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Abstract

Background: Multiple sclerosis (MS) is a demyelinating disease, involving almost 2.5 million people around the world. There are
different MR pulse sequences, which are used to detect MS plaques.
Objectives: This study aimed to compare, T2 weighted, short-tau inversion recovery (STIR) and phase-sensitive inversion recovery
(PSIR) pulse sequences, for detecting cervical spinal cord lesions in MS patients.
Patients and Methods: Sixty patients with definite MS diagnoses, participated in this study from June to December 2016. 1.5 T
Siemens (Avanto, Erlangen, Germany) MR scanner and three pulse sequences (T2 weighted, STIR and PSIR sequences) were used for
cervical cord MR imaging. To assess the effectiveness of these pulse sequences, the lesion to cord ratio (LCR) and lesion to noise ratio
(LNR) were calculated.
Results: The LCR and LNR of the T2 and PSIR were the same (LCR of 0.04, -0.03 and LNR of 2.74, -2.09 respectively), just the intensities
were reverse. STIR had a significantly different LCR and LNR [0.23 (P < 0.001) and 22.7(P < 0.001) respectively], hence it was better in
diagnosing cervical cord MS plaques.
Conclusion: According to the results, using 1.5 T MRI machine, it implies that the STIR pulse sequence was the best pulse sequence
in comparison to T2 and PSIR in detecting cervical cord MS plaques.
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1. Background

Multiple sclerosis (MS) is a demyelinating disease
which involves almost 2.5 million people all around the
world (1). The symptoms of this disease vary, depending
on the amount and the kind of nerves which are affected
by this disease (2). The lesion can be present in both brain
and cervical cord of the patients (3-5).

According to many studies, computed tomography
(CT) scanning has poor sensitivity in diagnosis, assess-
ment, and categorization of MS lesions, hence its evalu-
ation is merely limited to magnetic resonance imaging
(MRI) (6-8). MRI was first applied in the late 1980s to de-
tect MS in the upper cervical cord (9). Today it is believed
that MRI of spinal cord can be a suitable tool to provide
some information regarding disease development. This in-
formation can be valuable in detecting MS in some cases,
besides it can be useful to observe treatment effects (10,
11). There are different MR pulse sequences that can de-

tect MS plaques. For instance, in T2 weighted and fluid at-
tenuation inversion recovery (FLAIR), the legions are typi-
cally hyperintense. T1 weighted usually shows the legions
hypointensly. There are other sequences, such as T2*, dif-
fusion weighted imaging (DWI)/apparent diffusion coeffi-
cient (ADC), MR spectroscopy and short tau inversion re-
covery (STIR) (12, 13).

The consortium of MS centers consensus (CMSC) guide-
lines has suggested proton density (PD)/T2 weighted se-
quences as the standard spinal cord MS protocol (14). Some
studies declared that the PD sequence is superior to T2 fast
spin echo MR imaging in cord lesions (15, 16). However,
there are some studies that reported FLAIR to be superior
to PD and T2 pulse sequences in brain MRI (17). Others be-
lieve that for detecting spinal cord lesions, FLAIR is not sen-
sitive enough and the best choice is STIR (18) because by us-
ing STIR sequence, the acquisition time can be reduced and
sensitivity can be amplified (19). STIR pulse sequence can
suppress the high intensity of fat using the inversion time
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of around 110 ms. Although the application of STIR pulse
sequence is very common in the detection of cervical cord
lesions, this pulse sequence is susceptible to artifacts and
might result in inter-reader variability in the analysis of le-
sion burden (20).

The second IR sequence is the T1 weighted phase-
sensitive inversion recovery (PSIR), which is an alternative
to detect the spinal cord MS plaques. This pulse sequence
can produce high contrast between MS plaques and sur-
rounding tissues. A phase sensitive reconstruction per-
forms for PSIR which produce a greater dynamic range of
signal intensities that leads to a higher tissue contrast in
comparison to conventional T1 inversion recovery. It is also
less sensitive to flow artifacts since it uses small echo time
(TE) (21, 22). The process of nulling the tissues using PSIR
is a little more complicated than STIR because PSIR images
can be reconstructed both as phase sensitive or magnitude
images. The inversion time can be in the range of 390 to
430 ms (22).

