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Comparison between the diagnostic utility 
of three‑dimensional fluid attenuated inversion 
recovery (3D FLAIR) and three dimensional 
double inversion recovery (3D DIR) magnetic 
resonance sequences in the assessment 
of overall load of multiple sclerosis lesions 
in the brain
Nehal S. Saad1, Azza A. Gad1, Mahmoud M. Elzoghby1 and Heba R. Ibrahim1* 

Abstract 

Background  Multiple sclerosis (MS) is a complex CNS demyelinating disease. Assessment of MS plaques in specific 
anatomic locations in the brain was challenging to detect by conventional MRI sequences. So, this study aimed 
to compare the diagnostic accuracy of 3D FLAIR (Fluid attenuation inversion recovery), or 3D DIR (Double inversion 
recovery) sequences to conventional 2D FLAIR and T2 sequences in detecting MS plaques in different anatomic sites, 
as well as counting the total lesion burden.

Methods  A comparative cross-sectional study enrolled 30 MS patients on the basis of McDonald’s criteria 2017. All 
participants underwent a brain MRI study including 3D FLAIR or 3D DIR sequences, conventional 2D FLAIR, and T2 
sequences.

Results  No statistically significant difference between the 3D DIR and 3D FLAIR in total lesion (plaque) burden results; 
however, when each is compared to the conventional ones, both are superior. 3D FLAIR detected the most signifi-
cant number of plaques in the periventricular region, followed by 2D FLAIR and T2W sequences, with 3D DIR being 
the least accurate in this region. Meanwhile, 3D DIR was the most precise and can detect a statistically significant 
number of cortical plaques compared to the 3D FLAIR and the conventional sequences. No statistically significant 
results on which sequence is best in regard to infratentorial plaque detection.

Conclusion  3D FLAIR and 3D DIR were superior to 2D FLAIR and T2 sequences in detecting overall lesion burden 
in MS. Moreover, the 3D DIR sequence was the most precise in the detection of the cortical plaques.

Keywords  Brain MRI, 3D DIR, 3D FLAIR, Multiple sclerosis

Background
Multiple sclerosis (MS) is a complex demyelinating CNS 
disease of autoimmune nature that causes demyelination 
of neural axons and subsequent variable grades of axonal 
loss. It is considered one of the most common causes 
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of non-traumatic disability and decreased quality of life 
among young and middle-aged adults. MS is a relatively 
common disease affecting approximately 2.8 million 
people worldwide with women being more commonly 
affected with a female-to-male ratio of 2:1 [1–3].

Although MS has been classically described as a white 
matter disease, recently significant gray matter involve-
ment has been proven to be part of the disease as well. 
Accordingly, cortical lesions were added to the most 
updated version of McDonald’s Criteria 2017 [4]. White 
matter affection is usually seen as juxtacortical, perive-
ntricular, and infratentorial demyelinating lesions, while 
gray matter affection is seen in the brain cortex [5–7].

Diagnosis and follow-up of MS by brain magnetic reso-
nance imaging has been included in McDonald’s criteria 
since 2001 [8]. MS has a predilection for certain CNS 
sites with the ultimate method for white and gray matter 
lesions detection by MRI has been a subject of investiga-
tion. Due to technical insufficiencies conventional MRI 
sequences such as; T2 weighted, two-dimensional fluid-
attenuated inversion recovery (2D FLAIR), T1 weighted 
pre and post-gadolinium can sometimes be inadequate, 
especially detection of MS lesions in certain locations 
such as; cortical, juxta cortical and infratentorial [3, 
9–12].

Thus, technical advances have been made to conven-
tional brain MRI sequences aiming to increase their 
sensitivity in MS lesion detection in certain anatomic 
locations. 3D Double Inversion Recovery (DIR) and 3D 
FLAIR were newly introduced MRI sequences. The diag-
nostic accuracy of these pulse sequences depends on the 
anatomic location of the lesion. No single pulse sequence 
was able to provide high sensitivity in detecting all MS 
lesions [13–16].

