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Abstract  

Background:  It has been established to use FLAIR se-
quence in detection of MS lesions in central nervous system.  
In this study, we introduced a Double Inversion Recovery  

(DIR) pulse sequence at 1.5 T, which allows a sufficient  
attenuation of the CSF and the NAWM (Normal Appearing  
White Matter) of 34 patients with MS, and compared it to the  
conventional (T2, FLAIR) sequences. MS lesions were clas-
sified anatomically into supratentorial lesions and infratentorial  

lesions. The supratentorial lesions were further categorized  

into cortical, juxta-cortical and subcortical and deep white  

matter (DWM).  

Aim of Study:  To assess the diagnostic value of DIR  
sequence in the detection of MS lesions by comparing DIR  
with FLAIR and T2-weighted pulse sequences in the brain.  

Patients and Methods:  This Cross Sectional Study was  
carried out in Radio-diagnosis Department Faculty of Medicine  

Ain Shams University during the period from January 2021  
till August 2021. The study was approved by Ethical Committee  
of Faculty of Medicine, Ain Shams University. It included 34  

known MS patient.  

Results:  A total of 34 patients were enrolled in this study.  
There were 26 (76.5%) female and 8 (23.5%) male patients,  
with age ranges from 19 to 43 years with a median of 31.5  
years and a mean (±  standard deviation) of 30.47 years ( ±6.7).  
Regarding the total lesion load, DIR was found to be signifi-
cantly superior to the T2 sequence in 85.3% of cases and  
superior to FLAIR sequence in 82.4% of cases. Regarding  

cortical lesions, DIR was found to be significantly superior  
to T2 and FLAIR sequences in 97% and 93.9% of the cases  
with cortical affection respectively. Regarding juxta and  
subcortical lesions, DIR was found to be significantly superior  
to T2 and FLAIR sequences in 64.5% and 54.8% respectively  

in cases with juxta and subcortical affection. Regarding DWM  
lesions, DIR was found to be superior to T2 and FLAIR  
sequences in 47.1% and 35.3% of cases respectively and equal  

to T2 and FLAIR sequences in 17.6% of cases. Regarding the  

infratentorial lesions, DIR was found to be significantly  
superior to T2 and FLAIR sequences in 65.2% of cases with  

infratentorial affection.  
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Conclusion:  We found DIR brain imaging had the highest  
sensitivity in the detection of cortical, juxtacortical and  

infratentorial lesions compared with FLAIR and T2 sequences.  
DIR showed better delineation between the WM, GM, and  
the MS lesions due to its high image contrast measurements.  
DIR sequence should be included in the routine MR protocols  
of MS patients especially to answer the question about cortical  

and infratentorial lesions for better prognostic values to the  

patients.  
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Introduction  

MULTIPLE  sclerosis (MS) is the most common  
chronic inflammatory demyelinating disease of the  

central nervous system (CNS), that is characterized  

by focal demyelinating plaques and diffuse neuro-
degeneration, resulting in both physical and neu-
rocognitive disability [1] .  

Although MS has been known as a white matter  

disease, MS lesions occur in all CNS parenchymal  

areas, including cerebral cortex and deep grey  
matter.  

Approximately two million people worldwide  
are affected by this disorder, and it is the most  

common non-traumatic neurological disability  
affecting young adults [2] .  

Multiple Sclerosis (MS) is diagnosed according  
to the McDonald criteria which are clinical, radi-
ographic and laboratory criteria. They were origi-
nally introduced in 2001 and revised multiple  

times, most recently in 2017. The McDonald Cri-
teria have resulted in earlier diagnosis of MS with  

a high degree of both specificity and sensitivity,  

allowing for better counseling of patients and  

earlier treatment [3] .  
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Magnetic resonance imaging (MRI) has played  
a very important role in elucidating the pathophys-
iology, diagnosis and treatment of MS. According  
to the McDonald criteria for MS, the diagnosis  

requires objective evidence of lesions disseminated  
in time and space. As a consequence there is an  

important role for MRI in the diagnosis of MS,  
since MRI can show multiple lesions (dissemination  
in space), some of which can be clinically occult,  

and MRI can show new lesions on follow-up scans  

(dissemination in time) [1] .  

