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ABSTRACT

Introduction: Multiple sclerosis (MS) is one of the chronic autoimmune central nervous system 
disorder that characterized by demyelination of axon in brain cortex and the other grey and 
white matter regions and it makes several symptoms. Magnetic Resonance Imaging (MRI) 
with high sensitivity is the most important preclinical tool for the diagnosis of MS. The aim 
is to conduct systematic review studies carried out on accuracy of MRI sequences in detecting 
Multiple Sclerosis (MS) lesions. Methods: This study was systematic review. The related studies 
accomplished about using MRI in detecting MS lesions in worldwide included by searching in 
database and journal websites, including PubMed, Google Scholar and Medline. These articles 
searched by main keywords such as MRI, MS, lesions, sequence, and detecting. Conclusion: Our 
reviewing study showed that Double Inversion Recovery (DIR) Sequence in MRI has a high 
sensitivity to detect of lesion of MS. Furthermore, we recommend that the physicians add DIR 
sequence in routine MR protocols for diagnostic MS in patients.

INTRODUCTION

Multiple sclerosis (MS) is one of the chronic autoimmune 
central nervous system disorder (1). MS is characterized by 
demyelination of axon in brain cortex and the other grey and 
white matter regions and it makes several symptoms such as 
pain, mobility disorders, poor visualization, spasticity, weak-
ness, ataxia, and bladder symptoms and cognition impairment 
that can get worse over time (2–4). The prevalence of the MS 
varies in all over the world but the studies have shown that 
MS is more common disease in Europe, the United States, 
Canada, New Zealand, and parts of Australia that Asia and 
Africa (5,6). So that this disease involves about 100 cases per 
100,000 individual in a population in North America and Eu-
rope but in Asia and Africa involves about 2 cases per 100,000 
individual in a population and it is noteworthy that it is the 
highest prevalence in women from 25 to 35 years old (5).

The etiology of MS is not yet clear but the studies have 
shown that multifactorial such as genetic and environmental 
factors influence the risk of MS (5,7). From these risk fac-
tors, environmental factors are modifiable such as smoking, 
sun exposure, deficiency of vitamin D, and obesity (8,9).

In research and clinical practices are used clinical, im-
aging, and laboratory evidence for diagnostic MS (10) from 
these, Magnetic Resonance Imaging (MRI) with high sensi-
tivity is the most important preclinical tool for the diagno-
sis of MS and it can detect and monitor the progress of MS 
(11). MRI can assess anatomical structures in three orient-
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ed sectional slices such as axial, coronal and sagittal (11). 
Based on previous studies, however, there is poor correlation 
between extent of lesions showed by MRI and the clinical 
symptoms of the MS; using MRI technique is not considered 
to diagnostic MS in many imaging centers. Therefore, it is 
necessary finding a more sensitive and specific tool for diag-
nosing of the MS. Based on this goal, we need to retrospec-
tive study to compare and determine the most sensitive MRI 
sequences for characterizing MS disease patients.

Objective

The aim is to conduct systematic review studies carried out 
on accuracy of MRI sequences in detecting Multiple Sclero-
sis (MS) lesions.

MATERIALS AND METHODS

The design of this study was systematic review. The relat-
ed studies accomplished about using MRI in detecting MS 
lesions in worldwide included by searching in database and 
journal websites, including PubMed, Google Scholar and 
Medline. These articles searched by main keywords such 
as MRI, MS, lesions, sequence, and detecting. From all 
studies, 10 original English articles that appeared in publi-
cations from December 2010 to December 2018 included 
in this study. The exclusion criteria were: articles that were 
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not focused on using MRI in detecting MS lesions and arti-
cles that had assessed its effect on patients with MS before 
the2010 year.

The protocol of finding related study was as following, 
after searching studies by keywords in databases, all of the 
studies were entered in endnote, then removed duplicate. 
After that titles and abstracts of the articles was checked. 
In next step, full text of the related studies was screened. 
Figure 1 shows the flowchart of the study selection criteria. 
See details of method in figure 1.

RESULTS

Based on inclusion criteria, totally 10 studies were entered in 
this review. All of studies were focused on using MRI in de-
tecting MS lesions. Details of these studies explained below.

Birgit Simon et al performed a study in 2010 year on Thir-
ty-four MS patients to detect the accuracy of double inversion 
recovery (DIR) for showing cortical lesions. They found that 
the FLAIR and T2-weighted images could not detect more 
cortical lesions but 3 T could significantly detect lesion in the 
infratentorial, periventricular and juxtacortical white matter.

Cristina Philpott et al examined the accuracy of T2, stan-
dard STIR and T1 weighted STIR sequence in detection of 
plaques in MS patient in 2011 year (12). They entered all 

MS patient with cervical cord lesions that presented to their 
institution in duration of 5 months. They used T2, FSE, STIR 
and the recommended T1 STIR for their samples. Finally, 
they found that T1 STIR had more accuracy to detect lesions 
than both the traditional STIR and T2 sequences (p < 0.05)

Vural et al. in 2013 year performed the study to com-
pare DIR and Conventional Magnetic Resonance Brain Im-
aging in MS patients (13). Totally, they used DIR, FLAIR 
and T2-weighted magnetic resonance for their participant. 
Thirty-four patients (20 females and 14 males) entered into 
this study. After intervention, they found that DIR had more 
sensitivity to detect lesions in both white matter and grey 
matter than FLAIR and T2.