3D-FLAIR provides a more homogenous cerebrospi-
nal fluid (CSF) suppression, better image resolution, is 
less affected by artifacts, and allows multi-planar refor-
matting compared to 2D FLAIR [17]. 3D DIR is a special 
pulse sequence that uses two inversion pulses suppress-
ing the signal from both CSF and white matter of the 
brain, which increases the contrast of cortical lesions and 
is useful to detect MS at the earliest stages [18].

So, our study aim was to compare the diagnostic accu-
racy of 3D FLAIR (Fluid attenuation inversion recovery), 
or 3D DIR (Double inversion recovery) sequences to con-
ventional 2D FLAIR and T2 sequences in detecting MS 
lesions in different anatomic sites, as well as counting the 
total lesion burden.

Methods
An ethically approved comparative analytical study by 
the local institutional ethics committee, signed consent 
was obtained from all participant patients in this study.

Study population
Thirty patients were enrolled in this comparative ana-
lytical study. These patients were diagnosed with multiple 
sclerosis on the basis of Mac Criteria (22 females and 8 
males, with a mean age of 37.40 ± 14.85 years). This study 
was done during the period from September 2022 to 
August 2023.

Inclusion criteria included: a) Patients older than 
18 years old, who were clinically diagnosed with MS on 
the basis of McDonald’s criteria 2017 [4].

The exclusion criteria included a) Patients with any vas-
cular, neoplastic, metabolic, or any other immunological 
CNS diseases, and b) Patients with MRI contraindica-
tions such as non-MRI compatible pacemakers, or MRI 
claustrophobia.

Clinical evaluation and brain magnetic resonance 
imaging were performed for all studied patients as the 
following.

Demographic data and history taking
The study included the patient’s age, gender, and the clin-
ical type of MS (relapsing–remitting- primary progres-
sive, secondary progressive, or clinically isolated).

Brain magnetic resonance imaging
A) Patient preparation and position: The patients were 
instructed to remove all metallic objects. Explanation 
of the procedure to the patient for reassurance. Patients 
were informed about the value of being motionless dur-
ing the scan time.

b) Brain magnetic resonance scan: A 1.5 Tesla MR scan-
ner (Philips Medical Systems, Achieva 1.5  T A-series) 
was used to perform brain MRI for our studied patients. 
Interpretations of images were done by two different 
independent radiologists with > 10 years, and another one 
with 3  years of experience in neuroradiology, who were 
not aware of the patient’s information.

Conventional brain magnetic resonance imaging
Conventional MRI sequences included axial and sagittal 
T2WI images with the following scan parameters (Rep-
etition time (TR) of 4000 ms, echo time (TE) of 98 ms, a 
field of view (FOV) of 230 mm, matrix of 256 × 256, and 
a cut of 5 mm thickness, with a scan time of one minute 
and 28  s). Axial, and sagittal Fluid attenuated inversion 
recovery (FLAIR) was also performed with the following 
scan parameters (TR of 6000 ms, TE of 120 ms, FOV of 
230 mm, a matrix of 256 × 256, and a cut of 5 mm thick-
ness), the scan time of 4 min and 30 s for axial and sagit-
tal planes.
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Additional sequences
Additional sequences were added in terms of three-
Dimensional Fluid attenuated inversion recovery (3D 
FLAIR), and three-Dimensional Double inversion recov-
ery (3D DIR) Image acquisitions, as the following:

The 3D FLAIR sequence image acquisition in axial 
planes, with reformatted sagittal and coronal. The scan 
parameters included (TR of 4800  ms, TE of 351  ms, a 
FOV of 256 × 256, a matrix of 192 × 192  mm, and a cut 
of 1.5 mm thickness). The scan time was 5 min and 22 s.

The 3D DIR sequence image acquisition in sagittal 
planes, with reformatted axial and coronal. The scan 
parameters included (TR of 5500  ms, TE of 301  ms, a 
FOV of 256 × 256, a matrix of 192 × 192 mm, and a cut of 
1.5 mm thickness). The scan time: 6 min and 70 s.