The FLAIR sequence is a sequence that sup-
presses the signal of cerebrospinal fluid (CSF)  

with a reverse cycle (inversion recovery) pulse and  

a high time Echo (TE values increase) T2-weight.  

This sequence increases the contrast of supraten-
torial lesions, in particular lesions that arise in  
juxtaposition to the CSF but is less sensitive in the  
posterior fossa [4] .  

A T2WI relies upon the transverse relaxation  

(also known as "spin-spin" relaxation) of the net  

magnetization vector (NMV). T2 weighting tends  
to require long TE and TR times. T2-weighted  
conventional spin-echo or turbo spin-echo (T2  
TSE) sequences are known to be more sensitive  
in the detection of infratentorial lesions but have  

difficulties detecting juxtacortical lesions. DIR  
sequence produces two different inversion pulses,  

which attenuates the CSF together with the whole  

white matter, thus providing a remarkable deline-
ation between gray and white matter. MS plaques  
located in the grey matter are more easily delineated  

using DIR [5] .  

Aim of the work:  

The aim of our work is to assess the diagnostic  

value of a DIR sequence in the detection of MS  

lesions by comparing DIR with FLAIR and T2- 
weighted pulse sequences in the brain.  

Patients and Methods  

Type of study:  Cross Sectional Study.  

Study setting:  The study was conducted at  
Radiology Department at Ain-Shams University  
Hospitals.  

Study period:  From January 2021 till August  
2021.  

Study population:  34 known MS patients.  

Inclusion criteria:  Patients already diagnosed  
to have multiple sclerosis according to the 2017  
revised McDonald criteria. Both sexes were includ-
ed. Adults only (From 18 to 75 year old).  

Exclusion criteria:  Patients known to have  
contraindications for MRI, e.g. an implanted mag-
netic device, pacemakers or claustrophobia. Patients  

with bad general condition needing life support.  

Patients less than 18 years old.  

Sampling method:  Convenience sampling.  

Sample size:  Assuming a correlation coefficient  
of 0.6 between the three techniques, a sample of  

34 patients was included to reveal such correlation  
if true, at 0.01 alpha error and 0.90 power of the  

test.  

Ethical considerations:  The study was conduct-
ed after approval of the Research Ethical Committee  

of Faculty of Medicine, Ain Shams University. An  
informed consents were obtained from all eligible  

patients The privacy of participants and confiden-
tiality of data was guaranteed during the various  
phases of the study.  

Study tools and procedures:  The study was  
done in MRI Unit at Ain Shams University Hospi-
tals on Philips Machine Ingenia 1.5 Tesla. Clinical  
history and imaging findings of the included pa-
tients were obtained from the picture archiving  
and communications system (PACS) of the Radi-
ology Department, Ain Shams University Hospitals  
from January 2021 till August 2021. All patients  
underwent MRI of the brain using head coil (quad-
rature detection, Transmit/Receive coil solution).  

The imaging sequences and their acquisition pa-
rameters are listed below:  

Axial T1WI (TR=581, TE=15), Sagittal T1WI  
(TR=142, TE=2.2), Axial FLAIR (TR=11000,  
TE=130), Sagittal FLAIR (TR=10000, TE=140),  
Axial T2WI (TR=4846, TE=110), Coronal T2WI  
(TR=4811, TE=120) , Axial DWI and ADC maps  
(TR=3935, TE=114), 3D_Brain_VIEW_DIR  

(TR=5500, TE=317).  

Image interpretation:  All images were analyzed  
by two neuroradiologists. Detailed brain analysis  

was performed on axial T2-weighted images along  
with FLAIR and DIR sequences.  

Axial T2, FLAIR and DIR hyperintense demy-
elinating lesions have been assessed as total lesion  

load per patient and site of lesions and their number  

in each site as follows: Cortical, Juxta-Cortical  
and subcortical, Deep white matter and Infratento-
rial.  

