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Diagnostic utility of 3D DIR MRI 
in the estimation of MS lesions overall load 
with special emphasis on cortical subtypes
Ahmed S. Abdelrahman* , Nivan Hany Khater and Mai M. K. Barakat 

Abstract 

Background: A number of magnetic resonance imaging studies have shown that a significant proportion of mul-
tiple sclerosis (MS) lesions are located in the cerebral cortex and correlate with the patient’s disability level. Double 
inversion recovery (DIR) has a higher sensitivity to detect cortical lesions and their different types. The aim of our 
study was to assess the superiority of 3D DIR as compared to FLAIR in detecting the different cortical subtypes and to 
enhance its role as a test for the clinical disability of the patient.

Results: The current study included 82 MS patients (60 female and 22 male with mean age of 34.5 ± 8.2 years); 59 
cases having relapsing–remitting MS, 5 having secondary progressive MS, and 4 having primary progressive MS, as 
well as eight clinically isolated syndrome cases, and six radiologically isolated syndrome cases. DIR was superior to 
FLAIR in MS plaque number detection of cortical plaque-types 1, 2, 3 and 4 with a p value < 0.001. DIR was superior 
to FLAIR for detection of overall cortical types, juxtacortical and juxtacortical extended MS plaques with p =  < 0.001, 
0.010 and < 0.001, respectively. DIR was significantly better than FLAIR for MS plaque number detection in the 
periventricular white matter, subcortical white matter, infratentorial region and the overall MS plaques burden with 
a p < 0.001, 0.038, < 0.001, < 0.001, respectively. No significant difference was noted between both sequences for 
plaques number detection in deep white matter and deep gray matter. A significant correlation between MS disease 
duration, number of attacks and EDSS and the overall cortical MS plaques types and the overall MS plaque burden.

Conclusion: 3D DIR is a reliable tool and provides superior delineation in detecting cortical subtypes. In addition, DIR 
is of value in assessing the degree of clinical and cognitive impairment of MS affected patients.
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Background
Over the past years, a number of magnetic resonance 
imaging (MRI) studies have provided clear evidence 
that the earliest stages of multiple sclerosis (MS) dis-
ease show damage and atrophy of the gray matter even 
faster than that of white matter atrophy [1]. The severity 
of cortical inflammation shows a good correlation with 
the rate at which the disease progresses [2]. Recent stud-
ies suggested that the cortical lesions (CLs) show active 

neuroinflammation, and the histopathology of these 
lesions show extensive amounts of inflammatory com-
ponents as T-cell infiltrates, B-cell follicle-like structures, 
lymphocytes and macrophages and conglomerates of 
microglia [3].

Cortical lesions have, thus, been included in the 
recent 2017 revised Mcdonald’s diagnostic criteria 
for MS due to their specificity and pivotal role in the 
pathophysiology of MS [4]. Cortical lesions may remain 
undetected with conventional imaging sequences as T2 
and FLAIR, yet it is more discernible and clearly seen 
with the double inversion recovery (DIR) sequence [5]. 
DIR is a special pulse sequence that nulls the signal 
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from cerebrospinal fluid (CSF) and white matter of the 
brain making it easier to detect cortical lesions and use-
ful to detect MS at its earliest stages [6].

The expanded disability status scale (EDSS) is an 
important 20-step scale used nowadays to assess the 
degree of disability and severity ranging from 0 (nor-
mal) to 10 (death due to MS) [7]. Proper estimation of 
the gray matter lesion load is essential to assess both 
neuropsychological and physical deficits of MS patients 
[8], and it was suggested that the degree of disability 
progression in MS positively correlates with cortical 
lesions and is partially independent of subcortical white 
matter pathology [2].

A cortical lesion classification has been accepted 
with four different types. Type I lesions involve both 
the white and gray matter, whereas type II lesions are 
entirely incorporated within the cerebral cortex with 
no contact with the subcortical white matter or the pia 
mater, and are small and perivascular. Type III lesions 
are subpial areas of demyelination that usually do not 
extend beyond the cortex’s layers 3 and 4. Type IV 
lesions span the entire width of the cortex but don`t 
spread into the subcortical white matter [9].

Aim of the work
The aim of this study was to assess the accuracy of 3D 
DIR in delineating the different cortical subtypes and 
the impact of DIR in evaluating the degree of disability 
in MS affected patients.

Methods
Patients
This prospective study was conducted in our institu-
tion from August 2020 to September 2021, following 
approval by the institutional ethical committee, with 
written informed consent signed by all participants.