Image analysis
MS lesion was identified as a hyper-intense focus with 
a size of > 3  mm on a T2WI weighted sequence. Com-
parison between T2WI, 2D FLAIR, 3D FLAIR, and 3D 
DIR was done by counting the detected lesions in each 
sequence in different anatomical locations and then cal-
culating the total lesion burden. The anatomical locations 
were as the following: (a) Cortical/juxta cortical lesions: 
Cortical lesions lie entirely within the cortex, while juxta 
cortical ones abut the cortex without intervening with 
normal white matter, (b) Periventricular lesions: Lesions 
that lay in direct contact with the lateral ventricle without 
intervening white matter, (c) Infratentorial lesions which 
were defined as T2 hyperintense lesion in the brainstem, 
cerebellar peduncles or cerebellum.

Statistical analysis
The data was entered into the computer and analyzed 
with the IBM SPSS software program version 20.0. IBM 
Corporation, Armonk, New York Numbers and percent-
ages were used to describe qualitative data. The Shap-
iro–Wilk test was done to ensure that the distribution 
was normal. Range (minimum and maximum), mean, 
standard deviation, median, and interquartile range 
(IQR) were used to characterize quantitative data. The 
significance of the acquired results was determined at a 
5% level. The Friedman test was used to compare more 
than two periods or stages of quantitative data that had 
an abnormal distribution. For pairwise comparisons, the 
Post Hoc Test (Dunn’s) is utilized.

Results
Demographic and clinical data
Thirty patients were examined (22 females and 8 males), 
and most of them were in the age group of 20–40 years. 
The majority of the participants were female patients 

(73%), while only a quarter of the participants were 
males. Most participants were young adults, where 40% 
of them were between 20 and 30 years of age, 30% were 
between 31 and 40 years of age, and only 13% of the par-
ticipants were > 50 years of age, as shown in (Table 1).

Three clinical forms of MS were represented in our 
study which included relapsing–remitting MS, second-
ary progressive MS, and clinically isolated syndrome. 
Most patients had relapsing–remitting MS, the second 
most common clinical type in our study was secondary 
progressive MS, and 3% of patients had clinically isolated 
syndrome. There were no patients who had the primary 
progressive type of MS.

Imaging data
The number of MS plaques in each location and the total 
number of MS plaques (lesions) were calculated sepa-
rately in each sequence in all studied patients. The study 
evoked that each sequence displayed different numbers 
of detected MS plaques per location. These locations 
included the cortical/juxta-cortical, periventricular, and 
infratentorial regions (Figs. 1, 2, 3, 4, 5, 6 and 7), as the 
following:

Cortical/juxta‑cortical plaques
Cortical/juxta cortical plaques were counted in each 
sequence in all patients. A statistically significant differ-
ence between the detected number of cortical plaques 
in 3D DIR, and the other sequences (T2, 3D FLAIR, and 
2D FLAIR) was observed. However, there was no statisti-
cally significant difference between the number of corti-
cal plaques detected by 3D FLAIR to those detected by 
2D FLAIR.

Regarding the plaques in the cortical/juxta-cortical 
region, 3D DIR showed the highest number of detected 

Table 1  Distribution of the studied cases according to 
demographic data (n = 30)

IQR: Inter quartile range, SD: Standard deviation

Demographic data No %

Sex

Male 8 26.7

Female 22 73.3

Age (years)

20–30 12 40.0

31–40 9 30.0

41–50 5 16.7

 > 50 4 13.3

Min. – Max 19.0–76.0

Mean ± SD 37.40 ± 14.85

Median (IQR) 33.0 (29.0–45.0)
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plaques (lesions) with the highest mean value of 
(32.33 ± 25.84), meanwhile, the T2W sequence showed 
the lowest mean value. Comparisons between the differ-
ent sequences were shown in (Table 2), and (Fig. 8a).