2. Objectives

This study intended to compare T2 weighted, STIR and
another IR pulse sequence in detecting cervical spinal cord
lesions in patients with MS using 1.5 Tesla Siemens ma-
chine.

3. Patients and Methods

This was a cross-sectional study. Total of 60 out of 68 pa-
tients with definite MS diagnoses participated in this study
for a six-month period from June to December 2016. Writ-
ten Informed consent was obtained from all participants.
The inclusion criteria were that T2 weighted, STIR and PSIR
pulse sequences had to be performed in the same session
of imaging. The exclusion criteria were the existence of
any factor that might reduce the quality of images, such as
small motion artifacts that slightly blurred the spinal cord.

1.5 T Siemens (Avanto, Erlangen, Germany) MR scanner
and three pulse sequences (T2 weighted and two inversion
recovery pulse sequences) were used for cervical cord MR
imaging. Slice thickness, matrix size and field of view in all
scans were 3 mm, 256 × 256 and 220 × 220 mm, respec-
tively. Other characteristics of MR protocols used in this
study are shown in Table 1.

To assess the effectiveness of these pulse sequences,
two indices of the lesion to cord ratio (LCR) and lesion to
noise ratio (LNR) were calculated. Equations 1 and 2 show
these ratios.

(1)LCR =
Slesion − Scord

Scord

(2)LNR =
Slesion − Scord

SDair

Where Slesion is the mean signal intensity of lesion area,
Scord is the mean signal intensity of normal cervical cord
and SDair is the standard deviation of the signal intensities
of air region.

Sagittal images were used in this study. Among differ-
ent slices, those in which cervical lesions were larger and
could be seen easily were selected for assessment. The iden-
tical slices were chosen for all pulse sequences to be as-
sessed so that the lesions that were seen in all sequences
were selected for analysis.

Since manual segmentation of all cervical lesions
could be very time-consuming, a MATLAB based program
was written. It should be explained that the software was
validated comparing the results of the same patient pro-
vided by this software and the Medical Imaging Interaction
Toolkit (MITK) (23). MITK needs more manual practice to
segment all voxels of MS plaques which may be scattered
among the normal cord, however this software requires
only one level of manual segmentation.

At first, digital imaging and communications in
medicine (DICOM) images were read by program, then the
user manually segmented the cord region from C1 down
to T1 in order to avoid the interference of surrounding
structures in automatic segmentation of the lesions and
cord area. After restricting the image to the spinal cord
area, threshold method was applied, using the informa-
tion of signal intensities. The lesion, normal cord, and air
(somewhere out of the patient’s anatomy) regions were
segmented automatically, then the mean, max and min
of all lesions and cord signal intensities were determined
and LCR/LNR calculated.

Using the repeated measure ANOVA and Tukey’s HSD
post hoc test, the calculated indices of pulse sequences
were compared. P values less than 0.05 was considered to
be statistically significant. The statistical tests were per-
formed using MedCalc version 15.2.

4. Results

From 68 patients with definite MS cases, 60 partici-
pated in the study and eight were excluded due to slightly
blurred images or separate sessions of imaging. The mean
age of the patients was 34 years with an age range of 13 to 52
years. As an example, the MR images of a 22-year-old female
obtained by 1.5 T Siemens scanner using different pulse se-
quences of T2, STIR, and PSIR are shown in Figure 1. The
results of lesion and cord segmentation in different pulse
sequence images are shown in Figure 2.The calculated LCR
and LNR indices of each pulse sequences are shown in Fig-
ures 3 and 4.

2 Iran J Radiol. 2019; 16(3):e82134.

http://iranjradiol.com


Abolhasani Foroughi A et al.

Table 1. Characteristics of Pulse Sequences Used in This Study

MR sequences Repetition time (msec) Echo time (msec) Inversion time (msec) Phase encoding steps Echo train length

T2 2700 220 - 504 18

STIR 3000 31 160 336 8

PSIR 4000 20 349.8 468 12

Abbreviations: STIR, short-tau inversion recovery; PSIR, phase-sensitive inversion recovery

Figure 1. Cervical MRI images of a 22-year-old female with MS. T2 weighted (A), short tau inversion recovery (STIR), and phase sensitive inversion recovery (PSIR) pulse sequences
(C)

There were statistically significant differences between
LCR and LNR means as determined by repeated measures
ANOVA (F= 10.86, P < 0.001 and F = 113.32, P < 0.001, re-
spectively). The statistical characteristics of LCR and LNR
in all pulse sequences are shown using P values provided
by Tukey’s HSD post hoc test in Tables 2 and 3.

