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Abstract

Background: Magnetic resonance imaging (MRI) is one of the diagnostic imaging modalities employing in lesion
detection in neurological disorders such as multiple sclerosis (MS). Advances in MRI techniques such as double
inversion recovery (DIR) made it more sensitive to distinguish lesions in the brain. To investigate the lesion load on
different anatomical regions of the brain with MS using DIR, fluid attenuated inversion recovery (FLAIR) and T2-
weighted imaging (T2WI) sequences. A total of 97 MS patients were included in our retrospective study, confirmed
by neurologist. The patients were randomly selected from the major hospital in Saudi Arabia. All images were
obtained using 3T Scanner (Siemens Skyra). The images from the DIR, FLAIR, and T2WI sequence were compared
on axial planes with identical anatomic position and the number of lesions was assigned to their anatomical region.

Results: Comparing the lesion load measurement at various brain anatomical regions showed a significant
difference among those three methods (p < 0.05).

Conclusion: DIR is a valuable MRI sequence for better delineation, greater contrast measurements and the
increasing total number of MS lesions in MRI, compared with FLAIR, and T2WI and DIR revealed more intracortical
lesions as well; therefore, in MS patients, it is recommended to add DIR sequence in daily routine imaging
sequences.
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Background
Multiple sclerosis (MS) is an autoimmune inflammatory
disease of the central nervous system (CNS), resulting to
neurological disorder in both the youth and the elderly
in the worldwide and accounts for about 1.5% of neuro-
logical abnormalities, associated with a progressive phys-
ical damage [1, 2]. The disease affects the calloso-septal
interface, periventricular white matter, cerebellum, and
brain stem [3, 4]. Several studies revealed that most MS
lesion load histologically are on the cerebral cortex spe-
cifically the gray matter and white mater interface [5],

which commonly associated with cognitive disability
which can be revealed by magnetic resonance imaging
(MRI) [6]. It was established that lesion load measure-
ment on brain could predict neurological disorders oc-
curred during several years. Currently, in new MS
diagnosis criterion, the presence of a single cortical le-
sion on a cognitive syndrome indicates that the patient
is suspected to MS [7]. It has been validated that routine
MRI techniques is not enough to detect and quantify
cortical lesions load on MS patients [8, 9]. As previous
studies reported, FLAIR technique is poor to identify the
exact boundary between the cortex and subcortical white
matter. So, leading to misinterpretation of lesions in re-
spect to the exact location of the lesion whether they are
juxtacortical or mixed white/gray mater [10]. But a
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number of study have recently reported using of the
double inversion recovery (DIR) technique provides
higher quality images with adequate sensitivity in dis-
criminating white matter from the gray matter lesions
[11, 12]. Clinically, EDSS can be handled to evaluate the
degree of neurologic damages and the rate of disability
in patients with MS which is the most widely used
method of evaluation nowadays. Previous studies sug-
gested that a major advantage of DIR is the positive as-
sociation between clinical outcomes and cerebral cortex
lesions [13, 14].
Employing DIR sequence in diagnosis of neurological

disorders has been suggested in recent years [7]. The po-
tential of the DIR sequence over the conventional 2D
FLAIR and T2W imaging sequences in detection of
small size lesion in MS patients with an improved image
contrast and its specificity in lesion detection encour-
aged us to assess the lesion load on MS patient among
Saudi Arabian population using FLAIR, DIR, and T2
sequences.

The aim of our study
The aim of our study was to evaluate the lesion load
among MS patients using DIR, FLAIR, and T2WI se-
quences in different anatomical regions. In addition, we
studied the role of DIR sequence and its clinical correl-
ation with expanded disability scoring system (EDSS) to
demonstrate the importance of DIR sequence as a prac-
tical test for clinical disability.

Methods
In our retrospective study, 97 MS patients including 34
male and 63 females average age 20 and 49 years (mean =
31.44 and SD = 6.86) were confirmed by neurologist ac-
cordance with 2017 McDonald criteria, randomly selected
from 2017 to 2019 in the major hospital in Saudi Arabia.
Result of frequency analysis according to their clinical
symptoms showed that the majority of patients (n = 87)
demonstrated relapsing remitting multiple sclerosis
(RRMS), 5 cases presented primary progressive (PPMS)
and 5 cases with clinically isolated syndrome (CIS).
This study was approved by the local ethics committee

of the hospitals, and all the patients filled out a written
consent before the MRI exam.
All images were acquired using 3T scanner (Siemens

