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Abstract 

Background: Magnetic resonance imaging is regarded as one of the most important markers for multiple scle-
rosis. It can detect lesions in order to establish dissemination in time and space, which would aid in the diagnosis. 
Two-dimensional FLAIR is a standard sequence in MS routine imaging because it suppresses cerebrospinal fluid 
signal, increasing contrast between lesions and CSF and improving white matter lesion detection. Newer 3D FLAIR 
sequences are expected to offer even more benefits, such as improved MS lesions detection and higher resolution 
due to thinner slice thickness. We aimed to compare the role of 3D Cube FLAIR imaging (versus standard 2D FLAIR) in 
the assessment of white matter lesions in MS patients, as well as to test the convenience of using maximum intensity 
projection (MIP) on 3D FLAIR images for faster and easier evaluation.

Results: This study included 160 MS patients. A 1.5 T routine brain MRI scan was performed, which included a 2D 
FLAIR sequence, followed by a 3D-FLAIR sequence. All images were analyzed after 3D-FLAIR images were reformat-
ted into axial MIP images. Lesions were counted in each sequence and classified into supra-tentorial (periventricular, 
deep white matter, and juxta-cortical), and infra-tentorial lesions, with the relative comparison of lesions numbers on 
3D-FLAIR and MIP versus 2D-FLAIR expressed as a percentage increase or decrease. 3D FLAIR can significantly improve 
MS lesion detection in all areas of the brain when compared with 2D FLAIR results. At 2 mm reformatting, there is no 
difference in MS lesion detection between sagittal 3D FLAIR and axial MIP reconstruction, implying that the MIP algo-
rithm can be used to simplify lesion detection by reducing the number of images while maintaining the same level of 
reliability.

Conclusion: 3D FLAIR sequences should be added to conventional 2D FLAIR sequences in the MRI protocol when 
MS is suspected.
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Background
MS is a common cause of neurological disorders develop-
ing in early to middle adulthood which has a complex eti-
ology including both genetic and environmental elements 
[1]. The diagnosis of MS relies on neurological symptoms 
and signs, alongside evidence of the dissemination of 
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CNS lesions in space and time. MRI is usually enough to 
confirm the diagnosis when characteristic lesions accom-
pany a typical clinical presentation [2]. Sizes, shapes, and 
locations of MS lesions have great versatility. However, 
typically, they have an oval shape, a diameter greater than 
or equal to 3 mm, and gather close to the ventricles and 
in the corpus callosum, although juxta-cortical and infra-
tentorial regions are also common sites of involvement 
[3].

MS lesions are typically presented with a high T2 sig-
nal. FLAIR is a T2-weighted sequence with CSF signal 
was removed; therefore, it increases the contrast between 
the lesions and the CSF and improves white matter lesion 
detection. For these properties, it has become a standard 
sequence for MS imaging [4].

FLAIR is a single-slab fast spin-echo (FSE) T2 FLAIR 
sequence. Modulated flip angle refocusing radiofre-
quency pulses are used to generate lengthy echo trains. 
This leads to slower signal decay when compared to con-
ventional FSE sequences with constant flip angles of 180°. 
Thus, many more echoes can be used to generate the T2 
image without causing extensive blurring and artifacts 
[5].

Newer MR sequences like three-dimensional (3D) 
FLAIR merge two positive imaging features, nullifying 
the signal of the cerebrospinal fluid to improve the detec-
tion of white matter lesions and providing better resolu-
tion due to smaller slice thickness [6]. Also, there is the 
additional advantage of multi-planar reformatting while 
using the 3D acquisition [7].

We aimed to compare the role of 3D Cube FLAIR 
imaging (versus standard 2D FLAIR) in the assessment 
of white matter lesions in MS patients, as well as to test 
the convenience of using maximum intensity projec-
tion (MIP) on 3D FLAIR images for faster and easier 
evaluation

Methods
Study designed
This study was designed as a prospective intra-individual 
comparative study (Intraindividual because we assessed 
the patients at two different situation 2D and 3D FLAIR). 
The study protocol approval by the ethical commit-
tee of our institution. All underlying MR images of the 
study were saved in the PACS of the authors institution. 
Patients: One hundred and sixty patients with MS (124 
females and 36 males) with ages ranged between 17 and 
50 years with a mean age of 31.5 years referred by neu-
rologists to our radio-diagnosis department. The dura-
tion of the study was approximately 2 years, starting from 
December 2019 to October 2021 with definite MS diag-
nosed by International Panel on the diagnosis of multiple 
sclerosis (McDonald Criteria (revised)8). Any patients 

with pervious vascular, malignant or other CNS immu-
nological disease were excluded from the study. Each 
patient underwent detailed history taking and examina-
tion to determine the disease duration and disabilities 
caused by MS. Expanded Disability Status Scale (EDSS) 
that represent the level of disability scores caused by 
MS at time of MRI examination were collected from the 
patient’s records. As seen in Table 1 [9].