As well as Elnekeidy et al. in 2014 year examined the abili-
ty of DIR to detect of cortical and white matter brain lesions in 
multiple sclerosis (14). They selected fifteen patients with MS 
in this study. The intervention was including DIR, FLAIR, and 
T2-weighted image (T2WI) sequences. They assessed lesion 
in normal-appearing gray matter (NAGM), normal-appearing 
white matter (NAWM), and cerebrospinal fluid (CSF). After 
intervention, they found that the number of lesions detected 
by DIR was significantly more compared to T2WI or FLAIR.

In addition Pierre Kolber et al. in 2015 year performed 
the study to detect of cortical lesions with DIR and FLAIR in 
MS patients (15). Total their participant was 122 patients that 

PubMed 
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Figure 1. Flow diagram of the selection process of the study for systematic review on Accuracy of MRI Sequences in Detecting 
Multiple Sclerosis (MS) Lesions in 2010- 2018
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they divided them in two groups. The main their finding was 
that 3D FLAIR and 3D DIR sequences both of them could 
detect more cortical lesions in RRMS patients than CIS.

As well as Abidi et al. examined the value of DIR se-
quence to detect of brain MS lesions in 2017 (16). Their 
study was cross sectional and they entered 55 patients in 
their study from May 2016 to February 2016. They exam-
ined DIR, FLAIR, and T2-weighted turbo spin echo (T2W_
TSE) sequences on field of view (FOV), matrix, slice thick-
ness, voxel size, and number of signal averaging (NSA). 
They found that DIR could find more intracortical lesions 
than FLAIR and T2W_TSE.

Another study was done by Gulhan Ertan et al. in 2018 to 
compare the efficiency of 3D DIR Sequence and 3D FLAIR 
in detection of intracervical, mixed, juxtacortical (JX), and 
deep grey matter (GM) Cortical Lesions in MS patients (17). 
Their sample size was 24 patients (9 males, 15 females; 
mean age 34.4±12.0). Their main result was that DIR could 
detect significantly more intracortical lesions (p<0.001) and 
GM lesions (intracortical +mixed) (p<0.001).

Furthermore, Wang et al performed the study in 2018 year 
to compares T2 weighted spin echo, 2D, and 3D fluid-at-
tenuated inversion recovery to detect of the infratentorial 
lesion (18). Total their participant was 85 patients. Contrast-
to-noise and signal-to-noise ratios were measured for 25 
MRIs. They found that 3D FLAIR could detect significantly 

more lesions than 2D (p < 0.001) and T2-weighted spin echo 
(p < 0.001).

Also, Han et al performed study to investigate of grey 
matter abnormalities detected by double inversion recovery 
sequences and diffusion tensor MRI at 3.0 Tesla in MS pa-
tients in 2018 year (19). They enrolled 20 relapsing remitting 
MS (RRMS) patients and 20 healthy control. They examined 
the effect of DIR and DTI MRI on detection of the cortical 
lesions and normal-appearing grey matter (NAGM) in both 
groups. As well as the participants completed the Mini-Men-
tal State Examination (MMSE) and Expanded Disability 
Status Scale (EDSS). The main result of this study was that 
the NAGM in patient group was significantly different com-
pared with the control group. Furthermore, there was nega-
tive correlation between the NAGM FA with NAGM MD 
values of the MS patients and the MMSE score. Neverthe-
less, there was positive correlation between the NAGM FA 
and NAGM MD values with the EDSS score.

Finally, Silvia De Santis et al assessed the Characterizing 
Microstructural Tissue Properties with Diffusion MRI at 7 T 
and 3 T in MS patients to identify the best protocol and bio-
marker in the inflammatory lesions in 2018 year (20). In this 
study, seven MS patients and six healthy controls assessed 
with MRI. They found that Multi-shell diffusion MRI at both 
high (3 T) and ultra-high fields (7 T) increased the ability to 
detect axonal pathology in MS patients.

NO Authors 
&Years

Size Region Finding Summary 

1 Gulhan Ertan 
et al. (2018)

24 patients (9 males, 
15 females; mean age 
34.4±12.0 (16-69) were 
retrospectively evaluated

Istanbul Turkey More lesions were 
detected by the DIR 
sequence compared 
to the FLAIR 
sequence in all 
regions 
except for thalamus

The DIR sequence is 
superior to the FLAIR 
sequence in the detection 
of intracortical and GM 
lesions. In addition, the 
mixed lesion load on the 
DIR sequence is correlated 
with cerebral atrophy.

2 Abdelaziz M. 
Elnekeidy 
et al. (2014)

Fifteen patients with 
remitting relapsing MS 
were included in this study

Egypt DIR showed 
significantly more 
MS lesion load 
overall when 
compared to T2WI 
or 
FLAIR.