The current study included 82 patients with MS 
who were diagnosed using the 2017 revised McDon-
ald criteria [4] and underwent an MRI brain scan that 
included both FLAIR and 3D DIR sequences. Patients 
with MRI contraindications, such as non-MRI compat-
ible pacemakers, and those lacking either the FLAIR or 
DIR sequence were excluded from this study. The cur-
rent study included 59 cases of relapsing–remitting 
MS, 5 cases of secondary progressive MS, and 4 cases 
of primary progressive MS, but there were also eight 
clinically isolated syndrome cases and six radiologically 
isolated syndrome cases based on the type of MS at 
first diagnosis. The EDSS was used to assess patient dis-
ability, which ranged from 0 (no disability) to 10 points 
(patient death due to MS).

Technique of MRI examination
A 1.5T Philips Achieva MRI unit with a 16-channel sen-
sitivity-encoding head coil was used for the MRI exami-
nation. Axial T1WI, axial FLAIR, sagittal FLAIR, axial 
T2WI and diffusion-weighted imaging were among 
the standard sequences. Sagittal and axial 3D DIR were 
obtained in a separate sequence. All patients were 
examined in the supine position, head first. Acquisi-
tion parameters: T1WI: TE15 ms, TR: 450  ms, FOV 
230 × 177   mm2, matrix 208 × 134, slice thickness 6 mm. 
T2WI: TE 100  ms, TR 3612  ms, FOV 230 × 177  mm2, 
matrix 208 × 127, slice thickness 6  mm. FLAIR: TE 
120 ms, TR 6000 ms, TI 2000 ms, FOV 230 × 184  mm2, 
matrix 240 × 111, slice thickness 6  mm. The scan time 
of the conventional MRI was 8  min and 55  s. 3D sagit-
tal DIR: TE 301  ms, TR 5500  ms, TI1 2510  ms, matrix 
164 × 162 FOV 230 × 123   mm2, turbo factor 208, voxel 
size 1.34 × 1.36 × 0.76   mm3, scan time 3  min and 23  s. 
Axial DIR was created from 3D sagittal by MPR.

Analysis of data
Imaging analysis
The FLAIR and 3D DIR sequences were blindly and inde-
pendently interpreted by two radiologists with 9 and 10 
years of experience in neuroimaging, and a final diagno-
sis was reached by consensus in cases of disagreement.

The MS lesion was identified as hyper-intense focus 
with a size of ≥  3 mm. The MS lesions were counted 
and subsequently classified according to the following 
anatomical regions: Cortical lesions: which were further 
classified into 4 types according to Bø et  al. [9] classifi-
cation: cortical lesion type I; lesion extends through 
both white matter and gray matter (cortical-juxtacortical 
lesions), cortical lesion type II; lesion within the cerebral 
cortex and does not extend to the surface of the brain 
or the subcortical white matter, cortical lesion type III; 
subpial lesion, and cortical lesion type IV; lesion extends 
throughout the full width of the cerebral cortex but does 
not reach the subcortical white matter. Juxtacortical 
lesions (JX) which are in the white matter and touch the 
cortex, Juxtacortical expanded; involving both cortical 
and juxtacortical lesion, subcortical white matter; lesion 
in subcortical white matter and don`t touch the gray 
matter, periventricular lesions; lesion touching the lateral 
ventricles, deep white matter (DWM) lesions which are 
located in deep white matter, the deep gray matter (GM) 
lesions which are located in the deep nuclei and finally 
the infratentorial lesions.

Statistical analysis
Data were analyzed using Statistical Package for 
Social Science (IBM Corp. Released 2017. IBM SPSS 
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Statistics for Windows, Version 25.0. Armonk, NY: IBM 
Corp.). Parametric quantitative data were expressed as 
mean ± standard deviation (SD). The non-parametric 
quantitative results were reported using the median 
and range. Frequency and percentage were used to 
describe qualitative data. To compare the number of 
lesions detected by different MRI sequences, a Wilcoxon 
matched-pairs signed-rank test was used, and the Pear-
son Chi-Square test was used to compare the number of 
patients with MS plaques affection detected by the MRI 
sequence. Spearman correlation was used to examine the 
relationship between the number of MS plaques and the 
clinical data of the patients. Statistical significance was 
defined as a p value of less than 0.05.