Periventricular plaques
Periventricular plaques were counted in each studied 
sequence and comparisons were made as displayed in 
(Table 3), and (Fig. 8b).

A statistically significant difference was recorded 
between the periventricular plaque (lesion) count 
detected by 3D FLAIR to those detected by any of the 

other three sequences as seen by P values (P1, P2, P3, 
P4, and P5). Regarding the periventricular region, the 3D 
FLAIR sequence showed the highest number of detected 
plaques with a mean of (24.20 ± 23.05).

Infratentorial plaques
Infratentorial plaques were counted in each sequence 
in all studied patients. The P value for comparing the 
infratentorial plaque (lesion) count in each sequence 3D 
DIR, 3D FLAIR, 2D FLAIR, and T2 showed no statisti-
cally significant difference between them regarding their 
ability to detect plaques in the infratentorial region.

Fig. 1  Brain MRI images of a 35-years old female with relapsing–remitting multiple sclerosis (RRMS) for 5 years; (a): axial T2W, (b): axial 2D 
FLAIR, (c): axial 3D FLAIR, (d): axial 3D DIR. The blue arrows refer to a juxta cortical lesion seen in all the sequences, with poor characterization 
in the conventional sequences (a, b) and perfect characterization in (d) at the 3D DIR sequence. The red arrows demonstrate 3 mm cortical lesions 
which are present only in the 3D DIR sequence
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The four sequences had similar mean values with no 
statistically significant difference in their ability to detect 
infratentorial plaques, as shown in (Table 4), and (Fig. 8c).

Total plaque (lesion) burden
The total plaque (lesion) count in each sequence was 
calculated and compared with the other sequences as 
seen in (Table 5), and (Fig. 8d). There was no statistically 
significant difference between 3D DIR, and 3D FLAIR 
sequences regarding the total plaque (lesion) burden 
count. However, there was a statistically significant dif-
ference between the total plaque (lesion) count detected 
by the 3D FLAIR to that detected by T2, and 2D FLAIR 
sequences. Regarding the 3D DIR sequence, there was 
also a statistically significant difference between its total 

plaque (lesion) count to that of T2, as well as, 2D FLAIR 
sequences.

Regarding the total plaque (lesion) load, there was 
no statistically significant difference between the new 
sequences, the 3D DIR and 3D FLAIR; however, if we 
compared any of them to the conventional sequences, 
they showed a statistically significant difference.

Discussion
Many studies have linked the abundance of both cortical 
and infratentorial lesions to MS progression and patient 
disability. Conventional MRI sequences often encounter 
difficulty depicting lesions in these specific brain sites. 
Due to their importance, cortical lesions, in particular, 
were added to McDonald’s criteria in 2017 [4].

Fig. 2  Brain MRI images of a 46-years old female with relapsing–remitting multiple sclerosis (RRMS) for 10 years; (a): axial T2W, (b): axial 2D FLAIR, (c): 
axial 3D FLAIR, (d): axial 3D DIR. The red arrow represents a periventricular lesion that is only visible in the 3D FLAIR sequence
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Additionally, Patients with higher plaque/lesion load 
were found to progress to secondary progressive MS 
faster and had a poorer prognosis; therefore, assessing 
lesion load is essential in monitoring MS [12].

Thus, technical advances have been made to conven-
tional MRI sequences to increase their sensitivity in 
detecting lesions in these particular sites and assessing 
the total lesion burden. Subsequently, new sequences 
like Double Inversion Recovery (DIR) and Three-
dimensional (3D) FLAIR were introduced [1, 12].

In this study, we aimed to assess the ability of new 
MRI sequences, such as 3D DIR and 3D FLAIR, to 
detect plaques/lesions in these challenging locations, 

assess the overall brain lesion load, and compare the 
findings to those of the conventional sequences.

We studied thirty patients, twenty-two of them were 
females corresponding to a ratio of (73.3%) and eight 
were males, with a ratio of (26.5%). These percentages 
were consistent with the description of MS as a female-
predominant disease whose percentage among males is 
nearly 25%, as stated by many studies, including Coyle 
et al. [19], and Walton et al. [1].