MRI imaging
All studies were done on a 1.5 T MRI unit with 20- chan-
nel-head-coils (GE healthcare, US). No special prepara-
tion is needed for the imaging except instructing the 
patient to remove any metal items like jewelry. Patient 
was in Supine position with headfirst., no contrast media 
injection is needed for this study unless indicated by 
the physician. Routine MRI brain study was performed 
including axial T1WI, axial, sagittal and coronal T2 WI. 
2D FLAIR (repetition time (ms): 8000.echo time (ms): 
120.inversion time (ms): 2000 plane: axial, with 5.5 mm 
slice thickness. acquisition time (min) 2.10). Single slab 
3D cube FLAIR sequence (which is a single-slab FSE 
T2 FLAIR sequence, repetition time (ms): 6000 echo 
time (ms): 126 inversion time (ms), 1864 slice thick-
ness (mm),1.6 continuous lane, sagittal acquisition time 
(min), 5.21) were added. Sequences parameters are listed 
in Table 2. Reformatting techniques were applied on 3D 
FLAIR sagittal images to produce the axial FLAIR MIP 
images using Radi Ant Dicom Viewer software (version 
2020.2.3) with 2 mm reconstruction thickness for easier 
and faster comparison with axial 2D FLAIR imaging 
results. The details of the imaging done, its technique and 
any expected risks were explained to the patients and an 
informed consent was obtained. Approval by the ethical 
committee for research before initiating this study. (NO: 
33393/10/19).

Image analysis
Images analysis were independently done by two neuro-
radiologist with 10 and 12 years of experience in neuro-
radiology, respectively. Observers were blinded by EDSS 
scoring. Lesions detected in both axial T2 D and its 3D 
MIP images were counted and classified into: Infra-ten-
torial lesions which located in or along the surface of 
the cerebellum and brain stem, Supra-tentorial lesions 
either periventricular lesions which touching the ventri-
cles, deep white matter lesions (DWM) or juxta-cortical 
lesions which were within the subcortical white mat-
ter immediately adjacent to the grey matter and hyper 
intense lesions were only counted once they appear on 
multiple contiguous slices with a size equal or more than 
2 mm.
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Statistical analysis
The analysis of brain lesions on the different pulse 
sequences were performed as the numbers of lesions 
were expressed as range, mean, standard deviation and 
median. The comparison of the numbers of lesions on 
2D FLAIR versus 3D FLAIR were expressed as percent-
age increase or decrease in the number of detected brain 
lesions. All calculations were performed by the SPSS 
software package. P values ≤ 0.05 were considered as sta-
tistically significant. Wilcoxon signed-rank test was also 
applied which is a non- parametric test that is used when 
the tested data were not normally distributed. Inter-
observer reliability was analyzed using two-way mixed 
single measure intraclass correlations (ICC).

Results
This study included 160 patients diagnosed with MS 
according to their clinical presentation and the typical 
conventional MRI findings, and then they were further 
evaluated by 3D Cube FLAIR MR Sequence. They were 
142 females and 36 males with ages ranging between 17 
and 50 years with a mean age of 33.4 years.

Most of the patients (92.5%) have relapsing remittent 
MS (RRMS) except 8 cases with secondary progressive 
MS (SPMS) and only four cases with clinically isolated 
syndrome (CIS) with EDSS ranging from 1 to 6.5 with 
a mean score of 3.4 and a standard deviation of 1.4. The 
duration of the disease ranges from 1 month to 18 years 
with a mean duration of 5 years. (Table 3)

The patients showed a wide variety of neurological 
symptoms including motor, sensory, visual, cerebellar 
and brain stem symptoms as demonstrated in (Table 4).

The degree of disability was found to be correlated with 
the numbers of T1 (black hole) lesions and infra-tento-
rial T2 lesions. Higher EDSS scores were associated with 
higher numbers of either or both lesions.