Results
The current study involved 82 patients with MS, the most 
common type of MS was relapsing–remitting (59/82; 
72%) followed by secondary progressive (5/82; 6.1%), and 
primary progressive (4/82; 4.9%), the remaining (14/82; 
17.1%) was clinically isolated syndrome (8/82; 9.8%) and 
radiologically isolated syndrome and (6/82; 7.3%) which 
was proved with follow up to be MS. The mean patient 
age was 34.5 ± 8.2 years with 60 (73.2%) females and 22 
(26.8%) males, the median of the disease duration, num-
ber of attacks per year and EDDS was 4, 2 and 2, respec-
tively (Table 1).

Table  2 revealed that the number of MS plaques 
detected by 3D DIR sequence were significantly more 
than those detected with FLAIR sequence in cortical 
plaque-type 1, 2, 3 and 4 with 185%, 234%, 258% and 152% 
improvement in the number of the detected MS plaque 
(p < 0.001), respectively, also the 3D DIR was significantly 

superior than FLAIR for overall cortical types, juxtacorti-
cal, juxtacortical extended MS plaques with 204%, 119% 
and 169% plaque gain in the 3D DIR relative to FLAIR, 
respectively (p =  < 0.001, 0.010 and < 0.001, respectively). 
Moreover, the 3D DIR was significantly better than 
FLAIR for MS plaque number detection in the periven-
tricular white matter, subcortical white matter, infraten-
torial region and the overall MS plaques burden with a 
relative improvement of 115%, 112%, 131% and 122%, 
respectively (p < 0.001, 0.038, < 0.001, < 0.001, respec-
tively). On the other hand, no significant difference in the 
number of detected plaques between both sequences in 
the deep white matter (p = 0.344) and deep gray matter 
MS plaques (p = 0.104) (Figs. 1, 2, 3, 4, 5, 6).

Table 3 revealed a significant correlation between MS 
disease duration, number of attacks and EDSS and the 
overall cortical MS plaques types, as well as the juxta-
cortical expanded, periventricular white matter, and the 
overall MS plaque burden, on the other hand, no sig-
nificant correlation noted for deep white matter and 
infratentorial MS plaques.

Discussion
The development of cortical lesions in MS seems to cor-
relate with the clinical course and the degree of patients’ 
disability independent from white matter (WM) evolu-
tion [10]. More attention has been drawn to the function 
of the gray matter and its involvement in the early stages 
of MS [11].

Table 1 The demographic and clinical data of MS patients

1 Mean ± SD (Range)
2 Number (%)
3 Median (IQR)

Age (year)1 34.5 ± 8.2 (18–53)

Gender2

 Female 60 (73.2%)

 Male 22 (26.8%)

Duration (year)3 4 (3–7)

Number attacks per  year3 2 (1.75–4)

EDSS3 2 (1–3)

Type of MS at first  diagnosis2

 Relapsing–remitting 59 (71.95%)

 Secondary progressive 5 (6.1%)

 Primary progressive syndrome 4 (4.9%)

 Clinically isolated syndrome 8 (9.75%))

 Radiologically isolated 6 (7.3%)

Table 2 MS plaques load in the different anatomical regions by 
3D DIR and FLAIR sequences

* Significant

Anatomical 
region

3D DIR FLAIR % 
improvement

Z p value

Cortical type I 293 158 185 − 6.885 < 0.001*

Cortical type II 356 152 234 − 6.767 < 0.001*

Cortical type III 31 12 258 − 3.578 < 0.001*

Cortical type IV 73 48 152 − 3.917 < 0.001*

Overall cortical 
types

753 370 204 − 7.612 < 0.001*

Juxtacortical 306 257 119 − 2.570 0.010*

Juxtacortical 
Expanded

1059 627 169 − 7.562 < 0.001*

Periventricular 
WM

925 804 115 − 4.311 < 0.001*

Deep WM 1100 1072 103 − 0.947 0.344

Subcortical WM 348 311 112 − 2.074 0.038*

Infratentorial 282 215 131 − 5.446 < 0.001*

Deep gray matter 145 128 113 − 1.627 0.104

Overall MS 
burden

3859 3157 122 − 7.659 < 0.001*
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The current study was conducted over eighty-two peo-
ple with a mean age of 34.5 + 8.12  years; of which 60 
patients were females. According to the type of MS at 

first diagnosis, there were 59 cases of relapsing–remit-
ting MS, 5 cases of secondary progressive MS, 4 cases of 
primary progressive MS, 8 clinically isolated syndrome 

Fig. 1 A 28-year-old female patient with secondary progressive MS and EDSS score of 3. A Axial FLAIR and B axial DIR at the same level revealed 
multiple cortical and subcortical plaques, the axial DIR revealed cortical plaque-type 1 (red arrow) and type 2 (blue arrow) which was not identified 
in the FALIR sequence