Skyra) at the radiology department of the two major
hospitals selected for the study in Saudi Arabia with a
standard 16 channel head coil for brain imaging.
The images from the DIR, FLAIR, and T2 TSE se-

quence were compared on axial plane with identical ana-
tomic position. The parameters are summarized on
Table 1. In DIR sequence, two inversion delay times
(TI1 = 3000 and TI2 = 425 ms) are embedded in the sys-
tem. TI1 and TI2 clarify the intervals between the two

180° invertor pulses and the 90° excitation pulse. The in-
version times allows to demonstrate the cortex or the
white matter depends on CSF and white matter to be sup-
pressed or CSF and gray matter, so, depicts gray matter or
white matter subsequently. The prolonged TI in DIR (TI1
= 3000) allows better suppression of cerebrospinal fluid
(CSF) compared with the TI = 2500 in FLAIR.

Image acquisition and MRI interpretation
The images were interpreted by certified radiologist with
neuroradiological experience, blinded to the clinical
presentation and the results of the paraclinical tests.
There was some high signal intensity in a striped

shape known as flow artifacts in extra-cortical regions
rising from the major vessels or sinuses which consid-
ered artifacts while MS lesions were identified as hyper
intense spots observed with a size of ≥ 2 mm in contrast
to these spots. Detected lesions were divided respecting
to their anatomical locations into five categories includ-
ing infratentorial, juxtacortical, subcortical, periventricu-
lar, and cortical. The mean values of the contrast were
calculated among lesions/normal appearing grey matter
(NAGM), lesions/ normal appearing white matter
(NAWM), lesions/cerebrospinal fluid (CSF), and
NAWM/NAGM separately in three sequences in divided
anatomical areas based on (SI1_SI2)/(SI1 + SI2). In this
equivalent, SI1 indicates lesions signal intensity, SI2
representing the signal intensity of the NAWM, NAGM,
or CSF. The signal intensity (SI) was specified by placing
the region-of-interest (ROI) in a mean size of 3 mm × 3
mm on the lesions, the NAWM, and NAGM in all ana-
tomical regions. All the patients were clinically evaluated
with expanded disability status scale (EDSS) before the
MRI exam commenced.

Statistical analysis
Statistical analysis was done using IBM SPSS statistics
software version 24.0. The data analysis was expressed
using descriptive statistic. To evaluate the research hy-
potheses, inferential statistic such as Pearson/Spearman
correlation coefficient, one-way repeated measure

Table 1 MRI sequence parameters for multiple sclerosis

Parameter DIR FLAIR T2W1

Repetition time (ms) 7500 9000 4300

Echo time (ms) 318 84 83

Inversion time (ms) 3000/425 2500

Slice thickness (mm) 1.40 4 4

Field of view (mm) 260 240 240

Matrix 192 320 320

Voxel size 1.4*1.4*1.4 0.8*0.8*4 0.8*0.8*4

Number of signal averaging (NSA) 1 1 2
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ANOVA, and paired-sample t tests were applied for dif-
ference of three methods if data were distributed nor-
mally. Non-parametric method for comparison such as
Friedman and Wilcoxon-test and Spearman correlation
to determine association between researches variables
were applied on the data that did not meet with the as-
sumption of normal distribution.

Results
Clinical symptoms among patients indicated that the
most frequent symptom was numbness (46.4%), visual
disorders (40.2%), and muscle weakness (40.2%); the
lowest frequency belonged to headache (12.4%) and
28.9% with other symptoms such as sphincteric dysfunc-
tion. Patients with suboptimal image quality and other
neurological disorders were excluded.
The total number of lesions were finally calculated and

compared among three sequences. The average total
number of lesions among patients in all region based on
DIR was M = 37.67, FLAIR was M = 29.57, and for
T2WI was M = 27.47 (ranged 2 to 101). Results of Fried-
man’s analysis of variance by ranks (Table 2) showed a
significant difference among three sequences (R2 =
88.275, p < 0.01).
The average number of lesions in infratentorial region

based on DIR was M = 3.84, for FLAIR M = 2.31 and for
T2WI was M = 2.87. There was a significant difference
among three sequences (R2 = 54.256, p < 0.01) with sig-
nificantly highest number of lesions belonged to DIR
and also T2WI significantly higher than FLAIR imaging
Fig. 1.
In juxtacortical region DIR showed a significant differ-

ence among three method (R2 = 44.319, p < 0.01), and
the average number of lesions was M = 5.75, FLAIR was
M = 4.43 and for T2WI, M = 4.15.
DIR sequence indicated the highest number of lesions