The detected lesions were mostly in the supra-tentorial 
regions (juxta-cortical, periventricular and DWM) 2120 
of total 2200 in 2D and 3176 of total 3408 in 3D, and in all 
three locations, 3D FLAIR sequence showed significantly 
more lesions than 2D FLAIR.

Table 1 EDSS score [9]

Score Description

0 Normal neurological exam without disability in any FS

1.0 No disability with minimal signs in one FS

1.5 No disability with minimal signs in more than one FS

2.0 Minimal disability in one FS

2.5 Mild disability in one FS or minimal disability in two FS

3.0 Moderate disability in one FS, or mild disability in three or four FS without any impairment to walking

3.5 Moderate disability in one FS and more than minimal disability in several others, without any impairment to walking

4.0 Significant disability but self-sufficient. Able to walk without aid or rest for 500 m

4.5 Significant disability with some limitation of full activity or require minimal assistance. Able to walk without aid or rest for 300 m

5.0 Disability severe enough to impair full daily activities. Able to walk without aid or rest for 200 m

5.5 Disability severe enough to prevent full daily activities. Able to walk without aid or rest for 100 m

6.0 Requires a walking aid – cane, crutch, etc. – to walk about 100 m with or without resting

6.5 Requires two walking aids – pair of canes, crutches, etc. – to walk about 20 m without resting

7.0 Unable to walk beyond approximately 5 m even with aid. Essentially restricted to wheelchair; though wheels self in standard wheelchair and 
transfers alone

7.5 Restricted to wheelchair and may need aid in transferring. Can wheel self but cannot carry on in standard wheelchair for a full day and may 
require a motorized wheelchair

8.0 Restricted to bed or chair or pushed in wheelchair. Retains many self-care functions. Generally has effective use of arms

8.5 Essentially restricted to bed much of day. Has some effective use of arms and retains some self-care functions

9.0 Confined to bed. Can still communicate and eat

9.5 Confined to bed and totally dependent. Unable to communicate effectively or eat/swallow

10.0 Death due to MS

Table 2 Sequences parameters used in MS diagnosis

Parameters 2D FLAIR 3D Cube FLAIR FLAIR MIP

Repetition time (ms) 8000 6000

Echo time (ms) 120 126

Inversion time(ms) 2000 1864

Slice thickness(mm) 5.5 1.6 2

Acquisition plane Axial Sagittal Axial

Acquisition time (min) 2.10 5.21
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The 3D FLAIR detected more lesions (1128) in the 
juxta-cortical region versus 560 lesions seen by the 2D 
FLAIR, the 3D showed a statistically significant differ-
ence compared to 2D FLAIR (p = < 0.001) with a percent-
age increase of 101.4%.

The 3D FLAIR detected 896 periventricular lesions, 
while the 2D FLAIR detected 696 lesions. The 3D FLAIR 
showed a statistically significant difference compared 
to 2D FLAIR (p = < 0.001) with a percentage increase of 
28.7%.

As for the DWM region, the 3D FLAIR detected 1152 
lesions, while the 2D FLAIR detected 864 lesions. The 
3D FLAIR showed a statistically significant difference 
compared to 2D FLAIR (p = < 0.001) with a percentage 
increase of 33.3%.

While the infra-tentorial lesions were detected in 48 
patients in the 2D FLAIR sequence and 104 patients in 
the 3D FLAIR sequence. The 3D FLAIR showed higher 
detection rate of lesions with a percentage increase of 
190% (80 lesions in 2D & 232 lesions in 3D).

At 2  mm reformatting, there is no difference in the 
detection of MS lesion between sagittal 3D FLAIR and 
axial MIP reconstruction, so MIP algorithm can be used 
to simplify lesion detection by reducing the number of 
images with the same degree of reliability. Summary of 
the study and the most important results are displayed in 
Table 5.

An example of one of the patients studied is displayed 
in (Figs. 1, 2, 3 and 4), which was a case of a 30 years old 
female patient, with RRMS for 6 years and an EDSS score 
of 5.5.

Another example is A 19 years old female patient with 
RRMS for 18 months and an EDSS of 1.5 (Figs. 5 and 6).

Discussion
Multiple sclerosis is a chronic inflammatory, degen-
erative, demyelinating disorder of the CNS that is most 
prevalent in young adults. This disease is character-
ized by relapses of attacks affecting different areas of the 
brain, optic nerves, and spinal cord over time. It is the 
most common cause of disability in young adults after 
trauma [10].