Statistical analysis:  

The collected data was revised, coded, tabulated  

and introduced to a PC using Statistical package  
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for Social Science (SPSS 25). Data was presented  

and suitable analysis was done according to the  
type of data obtained for each parameter. Mean,  

Standard deviation ( ±  SD) and range for parametric  
numerical data, while Median and Interquartile  
range (IQR) for non-parametric numerical data.  
Frequency and percentage of non-numerical data.  
Mann Whitney Test (U test) was used to assess the  

statistical significance of the difference of a non-
parametric variable between two study groups.  

-  p-value: Level of significance. 
-  p>0.05: Non significant (NS). 
-  p<0.05: Significant (S).  

Results  

A total of 34 patients were enrolled in this  
study.  

There were 26 (76.5%) female and 8 (23.5%)  

male patients, with age ranges from 19 to 43 years  

with a median of 31.5 years and a mean (±  standard  
deviation) of 30.47 years (±6.7).  

Table (1): Demographic data for the study group.  

Mean / N  SD / %  Median (IQR)  Range  

Age  30.47  6.70%  31.5 (25-35)  (19-43)  

Sex:  
Male  8  23.5%  
Female  26  76.5%  

The lesions were classified anatomically into  

supratentorial lesions and infratentorial lesions.  

The supratentorial lesions were further categorized  

into cortical, juxta-cortical and subcortical and  

Deep white matter (DWM).  

Total lesion load:  
Regarding the total lesion load, DIR was found  

to be significantly superior to the T2 sequence in  
85.3% of cases (p-value=0.019) and superior to  
FLAIR sequence in 82.4% of cases (p-value=  
0.249).  

Table (2): Total lesion load for the study group.  

Mean / N  SD / %  Median (IQR)  Range  

Total lesion  
load affection  

34  100.0%  

T2  18.62  12.45  17 (8-28)  (2-54)  
FLAIR  25.15  21.15  19.5 (14-30)  (2-97)  
DIR  28.29  20.36  24.5 (16-34)  (6-114)  
DIR Vs. T2  29  85.3%  
DIR Vs. FLAIR  28  82.4%  

Cortical lesions:  
The percentage of cases with cortical affection  

was 97.1 %.  

Regarding cortical lesions, DIR was found to  

be significantly superior to T2 and FLAIR sequenc-
es in 97% and 93.9% of the cases with cortical  

affection respectively (p-value <0.001).  

Table (3): Cortical affection for the study group.  

Mean/N  SD/%  Median (IQR) Range  

Cortical affection:  

No  1  2.9%  

Yes  33  97.1%  

T2  0.79  2.00  0 (0-1)  (0-9)  

FLAIR  1.03  2.32  0 (0-1)  (0-12)  

DIR  3.50  3.31  2.5 (1-5)  (0-17)  

DIR Vs. T2  32  97.0%  

DIR Vs. FLAIR  31  93.9%  

Juxta-cortical and Sub-cortical lesions:  

The percentage of cases with juxta and subcor-
tical affection was 91.2%.  

Regarding juxta and subcortical lesions, DIR  
was found to be significantly superior to T2 and  

FLAIR sequences in 64.5% (p-value=0.001) and  
54.8% (p-value=0.023) respectively in cases with  
juxta and subcortical affection.  

Table (4): Juxta and subcortical affection for study group.  

Mean/N  SD/%  
Median  
(IQR)  Range  

Juxta and subcortical  

affection:  

No  3  8.8%  

Yes  31  91.2%  

T2  1.85  2.22  1 (1-2)  (0-11)  

FLAIR  2.24  2.4  2 (1-3)  (0-12)  

DIR  3.59  3.21  3 (2-4)  (0-15)  

DIR Vs. T2  20  64.5%  

DIR Vs. FLAIR  17  54.8%  

Deep white Matter lesions (DWM):  

Regarding DWM lesions, DIR was found to be  

superior to T2 and FLAIR sequences in 47.1 % and  

35.3% of cases respectively and equal to T2 and  
FLAIR sequences in 17.6% of cases.  
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Table (5): DWM affection for study group.  