Table 2. LCR of MS Plaques in Different Pulse Sequences and Its Statistical Analysis

T2 STIR PSIR

Mean LCR ± SD 0.04 ± 0.12 0.23 ± 0.11 -0.03 ± 0.08

Statistically
lower than

STIR (P < 0.001) - T2 (P < 0.001),
STIR (P < 0.001)

Statistically
higher than

PSIR (P < 0.001) T2 (P < 0.001),
PSIR (P < 0.001)

-

Abbreviations: LCR, lesion to cord ratio; PSIR, phase-sensitive inversion recov-
ery; SD, standard deviation; T2, T2 weighted pulse sequence; STIR, short tau in-
version recovery

Although there was a significant difference between
different pulse sequences, it should be considered that the
intensity of T2 and PSIR images were reverse so the signs of

Table 3. LNR of MS Plaques in Different Pulse Sequences and Its Statistical Analysis

T2 STIR PSIR

Mean LNR ± SD 2.74 ± 10.30 22.70 ± 12.41 -2.09 ± 4.82

Statistically
lower than

STIR (P < 0.001) - T2 (P = 0.02),
STIR (P < 0.001)

Statistically
higher than

PSIR (P = 0.02) T2 (P < 0.001),
PSIR (P < 0.001)

-

Abbreviations: LNR, lesion to noise ratio; PSIR, phase-sensitive inversion recov-
ery; SD, standard deviation; T2, T2 weighted pulse sequence; STIR, short tau in-
version recovery

LCR and LNR were also reverse which lead to the significant
difference between these two pulse sequences.

5. Discussion

Early diagnosis of the inflammatory process in MS pa-
tients provides a chance for patients to initiate therapy us-
ing immunomodulatory drugs. This might prevent the
disease from progression and helps to control the illness.
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Figure 2. A. Manual segmentation of cord region; B. Segmented lesion’s voxels in STIR image; C. Segmented cord’s voxels in short-tau inversion recovery (STIR) image; D.
Segmented lesion’s voxels in T2 image; E. Segmented cord’s voxels in T2 image; F. Segmented lesion’s voxels in PSIR image; G. Segmented cord’s voxels in phase-sensitive
inversion recovery (PSIR) image
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Figure 3. The results of calculated lesion cord ratio (LCR) of different pulse se-
quences

Another advantage of early diagnosis is the reduced treat-
ment costs, which is of great importance.

In this study, the LCR and LNR of three pulse sequences
(T2, STIR, and PSIR) in cervical spinal cord were compared.
As it can be seen in Figure 1 the legions are hyperintense
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Figure 4. The results of calculated lesion to noise ratio (LNR) of different pulse se-
quences

in T2 and STIR and hypointense in PSIR. Visually one might
conclude that PSIR creates a good contrast between the le-
sion and cord in comparison with T2. The intensity of T2
and PSIR were reverse. According to Tables 2 and 3, LCR
and LNR of T2 and PSIR were significantly different and T2
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indices were significantly larger than PSIR. This difference
was due to the negative value of LCR and LNR of PSIR, if the
absolute value of LCR and LNR were considered to cancel
the effect of intensity, there would be no significant differ-
ence between T2 and PSIR LCR (P = 0.79) and LNR (P = 0.66)
for detecting MS plaques. According to Figures 3 and 4, and
Tables 2 and 3, STIR had a significantly different LCR and
LNR, hence it can be concluded that STIR was better in the
diagnosis of cervical cord MS plaques. This superiority can
be seen in Figure 1 since the MS plaques can be easily de-
tected.

Different studies have compared these pulse se-
quences. For the first time, in 1996, Lycklama a Nijeholt
et al. compared the cervical cord MRI imaging using
cardiac-triggered dual-echo spin-echo and magnetization
transfer-prepared gradient-echo (MT-GE) pulse sequences
in MS diagnosis. It revealed that the MT-GE technique was
superior in comparison to spin-echo technique, but LCR
ratio of the MT-GE images was equal to that of T2-weighted
images (24).