Table 3 Characters of the studied patients as regards the types 
of MS, duration, and EDSS

Type RRMS N 148

% 92.5

CIS N 4

% 2.5

SPMS N 8

% 5.0

Duration (years) Min. – Max .1–18.0

Mean ± SD 5.0 ± 4.6

Median 3.0

EDSS Min. – Max 1.0–6.5

Mean ± SD 3.4 ± 1.4

Median 3.3

Table 4 Clinical symptoms of the studied patients. N.B: more 
than one symptom was present in the same patient

Symptoms Number 
of 
patients

1 Motor symptoms 100

 Weakness or paresis and walking difficulty

2 Sensory symptoms: 88

 Incl. hypoesthesia, paraesthesia and L- hermitte phenom-
ena

3 Visual symptoms: 80

 Blurring or loss of vision

4 Cerebellar symptoms: 64

 Incl. incoordination, gait instability and ataxia

5 Brain stem symptoms: 40

 Incl. diplopia, vertigo and impaired speech and swallowing

6 Bowel and bladder dysfunction 32

7 Fatigue 60

8 Headache 32

9 Cognitive problems 16

 Incl. difficulty with memory and concentration

Table 5 Numbers of lesions and percentage increase in lesion detection by 3D FLAIR versus 2D FLAIR

NB: Percentage increase was calculated by computing the difference between the 3D and 2D total counts and dividing that difference to the 2D total count, then 
multiplied by100

Region 2D axial FLAIR 3D sagittal FLAIR and axial MIP Percentage increase P value

Supratentorial 530.0 794.0 49.8%  < 0.001

Juxtacortical 140.0 282.0 101.4%  < 0.001

Periventricular 174.0 224.0 28.7%  < 0.001

Deep white matter 216.0 288.0 33.3%  < 0.001

Infra-tentorial 20.0 58.0 190%  < 0.001

Total 550.0 852.0 54.9%  < 0.001
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In our present study, 3D Cube FLAIR sequence at 1.5 T 
was used alongside the conventional MRI sequences in 
the assessment of patients with MS to measure its value 
in the detection of supra-tentorial and infra-tentorial 
lesions and comparing the results of the 3D sequence and 
its axial MIP reconstruction with those of 2D FLAIR that 
is routinely used.

3D sequences have numerous advantages over 2D 
sequences. Images obtained by 3D sequences have iso-
tropic voxel dimensions without inter-slice gap so it can 
be easily reformatted without affecting the image qual-
ity. In 3D images, the thinner slice thickness leads to 
an increased number of detected lesions. Furthermore, 

Cube FLAIR was shown to produce almost no CSF flow 
artifacts when applied in brain imaging which improves 
visualization of lesions in the infra-tentorial region. 
Detecting these lesions is very vital because they have 
major impact on clinical disability of MS patients [11].

Earlier, 3D sequences took long acquisition time 
as they were multi-slab mode, but that drawback 
was attuned by using single-slab mode [12]. In our 
study, although 3D-FLAIR sequence has a longer 
time (5:21  min) compared to (2:10  min) in 2D FLAIR 
sequence, it is not considered a disadvantage as the 
3D sequence also allows axial, coronal, and sagittal 
reformatting.

Fig. 1 Infra-tentorial sections: the 3D FLAIR and axial MIP (green arrows at B and C) show a well delineated left cerebellar MS lesion that is not seen 
in 2D FLAIR (red arrow at A). A poorly seen lesion (encircled in red at A) is clearly demonstrated in axial MIP (encircled in green at C). Also, the sharp 
demarcation of the layers of the cerebellum is noted

Fig. 2 Supra-tentorial Sections: A well-defined left juxta-cortical temporal lesion (green arrow at B and C) is not visible in 2D FLAIR cut (red arrow at 
A). Furthermore, the axial MIP demonstrates a better delineation of the periventricular lesions
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2D and 3D FLAIR scans were compared, and lesions on 
each sequence were counted. Only hyper intense areas 
larger than 2 mm were calculated.

In current study, the detected lesions were mostly 
in the supra-tentorial regions (juxta-cortical, periven-
tricular and DWM). 3D FLAIR sequence showed sig-
nificantly more lesions than 2D FLAIR, that in keeping 
with Gramsch et al., [13] that state that adding 3D FLAIR 
sequence in standard MS protocols can considerably 
increase MS lesion detection and provide the possibility 
of an adequate replacement of both axial 2D FLAIR and 

mid-sagittal T2W sequences. This results also matched 
with Tawfik et al., [14] and Patzig et al., [12] who used 3 
Tesla MRI machine.