The participants’ ages ranged from 19 to 76  years, 
with a mean of 37.40 ± 14.85. Most participants (74%) 
were between 19 and 45 years old, consistent with most 

Fig. 3  Brain MRI images of a 32-years old male with a history of relapsing–remitting multiple sclerosis (RRMS) for 5 years; (a): axial T2W, (b): 
axial 2D FLAIR, (c): axial 3D FLAIR, (d): axial 3D DIR. The red arrow demonstrates an infratentorial lesion that is present in all sequences with poor 
characterization at 3D DIR however is still present. The blue arrow shows a cortical lesion seen in the 3D DIR sequence only (d) and is not seen in all 
other sequences
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epidemiological studies stating that MS is a disease of 
young and middle-aged adults [1].

Regarding MS clinical types, out of the thirty patients, 
twenty-two had the relapsing–remitting form (RRMS), 
which equals a ratio of (73.3%). This was similar to the 
results of Abdelrahman et al. [14], who examined eighty-
two patients, fifty-nine of which had RRMS with a per-
centage of 72%. Both percentages were close to the one 
reported by a systematic review done by McKay et  al. 
[20], who showed that RRMS is the most common clini-
cal type found in 85% of MS patients.

For the other clinical types in our study, 23.3% of 
the participants had the secondary progressive form, 
which was higher than the percentage found in other 

similar studies examining MS lesions by DIR sequence 
like Abdelrahman et  al. [14] in which 6% only of their 
participants had secondary progressive MS (SPMS).

To assess each MRI sequence in its ability to detect the 
burden of MS plaques (lesions) at the different anatomic 
locations, we counted the number of MS plaques in each 
location and the total number of MS plaques separately 
in each sequence in all patients and the results differed 
per each location.

Our study results of 3D DIR being significantly superior 
in the cortical region matched with many studies, includ-
ing Abdelrahman et  al. [14], Higazi et  al. [15], and Elk-
holy et al. [21]. For example, Higazi et al. [15] concluded 
that DIR was 1.5 to 5 more sensitive than conventional 

Fig. 4  Brain MRI images of a 31-years old female with relapsing–remitting multiple sclerosis (RRMS) for 5 years; (a): axial T2W, (b): axial 2D FLAIR, 
(c): axial 3D FLAIR, (d): axial 3D DIR. The blue arrows show the cortical lesions only seen in 3D sequences and not seen in other sequences. It 
is also noted even the cortical lesion seen in all the other sequences shows better characterization in 3DIR (d), the 3D FLAIR (c) comes second 
while the conventional sequences (a, b) show fewer lesions with poor characterization
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MRI in detecting gray matter lesions. Similarly, Elkholy 
et  al. [21], and Abdelrahman et  al. [14] compared 3D 
DIR to FLAIR and found DIR more accurate in detecting 
intracortical lesions with a p-value of < 0.001.

The high ability of DIR to detect cortical lesions is 
likely due to the suppressed signal of both CSF and white 
matter, allowing much better contrast between gray and 
white matter with consequent superior delineation of 
the gray matter and its cortical subtypes. In contrast, 
the FLAIR sequence cannot precisely show the border 
between the cortex and subcortical white matter [15].

Additionally, our study showed no statistically signifi-
cant difference when comparing 3D and 2D FLAIR in 
their ability to detect cortical lesions with a P-value of 

0.147. This finding disagrees with the findings of Zamzam 
et al. [22], and Tawfik et al. [23], who both found that the 
3D-FLAIR sequence significantly detected more corti-
cal and overall lesions compared to the standard used 
2D-FLAIR and T2 sequences with significant P values.