Fig. 2 A 35-year-old female patient with relapsing–remitting MS and EDSS score of 2.5. A Axial FLAIR revealed right parietal cortical/juxtacortical 
plaques (blue arrow) and multiple periventricular, deep white matter and cortical plaques. B Axial DIR at the same level clearly define the 
right parietal plaque as juxtacortical plaques, it also revealed type 3 cortical plaques (red arrow) which were seen only in the DIR, and multiple 
periventricular, deep white matter and cortical plaques are also noted
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cases and 6 radiologically isolated syndrome cases. A 
study by Hamed et  al. [8] included 90 patients with a 
mean age of 33.24 + −  8.93, of which the majority were 
relapsing–remitting multiple sclerosis cases (91.1%).

DIR suppresses the signal of both CSF and white mat-
ter allowing much better contrast between both gray and 

white matter with consequent superior delineation of the 
gray matter and its cortical subtypes. FLAIR sequence, 
on the other hand, cannot exactly or clearly show the 
border between the cortex and subcortical white matter. 
Type I lesions extend through both the white matter and 
the gray matter, type II lesions are entirely located within 

Fig. 3 A 29-year-old female patient with relapsing–remitting MS and EDSS score of 2. A Axial DIR clearly define the left frontal type 2 (blue arrow) 
and type 3 (orange arrow) cortical plaques. B Axial FLAIR at the same level didn’t reveal the lesions identified on the DIR

Fig. 4 A 31-year-old female patient with relapsing–remitting MS and EDSS score of 3. A Axial DIR revealed right frontal type 1 (orang arrow), type 
2 (green arrow) and type 3 plaque (blue arrow) cortical plaques. B Axial FLAIR at the same level defines the type 1 and 2 cortical plaques but didn’t 
reveal the type 3 cortical plaque
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the cerebral cortex, do not make contact with the subcor-
tical white matter or the pia mater and are small. Type 
III lesions are subpial in location, usually not extend-
ing beyond layers 3 and 4 of the cortex. finally, type IV 
lesions extend over the entire width of the cortex and do 
not extend into the subcortical white matter and might 
cover several gyri or entire lobes [12].

In this study, the number of cortical plaques types 
1, 2, 3 and 4 detected by 3D DIR sequence was sig-
nificantly more than the FLAIR sequence with 185%, 
234%, 258% and 152% percent improvement (p < 0.001). 
The current study results were similar to that of 

Guerts et  al. [13] who showed that the DIR sequence 
resulted in a 152% increase in the cortical lesion detec-
tion rate. Elnekeidy et al. [14] and Vural et al. [15] also 
reported the highest accuracy of the DIR in the detec-
tion of intracortical lesions. A study by Ertan et  al. 
[16] acknowledged that the 3D DIR sequence detected 
intracortical lesions five times more than that of the 3D 
FLAIR sequence. In a study by Calabese et al. [17], sev-
eral patients presented only with ‘Cortical onset’ of MS. 
Pirko et  al. [18] also reported that many MRI studies 
have shown that gray matter pathology is already pre-
sent at the clinical onset of the disease, independent of 
white matter pathology which is subtle or very limited.

Fig. 5 A 38-year-old female patient with relapsing–remitting MS and EDSS score of 2. A, B Axial and sagittal FLAIR revealed right cortical worm-like 
type 4 (blue arrow) and two subcortical plaques. C, D Axial and sagittal DIR at the same level clearly defines the right cortical type 4 plaque and the 
subcortical plaques (blue arrow)
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3D DIR in this study was superior in the detection 
of all overall cortical types as well as juxtacortical, jux-
tacortical extended MS plaques with 204%, 119% and 
169% plaque gain in comparison to FLAIR (p =  < 0.001, 
0.010 and < 0.001, respectively). In a study by Ertan 
et al. [16], DIR detected 1.76 times more JX lesions than 
FLAIR which was not significant statistically, Guerts 
et  al. [13] also showed more JX lesions on DIR. On 
the other side, Moraal et  al. [19] and Vural et  al. [15] 

reported a higher number of juxtacortical lesions with 
FLAIR than DIR sequence, yet both studies showed no 
significant difference.