Among the 160 patients, infra-tentorial lesions were 
detected in 48 patients in the 2D sequence and 104 
patients in the 3D sequence. The 3D FLAIR showed 
higher detection rate of lesions with a percentage 
increase of 190% as the 2D-FLAIR was generally reported 
as less sensitive mostly due to CSF and blood inflow 
artifacts. The use of 3D FLAIR overcomes these issues 
because it can achieve homogeneous CSF suppression. 

Fig. 3 Left DWM lesion: A DWM MS lesion is not visible in 2D FLAIR (red arrow at A), is bright and well defined (green arrows at B and C) in 3D 
FLAIR and its MIP reconstruction

Fig. 4 Multiple callosal lesions, faintly detected at 2D FLAIR (largest indicated by red arrow in A), is bright and well demonstrated at (green arrows 
at B and C) in 3D FLAIR and axial MIP images
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Tawfik et al., [14] and Patzig et al., [12] also noted a 3D 
detection percentage increase of 80% and 140% respec-
tively. A significant positive association between infraten-
torial lesions and higher EDSS score or clinical disability 
was noted as Almutairi et al., also observed [15].

The overall results in this study were compatible with 
the results reported by the other studies regarding the 
comparison between 2D FLAIR and 3D FLAIR sequences 
in the detection of MS lesions. However, there were some 
differences between the present study and other ones, 
including:

This study included 160 patients using 1.5 T GE MRI 
machine, While Tawfik et  al, [14] studied 20 patients 
using Philips 1.5 T MRI scanner and Patzig et  al, [12] 
studied 12 patients at 3 Tesla.

At 2  mm reformatting, there is no difference in the 
detection of MS lesion between sagittal 3D FLAIR and 
axial MIP reconstruction, so MIP algorithm can be used 
to simplify lesion detection by reducing the number of 
images with the same degree of reliability which is in 
agreement with what Bravo et al., [7] observed.

MIP 3D FLAIR sequence overcame the problem of 
small size cortical lesions and the partial volume effects 
with cerebrospinal fluid in the sulci. The significant 
higher numbers of detectable lesions in regions classified 
as juxtacortical using 3D FLAIR sequences compared to 
2D sequences also argued for an integration of 3D FLAIR 
sequences into standard MRI protocols. The higher 
detection rate of hemispheric and infratentorial lesions 
and similar detection rate in the corpus callosum sug-
gested that 3D FLAIR sequences could substitute both 

dual-echo sequences and sagittal T2W sequences. How-
ever, a replacement of the conventional MRI sequences 
by the newer one will certainly require critical recon-
sidering of MS diagnostics. 3D FLAIR sequence can 
detect smaller MS lesions started at sizes of one mm; this 
could have a non-negligible impact on the evaluation of 
a patient’s examination in terms of the revised McDon-
ald criteria. The more sensitive MR sequences used, the 
earlier these criteria were met and the more significantly 
diagnosis differs between imaging centers because many 
sites use only conventional sequences.

Our study has some limitations: First, the results of the 
study are somewhat limited by the relatively small num-
ber of patients. Also, the results may be exclusive to the 
scanner and coil hardware used as no other systems were 
used or tested. Second, a low 1.5 Tesla field strength MRI 
machine was used. A 3 T or higher MRI would have ena-
bled the detection of more lesions. Finally, because we 
did not correlate results to pathology specimens, we can-
not be certain that all lesions detected were MS lesions. 
This  would have implied post-mortem exams, which 
were not obtainable.

Conclusion
3D FLAIR sequences should be added to conventional 2D 
FLAIR sequences in the MRI protocol when MS is sus-
pected as it provides better detection of MS lesions in all 
three planes in one acquisition. MIP reformatting algo-
rithm can simplify MS lesions detection with the same 
degree of precision within a shorter interpretation time.

Fig. 5 Multiple scattered DWM lesions. Those are easily detected in MIP images (at C) in comparison with axial 2D FLAIR (at A and B)
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2D: Two-dimensional; 3D: Three-dimensional,; BBB: Blood brain barrier; CIS: 
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Fig. 6 Infra-tentorial lesions: A shows no detectable MS lesion, that are only seen at B, C in 3D FLAIR and MIP images
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