R2 = 44.319, p < 0.01) with the mean number of lesion
M = 15.07 in subcortical and FLAIR (M = 12.79) was
significantly higher than T2WI (M = 11.52) as well.
In the periventricular region, a significant difference

was observed by DIR (R2 = 58.617, p < 0.01) with M =
10.66, FLAIR was M = 8.75 and for T2WI was M =

8.32, and also, FLAIR was significantly better than
T2WI Figs. 2 and 3. DIR exhibited significantly higher
number of lesions in cortical region (R2 = 72.456, p <
0.01) regarding to FLAIR which was significantly higher
than T2WI Fig. 4. The mean number of lesions in cor-
tical region based on DIR was M = 2.35, for FLAIR was
M = 1.29 and for T2WI, M = 0.62. The lesion load
measurements shown on Table 2.
All patients went through neurological examination by

a neurologist at the time of MRI to assess their func-
tional capacities by means of EDSS according to the
2017 revised Mc Donald criteria.
The results of our study found a significant positive as-

sociation between infratentorial lesions and higher EDSS
score or clinical disability. Our results displayed the
highest, significant and strong correlation between the
number of detected lesions and EDSS by DIR sequence
(r = 0.584, p < 0.001) in infratentorial region. In connec-
tion with cortical lesions, our findings indicated a posi-
tive and significant results between the number of
lesions and EDSS by DIR sequence (r = 0.273, p = 0.007)
in cortical region, while relationship was almost weak.

Image contrast measurement
The contrast measurements of DIR, FLAIR, and T2W_
TSE imaging are listed in Table 3.
The contrast ratio indicated that the highest contrast

ratio in infratentorial belonged to DIR which was signifi-
cantly higher than other sequences (R2 = 120.114, p <
0.01) followed by T2WI which was significantly higher
than FLAIR Fig. 1. In supratentorial including juxtacorti-
cal, subcortical and periventricular there were the high-
est contrast ratio difference among three sequences (R2

= 128.878, (R2 = 152.271, and R2 = 167.558 respectively
with p < 0.001). The significantly highest contrast ratio
in these three regions belonged to DIR and T2WI was
significantly greater than FLAIR.
FLAIR showed significantly higher contrast ratio be-

tween CSF and lesion (R2 = 155.881, p < 0.001) and DIR
was significantly higher than T2WI.
A significant difference of contrast ratio between Le-

sion/NAGM were observed (R2 = 22.041, p < 0.001) by

Table 2 Comparison of number of lesions based on regions among DIR, FLAIR and T2WI

Regions DIR FLAIR T2WI Relative
gain
DIR/FLAIR

Relative
gain
DIR/T2WI

R2 p
valueMean

(median)
SD
(IQR)

Mean
(median)

SD
(IQR)

Mean
(median)

SD
(IQR)

Infratentorial 3.84(2)a 4.05(5) 2.31(2)c 2.78(3) 2.87(2)b 3.32(3) 66.23% 33.80% 54.265* < 0.001

Juxtacortical 5.75(4)a 5(9) 4.43(3)b 3.91(5) 4.15(3)b 3.95(7) 29.80% 38.55% 44.319* < 0.001

Subcortical 15.07(15)a 9.39(15) 12.79(13)b 7.75(11) 11.52(11)c 8.13(10) 17.83% 30.82% 67.192* < 0.001

Periventricular 10.66(8)a 7.51(12) 8.75(6)b 6.49(10) 8.32(5)c 7.08(10) 21.83% 28.13% 58.617* < 0.001

Cortical 2.35(2)a 2.72(4) 1.29(1)b 2.3(2) 0.62(0)c 1.39(1) 82.17% 279.03% 72.456* < 0.001

*Significant at 0.05 level based on adjusted by the Bonferroni correction for multiple tests. Medians with different letter are significantly different
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DIR and T2WI with no statistical difference between
them, but were significantly higher than FLAIR. The re-
sults indicated the highest contrast ratio between
NAGM/NAWM (R2 = 156.545, p < 0.001) belonged to
DIR, also, T2WI was significantly greater than FLAIR.