In 2013, Nayak et al. compared T2 and STIR pulse se-
quences in the detection of spinal cord MS plaques. This
was a subjective comparison showing that STIR is better
than T2 (25).

Alcaide-Leon et al. in 2016 compared the sensitivity and
specificity of T2, STIR and PSIR pulse sequences in the di-
agnosis of spinal cord MS plaque. This study revealed that
STIR and SPIR had the same sensitivity and specificity in cer-
vical cord MS diagnosis but better than T2. However, in tho-
racic spine STIR was better than PSIR (26).

The results of this study are in line with studies con-
ducted by Nayak et al. and Alcaide-Leon et al. in terms
of STIR superiority with respect to T2 in cervical cord MS
plaques. However, Alcaide-Leon et al., considered the same
superiority for STIR and PSIR in cervical cord region, con-
trary to our study that objectively showed that STIR is su-
perior to the PSIR.

In 2008, Poonawalla et al. compared T1-weighted inver-
sion recovery, STIR, and dual fast spin echo in the diagnosis
of cervical spinal cord lesions. They found that T1-weighted
inversion recovery had advantages in comparison with the
other studied pulse sequences (27).

In a review article in 2015, Kearney et al. stated that
although both STIR and PSIR could accurately distinguish
the lesions from normal tissue as a result of enhanced
contrast between lesions and the surrounding tissue, STIR
might be subjected to artifacts, such as flow artifacts,
hence PSIR is better than STIR in detecting cervical spine
lesions (28).

The results of our study were not compatible with stud-
ies performed by Poonawalla et al. (27) and Kearney et
al. (28). This difference could be attributed to the field

strength of the MRI devices. In their studies, they used 3 T
MRI machine and we used a 1.5 T MRI device. Besides, Poon-
awalla et al. (27) used a phased sensitive reconstruction in
their T1- weighted inversion recovery imaging, which may
have led to some differences in their results in comparison
with our results.

For further research, we suggest performing another
study with the same pulse sequences for thoracic cord le-
sions, to find out if STIR sequence is superior to other se-
quences in all parts of the spinal cord. Also, we are plan-
ning another study to find out if STIR sequence could be
totally replaced with T2 sequence in spinal cord MS lesion
detection.

In conclusion, to detect MS plaques in the cervical
spinal cord using 1.5 T MRI machine, STIR sequence has
higher sensitivity and specificity, hence it is superior to T2
weighted and PSIR sequences.

Acknowledgments

This present study was a research project (number 98-
01-48-19587) in the Vice chancellor for Research, Shiraz Uni-
versity of Medical Sciences, Shiraz, Iran

Footnotes

Authors’ Contributions: Study concept and design:
Amin Abolhasani Foroughi; acquisition of data: Mahdi
Saeedi-Moghadam and Banafsheh Zeinali-Rafsanjani;
analysis and interpretation of data: Banafsheh Zeinali-
Rafsanjani and Masoume Nazeri; drafting of the
manuscript: Mahdi Saeedi-Moghadam and Banafsheh
Zeinali-Rafsanjani; critical revision of the manuscript for
important intellectual content: Amin Abolhasani For-
oughi and Masoume Nazeri; statistical analysis: Banafsheh
Zeinali-Rafsanjani; administrative, technical, and material
support: Amin Abolhasani Foroughi; study supervision:
Amin Abolhasani Foroughi

Conflict of Interests: There is no conflict of interest.

Ethical Approval: This research was approved by
the Faculty Research Ethics Committee of Shiraz Univer-
sity of Medical Sciences with ethical approval code of
IR.sums.med.rec.1395.s125.

Financial Disclosure: There are no financial interests re-
lated to the material in the manuscript.

Funding/Support: There was no funding support.

Patient Consent: Written informed consent was obtained
from all participants.

Iran J Radiol. 2019; 16(3):e82134. 5

http://iranjradiol.com


Abolhasani Foroughi A et al.

References

1. Pietrangelo A, Higuera V. Multiple sclerosis by the numbers: Facts, statis-
tics, and you: Healthline. 2015. Available from: http://www.healthline.
com/health/multiple-sclerosis/facts-statistics-infographic.