At the periventricular region, 3D FLAIR showed 
the highest number of lesions with a mean value of 
24.20 ± 23.05 compared to the other three sequences. For 
instance, when we compared 3D FLAIR with 2D FLAIR, 
the mean value of 2D FLAIR was lower, 18.37 ± 17.75, 
and there was a statistically significant difference 
between the two, which was consistent with the findings 
of Zamzam et  al. [22]. The 3D DIR sequence, however; 
scored the least mean value of 8.47 ± 10.26. these results 

Fig. 5  Brain MRI images of a 31-years old female with secondary progressive multiple sclerosis (SPMS) for 6 years; (a): axial T2W, (b): axial 2D FLAIR, 
(c): axial 3D DIR, (d): axial 3D FLAIR. The blue arrows: 3D FLAIR (d) shows the highest number of periventricular lesions while 3D DIR (c) shows 
the least number of lesions with poorer characterization. The red arrow: shows a cortical lesion that is clearly visible in the 3D DIR sequence (c), 
poorly characterized in the 3D FLAIR (d) sequence, and is not seen in the conventional sequences
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were consistent with Elhussein et al. [24], who found that 
FLAIR detected more periventricular lesions than DIR 
with a total of 583 lesions depicted by FLAIR compared 
to 423 only with DIR.

Our results of the FLAIR sequence being more supe-
rior in the periventricular region disagreed with Elkohly 
et al. [21] who stated that there was no statistical differ-
ence between DIR and FLAIR in detecting periventricu-
lar plaques.

In our study, FLAIR sequences, either 2D or 3D, 
showed more periventricular and overall plaque (lesion) 
count than the T2W sequence, consistent with the find-
ings of Almutairi et  al. [25] who compared the lesion 

load among DIR, FLAIR, and T2W sequences and 
their results showed that FLAIR sequences depict more 
plaques (lesions) than T2W sequence.

In regards the Infra tentorial plaques, there was no sta-
tistically significant difference between 3D FLAIR and 3D 
DIR which is unlike Elkholy et  al. [21], and Abidi et  al. 
[16] showed different results stating that DIR detected 
more plaques (lesions) in the infratentorial region than 
FLAIR and T2W.

Lastly, regarding the total lesion burden, which is 
the summation of the plaques (lesions) in all of the 
previously mentioned locations (cortical, periven-
tricular, and infratentorial), there was no statistically 

Fig. 6  Brain MRI images of a 40-years old female with relapsing–remitting multiple sclerosis (RRMS) for 8 years; (a): axial T2W, (b): axial 2D FLAIR, 
(c): axial 3D FLAIR, (d): axial 3D DIR. The blue arrows: demonstrate a juxta cortical lesion which is visible in all sequences but is more pronounced 
in the 3D FLAIR and 3D DIR sequences. The red arrows: demonstrate small 3 mm cortical lesions which are present on the 3D DIR sequence only. 
The brown arrow: shows a periventricular lesion that is clearly visible on the 3D FLAIR sequence only
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Fig. 7  Brain MRI images of a 33-years old female with relapsing–remitting multiple sclerosis (RRMS) for 3 years; (a): axial T2W, (b): axial 2D FLAIR, (c): 
axial 3D FLAIR, (d): axial 3D DIR. The blue arrows point to four cerebellar lesions that are present in all sequences however they are more obvious 
in the conventional sequences (a, b). the red arrows point to a lesion present in 2D FLAIR, T2W, and 3D DIR, however is not seen clearly in the 3D 
FLAIR sequence

Table 2  Comparison between the different MRI sequences in their ability to detect cortical plaques (n = 30)

IQR: Inter quartile range, SD: Standard deviation

Fr: Friedman test, Sig. bet. Periods were done using the Post Hoc Test (Dunn’s)

p: p-value for comparing the different studied parameters, p1: p-value for comparing T2 and 3D FLAIR, p2: p-value for comparing T2 and 3D DIR, p3: p-value for 
comparing 2D FLAIR and 3D FLAIR, p4: p-value for comparing 2D FLAIR and 3D DIR, p5: p-value for comparing 3D FLAIR and 3D DIR