Discussion
Multiple sclerosis is a disease generally has been consid-
ered as white matter disorder. Recently, the increasing
number of gray matter involvement has been proved by
pathophysiological reviews in MS patients [15, 16].
An obvious histopathological variation, particularly in

patients with primary progressive or secondary progres-
sive MS is cortical demyelination, so it is required to
demonstrate cortical and subcortical lesions by different
pulse sequences [5, 17].
Although conventional MRI sequences are not suc-

cessful in cortical lesions demonstration, and despite the
advances in new MR techniques such as magnetic reson-
ance spectroscopy (MRS) and diffusion tensor imaging
(DTI), still conventional MRI protocols playing an

important role in early diagnosis of MS or CIS (suggest-
ive of MS) [4–6].
Previous study stated MS plaques better displayed in

axial plane in the area of subcortical and juxtacortical,
while the sagittal plane is appropriate to demonstrate MS
lesions in collo-septal and corpus callosum regions [13,
18]. T2-weighted TSE sequences are more sensitive to de-
tect infratentorial lesions compared to FLAIR imaging se-
quences and FLAIR sequences have adverse results in the
evaluation of the infratentorial parenchyma which it may
be due to the differences in relaxation times compared to
the supratentorial parenchyma [19–21]. Whereas, FLAIR
has the highest sensitivity in the supratentorial area, near
the CSF such as juxtacortical and the periventricular white
matter. The signal from CSF will be suppressed in FLAIR
and DIR pulse sequences while on the contrary, DIR also
attenuates the signal from white matter (WM) and the
sensitivity of DIR pulse sequence increases to detect brain
lesions in WM and gray matter (GM) compared to se-
quences such as proton density (PD) or T2WI and T1-
weighted (T1W) MR sequences at 1.5 and 3.0 T [18, 22].

Fig. 2 Axial MRI of the brain. A lesion (arrow) with higher signal intensity and greater contrast and enables improved visualization of the lesion in
DIR (a) and T2WI (c) and not seen in FLAIR (b)

Fig. 1 Axial MRI of brain at the level of medulla oblongata. A hyper-intense lesion observed in the left aspect of medulla oblongata with better
delineation on DIR (a) compared to FLAIR (b), and T2WI (c). Also, several small hyper-intense juxtacortical lesions (yellow arrows) are seen
involving bilateral cerebellar white matter that are identified on DIR (a) and not seen on both FLAIR (b) and T2WI image (c)
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DIR has potential advantages over conventional MRI
protocols to demonstrate both infratentorial and supra-
tentorial MS lesions and also provides improved appear-
ance of early lesions [20, 23]. Various pulse sequences
are used recently to enhance the sensitivity of MRI to
identify more MS plaques. The difference T1 relaxation
times between GM/CSF and GM/WM results in opti-
mized contrast between gray and white matter and it dem-
onstrates a great boundary of GM. DIR was developed by
Redpath and Smith. It produces a dual contrast of FLAIR
and short tau inversion recovery (STIR) [24, 25].
Two-dimensional (2D) and 3D FLAIR imaging have

shown the increased displaying of cortical and subcor-
tical lesions. FLAIR sequence is extremely sensitive to
detect supratentorial MS lesions due to the CSF attenu-
ation, especially for juxtacortical and periventricular
white matter. But, unlike the DIR sequence, these se-
quences do not have this potential to determine the
exact boundary between the cortex and subcortical WM
clearly, cortical and juxtacortical lesions detection have
improved beyond DIR sequence [24, 26]. Nowadays, nu-
merous MR techniques such as MRS, DTI, and pseudo-
continuous arterial spin labeling have been used to

detect MS lesion and determine its relation to patient's
disability [25, 27].
Recent studies have shown that the extent of gray mat-

ter damage is strongly correlated with the spread of the
disease and the degree of physical disability and cogni-
tive disorders [28, 29].
In a previous study, Chard [30] introduced the DIR se-

quence as a diagnostic criteria in MS patients, especially
for the acute symptoms and gray matter injuries pro-
duced by new MS plaques in the cerebral cortex [30,
31]. Two different inversion pulses are set in DIR se-
quence, which remove the CSF and white matter as well,
so it attains a greater delineation between gray and white
matter [18, 31].
In our study, brain MRI was performed using conven-

tional sequences as well as DIR, FLAIR, and T2W_TSE
techniques. The number of MS plaques in each anatom-
ical region and the total number of MS lesions were cal-
culated separately in each sequence in all patients.
The result of our study was quite promising, DIR

showed significantly higher total MS lesions load (N =
3647) in all anatomical regions compared to FLAIR im-
aging (N = 2896) and T2W_TSE (N = 2697), our overall

