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Abstract
Background: Conventional imaging techniques have a low sensitivity for detection of cortical and deep grey matter
lesions in MS which hinder accurate assessment of the total lesion burden. Aim of this work was to assess the diagnostic accuracy of double inversion recovery (DIR) sequence in the detection of cortical grey matter lesions in MS
patients.
Results: Forty MS patients were prospectively included in this study. Imaging was performed using Philips Ingenia
1.5 T device. The sensitivity, specificity, PPV, NPV and accuracy of DIR sequence in detection of cortical grey matter
lesions were 60%, 100%, 100%, 55.6% and 73.3%, respectively. The sensitivity, specificity, positive and negative predictive values as well as accuracy of Flair sequence were 50%, 100%, 100%, 50% and 66.7%, respectively. The sensitivity,
specificity, positive and negative predictive values as well as accuracy of T2 sequence in the detection of cortical grey
matter lesions were 22.5%, 100%, 100%, 39.2% and 48.3%, respectively.
Conclusions: Detection rate of cortical gray matter lesions was significantly higher on DIR sequence than on T2 and
Flair sequences.
Keywords: MS, MRI, DIR versus FLAIR sequences
Background
Grey matter brain damage is common in multiple sclerosis (MS) which proved pathologically in an increasing
manner, so changes the classic concept of MS as a pure
white matter disease and has led to incorporation of cortical grey matter lesions in the recent diagnostic criteria
for MS. Also, increase the interest in the role of normal
appearing grey matter damage in determining cognition
and disability [1].
Changes in the cerebral cortex have been associated
with the progression of disability in MS patients, so cortical lesions are significantly more evident in patients with
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more pronounced brain tissue damage [2]. Grey matter
lesions not only correlate with physical disability but also
with the level of cognitive impairment which develop in
MS patients [3].
Conventional imaging techniques have a low sensitivity
for detection of cortical and deep grey matter lesions in
MS which hinder accurate assessment of the total lesion
burden [1].
Newer MR imaging sequences such as double inversion
recovery (DIR) is 1.5–5 times more sensitive than conventional MRI in detection of grey matter lesions especially cortical lesions [4].
Double inversion recovery consists of two inversion
pluses applied to suppress the signal from two tissues
simultaneously. In the brain DIR is used mainly to selectively image the grey matter by nulling the signal from
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white matter and CSF [5]. So it provides higher image
contrast between lesions and the normal appearing grey
matter compared to other sequences due to differences in
the relaxation times between grey matter and CSF with
subsequent detection of more lesions’ number [6].
In MS patients, DIR sequence has significantly increase
the detection of cortical lesions including both intra-cortical lesions (ICLs, which are confined to cortical ribbon
without involving underlying subcortical white matter)
and particularly leukocortical lesions (LCLs, which affect
both deep grey matter and adjacent white matter) which
have the highest detection rate among cortical lesions [7].
Intra-cortical lesions are classified according to morphologic features into 4 types round or ovoid (most common) with clear margins, worm shaped following one or
more gyri, wedge shaped and clusters of micro-granular
lesions (infrequent) [7].
Double inversion recovery shows that cortical lesions
are significantly more frequent and numerous at late
stage of MS but can be demonstrated in early phases of
the disease even in patients with a first attack [7]. Double inversion recovery is a potential imaging biomarker
for cognitive deficits [3]. Also, by DIR sequence cortical
lesions have been detected in all MS clinical phenotypes
including CIS patients [7].
Double inversion recovery is currently considered the
best wide scale application pulse sequence that offers
high sensitivity, specificity and accuracy for the detection
of grey matter lesions. It is an innovative MRI sequence
constitutes a significant step forward in the demonstration of deep grey matter involvement and focal cortical
pathologic conditions so it is useful for clinical purposes
as a supplement to or replacement for standard FLAIR
and T2 sequences.
Aim of the work is to evaluate the diagnostic accuracy of DIR in detection of cortical gray matter lesions in
patients with MS.

Methods
(group I)

In a prospective study, 40 patients clinically diagnosed
to have MS according to 2017 Mc-Donald criteria were
included. They were diagnosed in neuropsychiatry
department, and they were referred to department of
radio-diagnosis, Faculty of Medicine. The study was done
between December 2017 and February 2020.
Inclusion criteria:
Patients diagnosed with MS (clinical and laboratory).
Age between 18 and 50 years.
Expanded disability status scale (EDSS) score from 1 to
6.
Exclusion criteria:
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The patients who were contraindicated for MRI examination as those had artificial cardiac pacemaker or metallic prosthesis.
Patients with severe claustrophobia.
Patients with age above 50 years old or less than
18 years.
Patients with concomitant neurological disease in conjunction with MS.
Patient with prior diagnosis of cardiovascular
morbidity.
All patients were subjected to:
I) Clinical assessment:
II) Full history taking including name, sex, age and
symptoms as well as duration of the disease.
III) Neurological assessment: Evaluation of disability using EDSS score as well as assessment of the
course of the disease in our neuropsychiatry
department.
IV) Imaging study:
Brain MRI