Mean/N  SD/%  Median (IQR)  Range  

DWM affection  34  100.0%  
T2  13.79  9.26  13 (6-20)  (1-33)  
FLAIR  20.71  18.06  17 (10-25)  (1-90)  
DIR  16.15  13.28  14.5 (7-22)  (1-60)  
DIR Vs. T2  16  47.1%  
DIR Vs. FLAIR  12  35.3%  

Infratentorial lesions:  

The percentage of cases with infratentorial  

affection was 67.6%.  

Regarding the infratentorial lesions, DIR was  
found to be significantly superior to T2 and FLAIR  

sequences in 65.2% of cases with infratentorial  

affection with p-values=0.045 and 0.015 respec-
tively.  

Table (6): Infratentorial affection for the study group.  

Mean/N  SD/%  Median (IQR)  Range  

Infratentorial  
affection:  

No  11  32.4%  
Yes  23  67.6%  

T2  1.85  2.64  1 (0-2)  (0-9)  
FLAIR  1.18  1.45  1 (0-2)  (0-6)  
DIR  5.65  6.53  2.5 (0-10)  (0-22)  
DIR Vs. T2  15  65.2%  
DIR Vs. FLAIR  15  65.2%  

Table (7): Comparison of number of lesions detected between DIR versus T2 and DIR versus FLAIR for study group.  

DIR  T2  
Mann-Whitney test  

(p-Value)  

FLAIR  
Mann-Whitney test  

(p-Value)  Mean ±  SD  
Median (IQR)  

Mean ±  SD  
Median (IQR)  

Mean ±  SD  
Median (IQR)  

Cortical affection  3.5±3.31  0.79±2  <0.001*  1.03±2.32  <0.001*  
2.5 (1-5)  0 (0-1)  0 (0-1)  

Juxta and subcortical affection  3.59±3.21  1.85±2.22  0.001*  2.24±2.4  0.023*  
3 (2-4)  1 (1-2)  2 (1-3)  

DWM affection  16.15± 13.28  13.79±9.26  0.645  20.71 ± 18.06  0.294  
14.5 (7-22)  13 (6-20)  17 (10-25)  

Infratentorial affection  5.65±6.53  1.85±2.64  0.045*  1.18± 1.45  0.015*  
2.5 (0-10)  1 (0-2)  1 (0-2)  

Total lesion load affection  24.5±20.36  18.62± 12.45  0.019*  25.15±21.15  0.249  
24.5 (16-34)  17 (8-28)  19.5 (14-30)  

Fig. (1): 21 year old female patient, known MS, presented with vertigo and headache. (A, B and C) (blue arrows) representing  

T2, FLAIR and DIR sequences respectively, showing an insular cortical lesion appearing only in DIR.  

(A): Axial brain FLAIR sequence  
showing no detected demyelinat-
ing lesions.  

(B): Axial brain T2 sequence showing  
no detected demyelinating lesions  

(C): Axial brain DIR reveals left corti-
cal insular demyelinating lesion.  



Ahmed F.A. Al-Asmar, et al. 2839  

Fig. (2): 37 years old female patient, known MS, presented by blurring of vision. (A, B and C) are the axial brain MRI cuts of  

T2, FLAIR and DIR sequences respectively, showing a left cerebellar lesion (blue arrows) appearing in the three  

sequences with an extra lesion in the right middle cerebellar peduncle (red arrow) only appearing in DIR sequence.  

(A): Axial brain T2 sequence showing  
left cerebellar lesion.  

(B): Axial brain FLAIR sequence  
showing left cerebellar lesion.  

(C): Axial brain DIR sequence showing  
left cerebellar and right middle  
peduncle lesions.  

Discussion  

Multiple sclerosis (MS) is the most common  
chronic inflammatory demyelinating disease of the  

central nervous system (CNS), that is characterized  

by focal demyelinating plaques and diffuse neuro-
degeneration, resulting in both physical and neu-
rocognitive disability (Vural et al.) [1] .  