Fig. 4 Axial MRI of the brain at DIR (a), FLAIR (b), and T2WI (c) displaying two small hyper-intense cortical lesions on DIR sequence and not
observed at corresponding FLAIR and T2W images

Fig. 3 Note the numerous confluent periventricular MS plaques in a RRMS patient with EDSS2 and numbness and dysfunction. DIR (a), FLAIR (b),
and T2W_TSE (c). DIR image showing more counted lesions with sharply defined borders compared to FLAIR and T2W_TSE
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findings were in agreement with the findings reported in
different studies of Abidi et al. [18], Umino et al. [17],
Prosperini et al. [32], and Hickman et al. [33].
With respect to infratentorial region, DIR identified

increased number of lesions in cerebellum and brain
stem with better delineation, even compared with the
T2W_TSE which still considered as a gold sequence at
this region. These findings were also in agreement with
the findings reported by Abidi et al. [18], Umino et al.
[17], Prosperini et al. [32], and Hickman et al. [33].
A noticeably higher number of lesions seen in juxta-

cortical white matter, these findings were in agreement
with those reported from Abidi et al. [18] and Hickman
et al. [33] but, Umino et al. [17] reported a slightly lower
number of detected lesions in this region, they noted
slightly more lesions in the juxtacortical with FLAIR im-
aging. And also, Prosperini et al. [32] noted statistically
significant increase in juxtacortical and mixed WM/GM
lesions detection on DIR imaging compared to FLAIR
and T2W_TSE.
Abidi et al. [18], Umino et al. [17], Prosperini et al.

[32], and Hickman et al. [33], differed in their findings
from our study as they reported a lower number of MS
lesions in deep white matter with the DIR and slightly
higher number of lesions at this region by FLAIR im-
aging sequence.
DIR revealed significantly higher mean number of le-

sions in the periventricular WM compared with both
FLAIR and T2W_TSE, but there was no significant dif-
ference between the mean number of lesions between
FLAIR and T2W_TSE at this region.
Abidi et al. [18], Hamed et al. [13], and Wattjes et al.

[20] reported a slightly increasing number of lesions re-
garding to FLAIR but statistically difference for T2W
imaging at periventricular region.
By using the DIR sequence, 64 cases of 97 cases in our

study were found to have cortical lesions as well as white
matter lesions, while FLAIR displayed the lesions in 48,
and T2W indicated them in 26 cases in the cortex. By
DIR imaging radiologist could differentiate the exact

location of the lesion whether the lesion was pure cor-
tical or mixed WM/GM or juxtacortical.
Our main interest at this study was to identify gray

matter lesions in patients who are affected by MS dis-
ease and better detected by DIR sequence. MR imaging
with 3D DIR enabled markedly increasing number of
intracortical lesions (N = 231) compared to FLAIR (N =
130) and T2WI (N = 72) Fig. 4. Our results were con-
sistent with the findings of the study done by Abidi et al.
[18], Prosperini et al. [32], and Hickman et al. [33].
In connection with the number of lesions and EDSS

score in different anatomic regions, our study with in-
creased number of lesions in infratentorial and higher
EDSS score is worth discussing.
It is important to diagnose infratentorial lesions be-

cause these findings indicate long-term disability in pa-
tients with MS which are along with early detection of
the disease [23]. Performing DIR sequence is a beneficial
method which may affect the diagnosis and deciding the
treatment at the onset of the disease or especially in pa-
tients with CIS. The number of lesions in infratentorial
area is an important factor to predict the disease with
long-term disability throughout the patient's life. So, ap-
propriate treatment decisions increases by higher diag-
nostic accuracy of these lesions and it has a significant
effect to decrease the long-term disability in patients
with MS [20, 27].
The specific structure of the infratentorial region re-

garding to high density of neural fibers in this region
[32, 33] can explain importance of our results and the
correlation between clinical outcomes and MRI findings
in the infratentorial region more strongly than other
areas of the brain.
Two employed inversion pulses improve the detection

of cortical lesions on DIR sequence by nulling the signal
from CSF and white matter as well. Subsequently, this
double suppression design produces a lower SNR image.
The lower SNR as well as the greater tendency to pulsa-
tion artifacts than FLAIR and T2_TSE should be consid-
ered. Also, previous studies pointed out non-uniform

Table 3 Comparison of Image Contrast based on regions among DIR, FLAIR, and T2WI

Regions DIR FLAIR T2WI R2 p
valueMean (median) SD

(IQR)
Mean (median) SD

(IQR)
Mean (median) SD

(IQR)