Brain MRI examination was performed on 1.5 T MRI
system (Philips Ingenia). All patients were imaged in
the supine position using head coil. The MRI protocol includes the following:
2D Axial T2 weighted images utilizing the following
parameters: Repetition time (TR) of 4000 ms, echo
time (TE) of 98 ms, slice thickness of 5 mm, number of signal averages (NSA) = 1 matrix 512 × 512,
gap 1–2 mm, flip angle = 90° and field of view
(FOV) = 230 mm.
2D Axial and sagittal Flair images utilizing the
following parameters: Repetition time (TR) of
6000 ms, echo time (TE) of 120 ms, slice thickness
of 5 mm, (NSA) 2, matrix 512 × 512, gap 1–2 mm,
flip angle = 90° and FOV = 230 mm.
Axial double inversion recovery (DIR) MRI sequence
utilizing the following parameters: Repetition time
(TR) 2400 ms, echo time (TE) of 25 ms, slice thickness of 3 mm and FOV = 220 mm.
Healthy controls (group II)

Twenty healthy and age matched volunteers were
examined in the analysis for comparison. They had
no contraindication for MRI examination as well as
no history for any neurological disease. They were
subjected to the following: 2D axial Flair sequence,
2D axial T2, 2D axial DIR with the same parameters
as our patients.
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Image analysis for patients and control group
Image interpretation was performed on communication system workstation using Philips ISP (Intell space
portal V. 9) and then analyzed as follows:
Assessment of the distribution of MS plaques in
different grey matter sites of the brain among 40
MS patients (including leukocortical, intracortical
regions as well as deep grey matter region of the
brain).
Assessment of the number of cortical grey matter
lesions (including leukocortical and intracortical lesions) in different pulse sequences including T2, Flair and DIR. Leukocortical lesions were
determined as lesions involve both cortex and juxtacortical white matter. Intracortical lesions were
defined as focal lesions completely lie within the
cortex and not affecting white matter.
Differentiation between juxtacortical lesions (which
are white matter lesions touching cortex with no
intervening white matter) and leukocortical lesions.

Results
The study was conducted in the department of Radiology, at the time period from December 2017 to
February 2020. All patients were diagnosed in neuropsychiatry department, and they were referred to our
department of radio-diagnosis for MRI examination.
Demographics and clinical data

Demographic and clinical variables in 40 multiple sclerosis (MS) patients and 20 controls who were included
in the study are shown in the following Tables and
Figs. 1, 2, 3, 4 and 5.
The included 40 patients were (87.5% female and
12.5% were male) diagnosed as MS according to McDonald criteria 2017. Range of the age was (20–47)
years and mean age of all patients was (29.2 ± 7.1) years
(Table 1).
For the control group 20 healthy volunteers were
examined in the analysis for comparison. All were
female, age range was (24–48) years and mean age was
(32.75 ± 9.23) years (Table 2).
Conventional MRI criteria

As regarding distribution of MS plaques in different anatomical locations of the brain among 40 patients revealed
that 22 patients (55%) had leukocortical plaques while 10
patients (25%) had intra-cortical plaques (Table 3).
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A statistically significant difference was found
between different MRI sequences (DIR, T2 and Flair) as
regarding number of cortical grey mater lesions among
studied MS patients (P < 0.001). In the present study,
254 cortical lesions were detected with DIR sequence
and 214 lesions with Flair sequence while only 72
lesions were detected with T2 sequence.
DIR sequence demonstrated significantly more cortical
grey matter lesions compared to Flair and T2 sequences
(Table 4).
As regarding cortical grey matter lesions, there was
statistically significant strong agreement between DIR
and Flair (K = 0.8, P < 0.001) and fair significant agreement between DIR and T2 (K = 0.32, P = 0.005) as well
as moderate significant agreement between Flair and T2
(K = 0.52, P < 0.001) (Table 5).
It was found that there was statistically significant
strong positive correlation between number of cortical grey matter lesions in different MRI pulse sequences
(T2, Flair and DIR) versus EDSS. However, DIR sequence
showed the highest significant positive correlation
(Tables 6, 7).
ROC curve analysis shows significant diagnostic performance for detection of cortical grey matter lesions with
DIR sequence (AUC = 0.8) and fair significant diagnostic performance with Flair sequence (AUC = 0.75) while
poor insignificant diagnostic performance was observed
by T2 sequence (AUC = 0.61). So diagnostic performance
of DIR sequence in prediction of cortical grey matter lesions was more than Flair and T2 sequences. The
sensitivity, specificity, PPV, NPV and accuracy of DIR
sequence in detection of cortical grey matter lesions were
60%, 100%, 100%, 55.6% and 73.3%, respectively. The sensitivity, specificity, positive and negative predictive values
as well as accuracy of Flair sequence were 50%, 100%,
100%, 50% and 66.7%, respectively. The sensitivity, specificity, positive and negative predictive values as well as
accuracy of T2 sequence in the detection of cortical grey
matter lesions were 22.5%, 100%, 100%, 39.2% and 48.3%,
respectively (Table 8).