MS has classically been described as a WM  
disorder; however, over the few past years, an  
increased attention has been pointed toward the  

involvement of GM in the pathophysiology of MS.  
Since abnormalities in cortical gray matter have  

been correlated with both physical and neuropsy-
chological deficits in MS patients, it is essential  
to create a better assessment and a more accurate  

estimation of gray matter lesion load in vivo (Geurts  

et al.) [4] .  

In this study, we introduced a DIR pulse se-
quence at 1.5 T, which allows a sufficient attenua-
tion of the CSF and the NAWM (Normal Appearing  
White Matter) of 34 patients with MS, and com-
pared it to the conventional (T2, FLAIR) sequences.  

MS lesions were classified anatomically into su-
pratentorial lesions and infratentorial lesions. The  
supratentorial lesions were further categorized into  

cortical, juxta-cortical and subcortical and deep  

white matter (DWM).  

Regarding the total lesion load, we found that  

DIR significantly detected more lesions compared  
to T2 (p-value=0.019) and was superior to FLAIR  
but the difference was below the statistical impor- 

tance (p-value=0.249). This was equivalent to  
results done by Geurts et al. [4] ; Elnekeidy et al.  
[6] ; Hamed et al. [7]  and Wattjes and Barkhof [8]  
found that DIR was significantly superior in com-
parison to both T2 and FLAIR sequences.  

As regards the cortical lesions, we found that  

DIR detected significantly more cortical lesions  
when compared to T2 (p-value <0.001) and FLAIR  
(p-value <0.001). This was equivalent to studies  
done by Geurts et al. (2005) [4] ; Elnekeidy et al.  
[6] ; Hamed et al. [7] ; Vural et al. [1] ; Moraal et al.  
[9]  and Wattjes and Barkhof [8] .  

As Regards the juxta and subcortical lesions,  
we found DIR significantly detected more lesion  
compared to T2 (p-value=0.001). This was equiv-
alent to studies done by Elnekeidy et al. [6]  and  
Vural et al. [1]  however, this result was in contrary  
with the result done by Geurts et al. [4]  and Moraal  
et al. [9]  which detected the highest number of  

lesions with T2.  

Compared to FLAIR, DIR significantly detected  

more juxta and subcortical lesions (p-value=0.023)  
in our study. This was equivalent to Elnekeidy et  
al. [6]  and Geurts et al. [4] ; Yet, this result was in  
contrary with the result done by Wattjes and  

Barkhof [8] ; Moraal et al. [9]  which detected more  
lesions with FLAIR.  

As Regards DWM lesions, we found that  
FLAIR detected the highest number of lesions  

followed by DIR and T2 came last. This was equiv-
alent to the results done by Geurts et al. [4] .  
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Elnekeidy et al. [6]  detected the highest DWM  
lesions by DIR. While Vural et al. [1]  detected the  
highest DWM lesions by T2. Hamed et al. [7]  found  
no significant difference of DWM lesions by  
FLAIR and DIR.  

Another important advantage of DIR in our  

study was its ability to detect infratentorial lesions.  
DIR identified significantly more lesions in com-
parison to FLAIR (p-value=0.015). But, it was  
worthy of attention that DIR detected higher lesions  

even when compared with the T2 (p-value=0.045),  
which is considered the “gold standard” in the  
infratentorial region. This was consistent with the  
results done by Elnekeidy et al. [6] ; Hamed et al.  
[7] ; Geurts et al. [4]  and Wattjes and Barkhof [8]  
but in contrary with results done by Moraal et al.  

[9]  who found a similar number of lesions in the  

infratentorial region with DIR, FLAIR, and T2  
images.  

Conclusion:  
We found DIR brain imaging had the highest  

sensitivity in the detection of cortical, juxtacortical  

and infratentorial lesions compared with FLAIR  
and T2 sequences. DIR showed better delineation  
between the WM, GM, and the MS lesions due to  
its high image contrast measurements. DIR se-
quence should be included in the routine MR pro-
tocols of MS patients especially to answer the  

question about cortical and infratentorial lesions  
for better prognostic values to the patients.  
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