2. Nikseresht A, Salehi H, Foroughi AA, Nazeri M. Association be-
tween urinary symptoms and urinary tract infection in patients
with multiple sclerosis. Glob J Health Sci. 2015;8(4):120–6. doi:
10.5539/gjhs.v8n4p253. [PubMed: 26573031]. [PubMed Central:
PMC4873596].

3. McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, Lublin
FD, et al. Recommended diagnostic criteria for multiple sclerosis:
Guidelines from the International Panel on the diagnosis of multiple
sclerosis. Ann Neurol. 2001;50(1):121–7. doi: 10.1002/ana.1032. [PubMed:
11456302].

4. Combes AJE, Matthews L, Lee JS, Li DKB, Carruthers R, Traboulsee
AL, et al. Cervical cord myelin water imaging shows degenera-
tive changes over one year in multiple sclerosis but not neu-
romyelitis optica spectrum disorder. Neuroimage Clin. 2017;16:17–22.
doi: 10.1016/j.nicl.2017.06.019. [PubMed: 28725551]. [PubMed Central:
PMC5503831].

5. Dekker I, Wattjes MP. Brain and spinal cord MR imaging fea-
tures in multiple sclerosis and variants. Neuroimaging Clin N Am.
2017;27(2):205–27. doi: 10.1016/j.nic.2016.12.002. [PubMed: 28391782].

6. Gebarski SS, Gabrielsen TO, Gilman S, Knake JE, Latack JT, Aisen
AM. The initial diagnosis of multiple sclerosis: Clinical impact
of magnetic resonance imaging. Ann Neurol. 1985;17(5):469–74. doi:
10.1002/ana.410170509. [PubMed: 4004170].

7. Wattjes MP, Lutterbey GG, Harzheim M, Gieseke J, Traber F, Klotz L, et
al. Higher sensitivity in the detection of inflammatory brain lesions
in patients with clinically isolated syndromes suggestive of multiple
sclerosis using high field MRI: An intraindividual comparison of 1.5
T with 3.0 T. Eur Radiol. 2006;16(9):2067–73. doi: 10.1007/s00330-006-
0195-4. [PubMed: 16649033].

8. Chen JJ, Carletti F, Young V, McKean D, Quaghebeur G. MRI differential
diagnosis of suspected multiple sclerosis. Clin Radiol. 2016;71(9):815–
27. doi: 10.1016/j.crad.2016.05.010. [PubMed: 27349475].

9. Paty DW, Oger JJ, Kastrukoff LF, Hashimoto SA, Hooge JP, Eisen AA,
et al. MRI in the diagnosis of MS: A prospective study with compar-
ison of clinical evaluation, evoked potentials, oligoclonal banding,
and CT.Neurology. 1988;38(2):180–5. doi: 10.1212/wnl.38.2.180. [PubMed:
3340277].

10. Polman C, Barkhof F, Sandberg-Wollheim M, Linde A, Nordle O, Ned-
erman T, et al. Treatment with laquinimod reduces development of
active MRI lesions in relapsing MS. Neurology. 2005;64(6):987–91. doi:
10.1212/01.WNL.0000154520.48391.69. [PubMed: 15781813].

11. Brown JW, Chard DT. The role of MRI in the evaluation of secondary
progressive multiple sclerosis. Expert Rev Neurother. 2016;16(2):157–71.
doi: 10.1586/14737175.2016.1134323. [PubMed: 26692498].

12. Weerakkody Y, Gaillard F.Multiple sclerosis. 2017. Available from: https:
//radiopaedia.org/articles/multiple-sclerosis.

13. Abolhasani Foroughi A, Salahi R, Nikseresht A, Heidari H, Nazeri
M, Khorsand A. Comparison of diffusion-weighted imaging and en-
hanced T1-weighted sequencing in patients with multiple sclero-
sis. Neuroradiol J. 2017;30(4):347–51. doi: 10.1177/1971400916678224.
[PubMed: 28452571]. [PubMed Central: PMC5524272].

14. Trip SA, Miller DH. Imaging in multiple sclerosis. J Neurol Neuro-
surg Psychiatry. 2005;76 Suppl 3:iii11–8. doi: 10.1136/jnnp.2005.073213.