*Statistically significant at p ≤ 0.05

Cortical/Juxta cortical 
plaques

T2 2D FLAIR 3D FLAIR 3D DIR Fr p

Min. – Max 0.0–65.0 0.0–60.0 0.0–56.0 4.0–130.0 71.263*  < 0.001*

Mean ± SD 7.40 ± 12.0 11.20 ± 13.98 14.30 ± 14.44 32.33 ± 25.84

Median 4.0 7.0 10.50 25.50

IQR 1.0–10.0 3.0–12.0 3.0–16.0 15.0–45.0

Sig. bet. Periods p1 = 0.016*, p2 < 0.001*, p3 = 0.147, p4 < 0.001*, p5 < 0.001*
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Fig. 8  Comparison between T2WI, 2D FLAIR, 3D FLAIR, and 3D DIR sequences in their ability to detect multiple sclerosis brain lesions in various 
anatomical locations; a) cortical/juxta cortical lesions. b) periventricular lesions. c) infratentorial lesions. d) total lesion burden

Table 3  Comparison between the number of periventricular plaques detected by each sequence (n = 30)

IQR: Inter quartile range, SD: Standard deviation

Fr: Friedman test, Sig. bet. Periods were done using the Post Hoc Test (Dunn’s)

p: p-value for comparing the different studied parameters, p1: p-value for comparing T2 and 3D FLAIR, p2: p-value for comparing T2 and 3D DIR, p3: p-value for 
comparing 2D FLAIR and 3D FLAIR, p4: p-value for comparing 2D FLAIR and 3D DIR, p5: p-value for comparing 3D FLAIR and 3D DIR

*Statistically significant at p ≤ 0.05

Periventricular plaques T2 2D FLAIR 3D FLAIR 3D DIR Fr p

Min. – Max 0.0–50.0 1.0–54.0 1.0–70.0 0.0–40.0 72.131*  < 0.001*

Mean ± SD 13.60 ± 14.88 18.37 ± 17.75 24.20 ± 23.05 8.47 ± 10.26

Median 6.0 13.50 17.50 4.50

IQR 1.0–22.0 3.0–32.0 3.0–40.0 1.0–10.0

Sig. bet. periods p1 = 0.002*, p2 < 0.001*, p3 = 0.021*, p4 < 0.001*, p5 < 0.001*
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significant difference between the 3D FLAIR and 3D 
DIR sequences, however; the site in which each is best 
differs. Namely, most of the plaques detected by the 3D 
DIR were in the cortical region. Meanwhile, 3D FLAIR, 
which was not as highly accurate in the cortical area, 
showed superior results to all sequences regarding 
plaque detection in the periventricular region.

Although there was no statistically significant differ-
ence between the 3D FLAIR and 3D DIR sequences in 
total lesion burden, a significant difference was found 
when comparing any of these two with the conven-
tional ones. For example, a P value of < 0.001 was found 
between the total number of plaques detected by 3D 
DIR to that of 2D FLAIR. Likewise, 3D FLAIR was 
found superior in detecting the total plaque (lesion) 
burden compared to the conventional MRI sequences 
with a mean value of 42.50 ± 34.78 and a statistically 
significant P value of 0. 011.

Tawfik et  al. [23] found that there were significantly 
more plaques detected by the 3D-FLAIR, mainly in the 
supratentorial region (periventricular, deep WM, and 
juxta-cortical) than in T2 and 2D FLAIR sequences.

This study displays a few limitations in the form of a 
relatively small number of the studied sample, not all 
clinical types of multiple sclerosis were represented, 
and there were no patients with the primary progressive 

type of multiple sclerosis and a small number of 
patients with clinically isolated syndrome. So, more 
large-sized studies are needed to obtain more precise 
results, and standardization of results to help increase 
the external validity and generalization of results.

Conclusions
In conclusion, 3D FLAIR and 3D DIR were superior to 
2D FLAIR and T2 sequences in detecting overall plaque 
(lesion) burden in MS. Moreover, the 3D DIR sequence 
was the most precise in the detection of the cortical 
plaques. So, adding these sequences can help with precise 
diagnosis and early management.
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