Infratentorial 0.58(0.56) a 0.16(0.24) 0.16(0.17) c 0.16(0.09) 0.2(0.26) b 0.26(0.12) 120.114* < 0.001

Juxtacortical 0.68(0.71) a 0.21(0.12) 0.23(0.23) c 0.06(0.1) 0.31(0.32) b 0.12(0.16) 128.878* < 0.001

Subcortical 0.68(0.69) a 0.14(0.15) 0.28(0.26) c 0.12(0.11) 0.38(0.37) b 0.14(0.18) 152.271* < 0.001

Periventricular 0.73(0.72) a 0.08(0.1) 0.3(0.31) c 0.15(0.11) 0.42(0.41) b 0.11(0.18) 167.558* < 0.001

CSF 0.87(0.89) b 0.07(0.1) 0.92(0.92) a 0.04(0.07) -0.33(-0.36) c 0.13(0.18) 155.881* < 0.001

NAGM 0.19(0.2) a 0.13(0.18) 0.12(0.13) b 0.1(0.1) 0.18(0.19)a 0.16(0.24) 22.041* < 0.001

NAGM/NAWM 0.58(0.59) a 0.13(0.16) 0.15(0.14) c 0.11(0.10) 0.24(0.23) b 0.08(0.09) 156.545* < 0.001

*Significant at 0.05 level median with different letter are significantly different
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signal of the magnetic field in the cortex of the limbic
region, as well as the cortex of the central salcus. They
indicated lower SNR and higher scanning time prevents
the high spatial resolution requiring to display the cortex
with a thickness of only 2 to 4 mm [23]. However, the
CSF nulling was appropriate in our images obtained by
DIR sequence even in the worst conditions.
The hyper intense artifacts seen in DIR are ribbon like

and characterized by their bilateral prevalence and sym-
metrical shape, which are characterized by deformations
in successive segments and distinguished in successive
slices. The observation of their variable appearance in
several consecutive slices and other MRI sequences in-
cluding T1-weight or FLAIR can help to distinguish
them as lesions with irregulated shape or as artifacts
caused by rounded cerebral cortical vessels. Artifacts
usually occur in posterior fossa, choroid plexus, periven-
tricular WM, periaqueductal, and brainstem tissue ap-
pear to be as a result of trans ependymal CSF effusion
and pulsation, cerebral sinuses or larger vessels. So, the
greater the extent of the artifacts at the cortico-sulcal
interface, the greater likelihood of counting misinter-
preted cortical lesions. Therefore, a significant reduction
of such artifacts will increase the quality of the diagnosis
[18, 34, 35].
In our study, an acquainted radiologist with these arti-

facts paid careful attention to exclude artifacts seen in
the areas such as the anterior temporal lobes, occipital
lobes, insula. and medial frontal lobes. It helped to elim-
inate cortical vessels not be counted falsely as lesions.
There were very few cerebrospinal fluid and vessels
artifact by using 3D DIR sequence and higher magnetic
field strength comparing with the 2D FLAIR. So, despite
the higher acquisition time, we were encouraged to do
3D DIR sequence because of the advantage of the 3D se-
quence in the lower artifact display.
The various benefits of 3D scans over their identical

2D sequences have encouraged us to do 3D DIR se-
quence. Having isotropic voxels with equal length in all
three directions, are the most important advantages of
images obtained from 3D scans and there is no need to
scan complementary planes such as separate sagittal and
axial. Since there are no gaps between the slices, so 3D
scans can easily keep the image quality in term of
contrast-to-noise ratio (CNR) providing greater spatial
resolution. Three-dimensional MRI sequences, due to
the use of smaller slice thicknesses, detect smaller size
MS plaques especially cortical lesions more precisely
and less flow artifacts compared to two-dimensional se-
quences [34, 36].
There are no artifacts of blood flow and CSF in 3-D

sequences because of non-selective inversion pulses.
Three-dimensional MRI is crucial for the diagnosis of
cerebral atrophy and evaluation of the cortical lesions

load that cause more cognitive impairment and physical
disability than white matter [34, 35].

Conclusion
The 3D DIR sequence at 3T provide faster acquisition
time and higher sensitivity in detection of pure intracor-
tical lesions compared with conventional brain MRI
sequences. Since cortical lesions produces cognitive dis-
orders and physical dysfunction thus, a significant atten-
tion should be paid in detection of even a single new
lesion in gray matter. Therefore, we strongly recommend
the addition of DIR imaging technique as a routine brain
MRI sequence.
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