[PubMed: 16107385]. [PubMed Central: PMC1765701].
15. Chong AL, Chandra RV, Chuah KC, Roberts EL, Stuckey SL. Proton den-

sity MRI increases detection of cervical spinal cord multiple sclerosis
lesions compared with T2-weighted fast spin-echo. AJNR Am J Neurora-
diol. 2016;37(1):180–4. doi: 10.3174/ajnr.A4476. [PubMed: 26427838].

16. Schmidt C, Hattingen E, Faehndrich J, Jurcoane A, Porto L. Detectabil-
ity of multiple sclerosis lesions with 3T MRI: A comparison of proton
density-weighted and FLAIR sequences. J Neuroradiol. 2012;39(1):51–6.
doi: 10.1016/j.neurad.2011.09.006. [PubMed: 22176757].

17. Hashemi RH, Bradley WG Jr, Chen DY, Jordan JE, Queralt JA, Cheng
AE, et al. Suspected multiple sclerosis: MR imaging with a thin-
section fast FLAIR pulse sequence. Radiology. 1995;196(2):505–10. doi:
10.1148/radiology.196.2.7617868. [PubMed: 7617868].

18. Hittmair K, Mallek R, Prayer D, Schindler EG, Kollegger H. Spinal
cord lesions in patients with multiple sclerosis: Comparison of MR
pulse sequences. AJNR Am J Neuroradiol. 1996;17(8):1555–65. [PubMed:
8883656].

19. Bot JC, Barkhof F, Lycklama a Nijeholt GJ, Bergers E, Polman CH,
Ader HJ, et al. Comparison of a conventional cardiac-triggered
dual spin-echo and a fast STIR sequence in detection of spinal
cord lesions in multiple sclerosis. Eur Radiol. 2000;10(5):753–8. doi:
10.1007/s003300050998. [PubMed: 10823627].

20. Vargas MI, Delavelle J, Kohler R, Becker CD, Lovblad K. Brain and
spine MRI artifacts at 3Tesla. J Neuroradiol. 2009;36(2):74–81. doi:
10.1016/j.neurad.2008.08.001. [PubMed: 18835643].

21. Hagiwara A, Hori M, Yokoyama K, Takemura MY, Andica C, Tabata T, et
al. Synthetic MRI in the detection of multiple sclerosis plaques. AJNR
Am J Neuroradiol. 2017;38(2):257–63. doi: 10.3174/ajnr.A5012. [PubMed:
27932506].

22. Schraa B. T1-weighted phase sensitive inversion recovery for imag-
ing multiple sclerosis lesions in the cervical spinal cord. MAGNETOM
Flash. 2013;5:64–8.

23. Wolf I, Vetter M, Wegner I, Bottger T, Nolden M, Schobinger M,
et al. The medical imaging interaction toolkit. Med Image Anal.
2005;9(6):594–604. doi: 10.1016/j.media.2005.04.005. [PubMed:
15896995].

24. Lycklama a Nijeholt GJ, Barkhof F, Castelijns JA, van Waesberghe JH,
Valk J, Jongen PJ, et al. Comparison of two MR sequences for the de-
tection of multiple sclerosis lesions in the spinal cord. AJNR Am J Neu-
roradiol. 1996;17(8):1533–8. [PubMed: 8883653].

25. Nayak NB, Salah R, Huang JC, Hathout GM. A comparison of sagit-
tal short T1 inversion recovery and T2-weighted FSE sequences for de-
tection of multiple sclerosis spinal cord lesions. Acta Neurol Scand.
2014;129(3):198–203. doi: 10.1111/ane.12168. [PubMed: 23980614].

26. Alcaide-Leon P, Pauranik A, Alshafai L, Rawal S, Oh J, Montanera
W, et al. Comparison of sagittal FSE T2, STIR, and T1-weighted
phase-sensitive inversion recovery in the detection of spinal cord
lesions in MS at 3T. AJNR Am J Neuroradiol. 2016;37(5):970–5. doi:
10.3174/ajnr.A4656. [PubMed: 26797141].

27. Poonawalla AH, Hou P, Nelson FA, Wolinsky JS, Narayana PA. Cervi-
cal spinal cord lesions in multiple sclerosis: T1-weighted inversion-
recovery MR imaging with phase-sensitive reconstruction. Radiol-
ogy. 2008;246(1):258–64. doi: 10.1148/radiol.2463061900. [PubMed:
17991786].

