: Non-active MS plaque in subcortical white matter in parietal lobe area with four MRI 
pulse sequences: A) Flair pre-inject (high signal); B) T1w post-inject (low signal); C) ADC map 
(high signal); D) DWI with b value 1000 (high signal).
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Conclusion
In some cases, however, the patient has symp-

toms in which MS is suspected, MRI images 
are regular, or maybe the patient has symptoms 
related to a specific area of the brain, MRI im-
ages do not show the MS plaques in the given 
area. Therefore, in this situation, we cannot 
surely conclude that the patient doesn’t have 
MS plaques because, in some cases, it is poor 
in the optimization of MRI pulse sequences. 
Thus, in this investigation, we have some dif-
ferent MRI pulse sequences evaluated to asses 
which of them is the most efficient so as to de-
tect MS plaques in the brain. For this reason, 
we obtained additional MRI pulse sequences 
rather than doing only routine brain MRI.
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