Discussion
Multiple sclerosis is chronic inflammatory, demyelinating
and neurodegenerative disease of CNS. It is the second
most common cause of disability after trauma in young
adults. Magnetic resonance imaging (MRI) is an important non clinical tool for MS diagnosis. Great efforts have
been dedicated in the current years to overcome conventional MRI limitations by the use of non-conventional
MR metrics to provide detailed pathological information
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Fig. 1 ROC curve analysis for the prediction of cortical grey matter lesions using different MRI sequences (DIR, Flair and T2) (control group is the
reference group)

related to the mechanisms of MS via different imaging
techniques to reverse the neurodegenerative processes.
Some of these metrics include double inversion recovery.
In this study 40 patients diagnosed with MS according to McDonald criteria 2017 were included and 20
healthy controls were examined in the study for comparison. None of the controls in our study reported
to have any neurological conditions and their FLAIR
images were judged to be normal. Double inversion
recovery (DIR) is an important sequence and the advocacy for it came at a time when the assessment of grey
matter lesions by conventional MRI is limited and not
optimal because of poor contrast resolution between
normal appearing grey matter and plaques, partial volume effects of CSF surrounding the cortex and due to
low degree of inflammation. Recognition of grey matter

involvement in MS has led to the incorporation of cortical/juxta-cortical lesions in 2017 revised Mc-Donald criteria for the diagnosis of MS. Double inversion
recovery increases the sensitivity for detecting cortical lesions via suppressing signal from both CSF and
white matter thus providing a remarkable delineation
between grey matter and white matter as well as facilitates visualization of cortical grey matter lesions [8].
In this study, there was a good significant diagnostic
performance of detection of cortical grey matter lesions
with DIR sequence (AUC = 0.8) in comparison with the
Flair and T2 sequences. Detection rate of cortical lesions
was significantly higher on DIR sequence than on T2 and
Flair sequences. These findings were in agreement with
Shilpa et al., Hamed et al. and Abidi et al. [9–11].
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Fig. 2 Female 30-years-old with history of RRMS since 6 months presented by numbness and headache, EDSS = 2. A–C (Axial DIR, Flair and T2
sequences, respectively) show multiple MS plaques more obvious with more localization on DIR sequence. (1 = intracortical, 2 = juxtacortical and
3 = WM lesion)

Fig. 3 Female patient 30-years-old with history of RRMS since 4 years presented by weakness, headache and visual disorder, EDSS = 4.5. A–C
(Axial DIR, Flair and T2 sequences, respectively) show MS plaques noted at different anatomical locations more obvious on DIR sequence.
(1 = leukocortical lesion, 2 = WM lesion and 3 = intra-cortical lesion)

In this study as regarding detection of cortical lesions,
statistically significant strong agreement was found
between DIR and Flair sequences (K = 0.8, P < 0.001)
while fair agreement was found between DIR and T2
sequences (K = 0.32, P = 0.005).
There was positive strong correlation between number of cortical grey matter lesions in different MRI pulse
sequences (T2, Flair and DIR) and EDSS score with
DIR sequence showed the highest significant positive

correlation. This was in agreement with Hamed et al. and
Vural et al. [10–12].
The positive association between clinical outcome and
cortical lesions which detected by DIR sequence is considered a great advantage of DIR sequence overcoming
the clinico-radiological paradox in MS. The second major
advantage of DIR in this study is better differentiation
between juxtacortical and leukocortical lesions due to the
sharp delineation between white matter and grey matter
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Fig. 4 Female patient 32-years-old with history of RRMS since 3 years presented by weakness, headache and visual disorder, EDSS = 4. A–C (Axial
DIR, Flair and T2 sequences, respectively) show MS plaques (1 = juxtacortical lesion, 2 = WM lesion, 3 = lesions at deep grey matter (involving both
thalami), 4 = confluent lesion, 5 = WM Lesion)

Fig. 5 Female patient 27-years-old with history of RRMS since 1 year presented by headache, EDSS = 2. A–C (Axial DIR, Flair and T2 sequences,
respectively) show the arrow points to an abnormal high signal intensity intra-cortical lesion visualized at the right posterior high parietal level seen
at DIR sequence and not visualized at other sequences