28. Kearney H, Miller DH, Ciccarelli O. Spinal cord MRI in multi-
ple sclerosis–diagnostic, prognostic and clinical value. Nat Rev
Neurol. 2015;11(6):327–38. doi: 10.1038/nrneurol.2015.80. [PubMed:
26009002].

6 Iran J Radiol. 2019; 16(3):e82134.

http://www.healthline.com/health/multiple-sclerosis/facts-statistics-infographic
http://www.healthline.com/health/multiple-sclerosis/facts-statistics-infographic
http://dx.doi.org/10.5539/gjhs.v8n4p253
http://www.ncbi.nlm.nih.gov/pubmed/26573031
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4873596
http://dx.doi.org/10.1002/ana.1032
http://www.ncbi.nlm.nih.gov/pubmed/11456302
http://dx.doi.org/10.1016/j.nicl.2017.06.019
http://www.ncbi.nlm.nih.gov/pubmed/28725551
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5503831
http://dx.doi.org/10.1016/j.nic.2016.12.002
http://www.ncbi.nlm.nih.gov/pubmed/28391782
http://dx.doi.org/10.1002/ana.410170509
http://www.ncbi.nlm.nih.gov/pubmed/4004170
http://dx.doi.org/10.1007/s00330-006-0195-4
http://dx.doi.org/10.1007/s00330-006-0195-4
http://www.ncbi.nlm.nih.gov/pubmed/16649033
http://dx.doi.org/10.1016/j.crad.2016.05.010
http://www.ncbi.nlm.nih.gov/pubmed/27349475
http://dx.doi.org/10.1212/wnl.38.2.180
http://www.ncbi.nlm.nih.gov/pubmed/3340277
http://dx.doi.org/10.1212/01.WNL.0000154520.48391.69
http://www.ncbi.nlm.nih.gov/pubmed/15781813
http://dx.doi.org/10.1586/14737175.2016.1134323
http://www.ncbi.nlm.nih.gov/pubmed/26692498
https://radiopaedia.org/articles/multiple-sclerosis
https://radiopaedia.org/articles/multiple-sclerosis
http://dx.doi.org/10.1177/1971400916678224
http://www.ncbi.nlm.nih.gov/pubmed/28452571
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5524272
http://dx.doi.org/10.1136/jnnp.2005.073213
http://www.ncbi.nlm.nih.gov/pubmed/16107385
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1765701
http://dx.doi.org/10.3174/ajnr.A4476
http://www.ncbi.nlm.nih.gov/pubmed/26427838
http://dx.doi.org/10.1016/j.neurad.2011.09.006
http://www.ncbi.nlm.nih.gov/pubmed/22176757
http://dx.doi.org/10.1148/radiology.196.2.7617868
http://www.ncbi.nlm.nih.gov/pubmed/7617868
http://www.ncbi.nlm.nih.gov/pubmed/8883656
http://dx.doi.org/10.1007/s003300050998
http://www.ncbi.nlm.nih.gov/pubmed/10823627
http://dx.doi.org/10.1016/j.neurad.2008.08.001
http://www.ncbi.nlm.nih.gov/pubmed/18835643
http://dx.doi.org/10.3174/ajnr.A5012
http://www.ncbi.nlm.nih.gov/pubmed/27932506
http://dx.doi.org/10.1016/j.media.2005.04.005
http://www.ncbi.nlm.nih.gov/pubmed/15896995
http://www.ncbi.nlm.nih.gov/pubmed/8883653
http://dx.doi.org/10.1111/ane.12168
http://www.ncbi.nlm.nih.gov/pubmed/23980614
http://dx.doi.org/10.3174/ajnr.A4656
http://www.ncbi.nlm.nih.gov/pubmed/26797141
http://dx.doi.org/10.1148/radiol.2463061900
http://www.ncbi.nlm.nih.gov/pubmed/17991786
http://dx.doi.org/10.1038/nrneurol.2015.80
http://www.ncbi.nlm.nih.gov/pubmed/26009002
http://iranjradiol.com

	Abstract
	1. Background
	2. Objectives
	3. Patients and Methods
	Table 1

	4. Results
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 2
	Table 3

	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contributions: 
	Conflict of Interests: 
	Ethical Approval: 
	Financial Disclosure: 
	Funding/Support: 
	Patient Consent: 

	References