3D DIR was significantly better than FLAIR for MS 
plaque number detection in the periventricular white 
matter, subcortical white matter, infratentorial region 
and the overall MS plaques burden with a relative 
improvement of 115%, 112%, 131% and 122%, respec-
tively (p < 0.001, 0.038, < 0.001, < 0.001, respectively). 
Different studies as with this study showed that the DIR 

Fig. 6 A 21-year-old female patient with relapsing–remitting MS and EDSS score of 1.5. No evidence of MS plaque in the axial FLAIR (A) and T2 WI 
(B). C Axial DIR at the same level clearly defines the pontine plaque (red arrow)
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was superior in detecting plaques in all these anatomi-
cal regions [11, 13–15].

The current study revealed no significant difference 
between 3D DIR and FLAIR for plaques number detec-
tion in deep white matter (p = 0.344) and deep gray mat-
ter (p = 0.104). However, Elnekeidy et  al. [14] showed 
more DWM lesions on the DIR. On the other hand, 
few other studies found that the FLAIR rather than DIR 
detected a higher number of lesions in DWM [13, 15, 
20]. The contrary outcomes throughout various studies 
revealed that the DIR and FLAIR have remarkably simi-
lar detection rates for the DWM plaques, which could be 
due to the plaques’ location away from the cortical and 
periventricular regions.

According to a study by Haider et  al. [21], the cause 
and clinical significance of deep gray matter injury in MS 
remains unknown but their study highlighted the impor-
tance of only the caudate nucleus and hypothalamus of 
which their pathogenic processes included demyelina-
tion, neurodegeneration and accumulation of oxida-
tive injury. This study revealed no significant difference 
between 3D DIR and FLAIR for plaques number detec-
tion in the deep gray matter (p = 0.104). Ertan et al. [16] 
and Geurts et  al. [13] showed that more lesions were 
detected by the DIR sequence compared to the FLAIR 
sequence in the deep GM regions. Ertan et al., however, 
showed no difference between DIR and FLAIR in the 
number of lesions in the thalamus.

Hamed et al. [8], Vural et  al. [15] and Calabrese et al. 
[22] observed a positive association of cortical lesion load 
with the clinical outcome and EDSS of the patient. This 

study as well showed a significant correlation between 
MS disease duration, number of attacks and EDSS in 
relation to the overall cortical MS plaque types, juxta-
cortical expanded lesions, periventricular white matter 
lesions and the overall MS plaque burden. On the other 
hand, no significant correlation was seen for the deep 
white matter and infratentorial MS plaques. Elkholy et al. 
[23] showed a positive correlation yet not statistically sig-
nificant between EDSS and the number of periventricu-
lar lesions, deep white matter lesions and infratentorial 
lesions in both FLAIR and DIR.

We recommended that using artificial DIR, which can 
create high contrast images from standard input, can 
detect cortical lesions with high reliability, significantly 
improving lesion detection in MS patients [5, 24].

Limitations
The first limitation was the relatively small number 
of patients. Secondly, cortical lesion volume was not 
included in this study which would have increased our 
knowledge of MS pathobiology and disease evolution.

Conclusions
With little extra time added to the MS MRI brain routine 
protocol, 3D DIR is a powerful readily available sequence 
that should be more widely implemented for the diagno-
sis and assessment of the cortical plaques subtypes and as 
an indicator for MS degree of disability.

Table 3 Correlation between duration of disease, EDSS and the number of attacks per year and the number of MS plaques in different 
anatomical regions

+ Spearman correlation
* Significant

MS plaque location Duration EDSS Attacks per year

ρ+ p value ρ+ p value ρ+ p value

Cortical type I 0.260 0.018* 0.356 0.001* 0.154 0.167

Cortical type II 0.244 0.027* 0.197 0.076 0.291 0.008*

Cortical type III 0.354 0.001* 0.260 0.018* 0.269 0.014*

Cortical type IV − 0.007 0.952 0.016 0.889 − 0.033 0.769

Overall cortical types 0.342 0.002* 0.368 0.001* 0.296 0.007*

Juxtacortical 0.258 0.019* 0.134 0.229 0.280 0.011*

Juxtacortical expanded 0.379 < 0.001* 0.343 0.002* 0.348 0.001*

Deep gray matter − 0.022 0.841 − 0.114 0.308 − 0.047 0.675

Subcortical WM 0.240 0.030* 0.088 0.430 0.307 0.005*

Deep WM 0.594 < 0.001* 0.183 0.099 0.478 < 0.001*

Periventricular WM 0.366 0.001* 0.281 0.010* 0.252 0.022*

Infratentorial 0.123 0.272 0.083 0.46 0.061 0.585

Overall MS burden 0.640 < 0.001* 0.359 0.001* 0.525 < 0.001*
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