Table 1 Socio-demographic data among 40 MS patients:

Table 2 Socio-demographic data among 20 controls:

Variable

Variable

Age (years)
Sex

Descriptive statistics
N = 40
Mean ± SD

Range

29.2 ± 7.1

20–47

Age (years)

35 (87.5%)
5(12.5%)

Sex

Female
Male

Descriptive statistics
N = 20
Mean ± SD

Range

32.75 ± 9.23

24–48

Female

20 (100%)

Male

0 (0%)
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Table 3 Percentage of the distribution of multiple sclerosis
plaques in different anatomical locations of the brain among
studied MS patients

Table 6 Spearmen correlation between number of cortical grey
matter lesions in DIR, T2 and Flair sequences versus EDSS score
among studied 40 MS patients

Variable

Spearman correlation

Distribution of plaques
in different anatomical
locations of the brain
among 40 MS patients
N

%

Leukocortical region

22

55

Intracortical region

10

25

in DIR as some lesions which are scored on FLAIR and
T2 images as juxtacortical lesions often turned out to be
leukocortical (mixed white matter grey matter lesions) on
DIR sequence.
The converged results between DIR and FLAIR
sequences return to CSF signal nulling in both sequences.
However, DIR sequence adds better morphological
characterization and delineation of the lesions, this is
in agreement with Abdullah et al. [13]. So in this study,
these lesions become more countable and obvious in DIR
sequence compared to the confluent configuration of the
lesions in FLAIR and T2 sequences. In addition, in this
study DIR sequence adds better morphological characterization and delineation of deep grey matter lesions in
comparison with other sequences.

EDSS score
r

P value

0.896

< 0.001*

Number of cortical grey matter lesions in DIR sequence 0.912

< 0.001*

Number of cortical grey matter lesions in Flair
sequence
Number of cortical grey matter lesions in T2 sequence

0.788

0.012*

Significant level at P value < 0.05

The importance of grey matter damage in MS patients
and its effect on patient’s disability as well as the need for
more assessment of disease progression makes visualization and quantification of cortical lesions on routine scan
is a priority and excites us to introduce DIR sequence in
our routine study.

Conclusion
Grey matter brain damage is common in multiple sclerosis (MS) so changes the classic concept of this disease
as a pure white matter disease. Double inversion recovery (DIR) is 1.5–5 times more sensitive than conventional
MRI in detection of the grey matter lesions especially
cortical lesions. So DIR is a highly recommended
sequence to be used in routine MRI protocols for MS
study.

Table 4 Comparison between different MRI pulse sequences (T2, Flair and DIR) as regarding detection rate and number of cortical
grey matter lesions among studied 40 MS patients:
Variable

T2
sequence

Flair
sequence

DIR
sequence

Detection rate of cortical grey matter lesions (intracortical and leukocortical)

9(22.5%)

20(50%)

24(60%)

Number of cortical grey matter lesions

(6–11) ^
8 ± 1.7^^

(2–20) ^
10.7 ± 5.2^^

(1–22) ^
10.6 ± 6.5^^

^ Range, ^^ Mean ± SD

P value

< 0.001*

Repeated measures ANOVA test
Significant level at P value < 0.05

Table 5 Agreement between DIR, T2 and Flair results as regarding diagnostic accuracy parameters among studied 40 MS patients
Variable

DIR

Flair

T2

DIR versus Flair

DIR versus T2

Flair versus T2

(Kappa)
P value

(Kappa)
P value

(Kappa)
P value

(0.8)
< 0.001*

(0.32)
0.005*

(0.52)
< 0.001*

Cortical grey matter lesions
No
Yes

16(40%)
24(60%)

Significant level at P value < 0.05

20(50%)
20(50%)

31(77.5%)
9(22.5%)
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Table 7 Comparison between different MRI sequences (T2, Flair and DIR) among studied 40 MS patients versus controls as regarding
detection rate of cortical grey matter lesions
Variable

DIR

Flair

T2

Control

P value versus Control
DIR

FLAIR

T2

Cortical grey matter lesions
No

16(40%)

20(50%)

31(77.5%)

20(100%)

Yes

24(60%)

20(50%)

9(22.5%)

0(0%)

< 0.001*

< 0.001*

0.023*

Significant level at P value < 0.0

Table 8 ROC curve analysis for the prediction of cortical grey
matter lesions using different MRI pulse sequences (DIR, Flair and
T2) among studied 40 MS patients (control group is the reference
group)
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DIR

Flair

T2

AUC

0.8

0.75

0.613

95% CI

0.69–0.91

0.63–0.87
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Sensitivity

60

50

22.5

Specificity

100

100

100

PPV

100

100

100

NPV

55.6

50

39.2

Accuracy

73.3

66.7

48.3

*Significant p-value
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