DIR sequence is valuable 
in the imaging workup of 
MS as it can detect more 
MS lesions compared to the 
T2W and FLAIR sequences, 
in all anatomical locations.

3 Zahra Abidi 
et al. (2017)

55 patients were admitted Iran More lesions in 
number and size 
were depicted on 
the DIR sequence 
compared with 
FLAIR and 
T2W_TSE.

An increasing total number 
of MS lesions can be 
detected by DIR sequence. 
The study recommend 
adding DIR sequence in 
routine MR protocols for 
MS patients.

4 Kevin Y. Wang, 
Tomas A. Uribe, 
Christie M. 
Lincoln (2018)

Two board-certified 
radiologists independently 
reviewed and counted 
infratentorial lesions from 85
brain MRIs in patients with 
clinically definite multiple 
sclerosis and concurrent 
3D, 2D fluid-attenuated 
inversion

United state The number of 
lesions on 3D 
fluid-attenuated 
inversion recovery 
was significantly 
higher than those on

The 3D fluid-attenuated 
inversion recovery sequence 
addresses the disadvantage 
of poor infratentorial lesion 
detection on 2D, while still 
maintaining the advantage 
over T2-weighted spin echo 
in the detection
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recovery, and T2-weighted 
spin echo sequences

2D (p<0.001) and 
T2-weighted spin 
echo (p<0.001)

of lesions adjacent to the 
cerebrospinal fluid

5 G. VURAL 
et al. (2013)

Thirty-four patients with 
MS (20 females and 
14 males) were included in 
this study.

Turkey DIR images
showed more 
intracortical and 
mixed white 
matter-grey 
matter lesions in 
comparison with
both FLAIR and T2 
sequences

IR brain imaging
had the highest sensitivity 
in the detection of 
cortical and mixed white 
matter - grey matter lesions, 
compared with FLAIR and 
T2 sequences. In addition, 
the lesions obtained with 
DIR images were more 
easily visualized.

6 Pierre Kolber 
et al. (2015)

Total their participant was 
122 patients

Germany Cortical lesions 
imaged with 3D 
FLAIR and 3D DIR 
sequences are found 
more frequently in 
RRMS patients than 
CIS and may be a 
correlate for mild 
neuropsychological 
pathology.

CIS image with 3DFLAIR 
and 3D DIR sequences are 
found more frequently in 
RRMS patients than CLS. 

7 Birgit Simon 
et al. (2010)

Thirty-four patients 
with clinically isolated 
syndromes or definite MS 
were included

Germany They observed 
significantly higher 
numbers of lesions 
involving the cortex 
at 3 T using a DIR 
sequence

DIR brain MR imaging at 3 
T substantially improves the 
sensitivity of the detection 
of cortical lesions compared 
with the standard magnetic 
field strength of 1.5 T.

8 X. Han 
et al. (2018)

Twenty relapsing remitting 
MS (RRMS) patients and 
20
healthy control were 
enrolled in this study

China The NAGM of 
the patient group 
had average MD 
and FA values that 
were significantly 
different compared 
with the control 
group

The NAGM of MS patients 
has microstructural 
damages. The extent of 
such damage was correlated 
with the number of cortical 
lesions. The severity of 
the damage also correlated 
with increased severity of 
cognitive impairment and 
neural defects.

9 Silvia De Santis 
et al. (2018)

This study has Seven 
MS patients and six 
age-matched healthy 
controls

Germany Multi-shell diffusion 
acquisitions 
increased the ability 
to detect axonal 
pathology occurring 
in MS brain tissue 
compared to 
conventional DTI in 
a small pilot study, 
also under clinical 
settings

Multi-shell diffusion MRI 
at both high (3 T) and 
ultra-high fields (7 T) 
are viable options for 
imaging tissue change in 
MS lesions and normal 
appearing WM, while 
higher b-values are not 
beneficial for MS under the 
tested short-time (10 min 
acquisition) conditions.

10 Cristina Philpott 
et al. (2011)

Their participants were 
patients with multiple 
sclerosis with cervical cord 
lesions that they presented 
to their institution over a 
period of 5 months

Australia They found that the 
T2 sequence was 
not more effective 
in detecting 
lesions than the 
traditional STIR 
and T1weighted 
STIR, with 10% of 
lesions not detected 
using statistical 
analysis (p<0.05).

Earlier findings of the 
traditional STIRs increased 
sensitivity versus the 
T2 sequence. However, 
the new “T1 weighted 
STIR” appears to be even 
more sensitive than both 
these sequences showing 
potential promise as an 
alternative method to 
monitor demyelinating 
plaques of MS.
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CONCLUSION
MS is a common inflammatory central nervous disorder that 
it more involves young individuals and can make severe 
symptom and disrupts normal life of patients. Furthermore, 
it is important to find a para clinical way with high sensi-
tivity for diagnosing this disease early. In recently year re-
searchers examined the. Our reviewing study about accuracy 
of MRI to detect this disease showed that Double Inversion 
Recovery (DIR) Sequence in MRI has a high sensitivity to 
detect of lesion of MS. Furthermore, we recommend that the 
physicians add DIR sequence in routine MR protocols for 
diagnostic MS in patients.
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